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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 101 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). High resolution mass spectra 

(HR-MS) were recorded on a LTQ-Orbitrap Elite mass spectrometer with MeOH as solvent mixture 

for the measurements. 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 and 1260 Series chromatographs using a Diacel chiral column (25 cm). Optical rotations were 

measured on a 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. Substrates 

(2-phenyloxazol-5(4H)-one) 1 and (allylic carbonates) 2 were prepared according to the literature 

procedure.1,2 Chiral ligands (Ra,R,R)-L was prepared according to the literature procedure.3 The 

racemic products were obtained by running reactions with blending equal amount of two enantiomers. 

The absolute configuration of (R,R)-8p was determined by X-ray analysis, and those of other products 

were deduced on the basis of this result. 

 

II. General Procedure for Iridium-Catalyzed Asymmetric Double Allylic Alkylation of 

Azlactone 
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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 (0.005 mmol, 2.5 mol %), phosphoramidite 

ligand (Ra,R,R)-L1 (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. 2-phenyloxazol-5(4H)-one 1 (0.20 mmol), allylic carbonates 

2 (0.40 mmol), Cs2CO3 (0.20 mmol), DCM (2 mL) were then added, reacted at 20 ℃. After 12 hours 

of reaction, the mixture was added water, and extracted with dichloromethane (3×). The 

dichloromethane layers were dried over anhydrous Na2SO4, filtered, and evaporated to give crude 3. 

The crude product was purified by silica-gel column chromatography to give 3. 

 

 

4,4-bis((R)-1-(4-bromophenyl)allyl)-2-phenyloxazol-5(4H)-one (3a): Yield (102 mg, 92%); white 

solid, m.p. 82–84 °C; []22
D = -64.6 (c 0.95, CHCl3);

 1H NMR (400 MHz, Chloroform-d) δ 7.74–7.66 

(m, 2H), 7.55 – 7.48 (m, 1H), 7.43 – 7.36 (m, 2H), 7.29 – 7.27 (m, 2H), 7.26 – 7.25 (m, 2H), 7.11 – 

6.98 (m, 4H), 6.55 (ddd, J = 16.8, 10.4, 10.0 Hz, 1H), 6.31 (ddd, J = 16.8, 10.4, 10.0 Hz, 1H), 5.38 – 

5.18 (m, 4H), 3.96 (d, J = 10.0 Hz, 1H), 3.96 (d, J = 10.0 Hz, 1H). 13C NMR (101 MHz, Chloroform-

d) δ 177.8, 160.5, 137.6, 137.2, 134.2, 133.1, 132.7, 131.4, 131.2, 130.9, 130.5, 128.7, 127.7, 125.1, 

121.6, 121.2, 120.1, 119.9, 78.6, 53.7, 53.6. HRMS (APCI+) Calcd. For C27H22Br2NO2
+ ([M+H]+): 

551.9993, found: 551.9987. The product was analyzed by HPLC to determine the enantiomeric 

excess: >99% ee (Chiralpak AD-H, i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 220 nm); tr = 

5.72 and 6.11 min. 
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2-phenyl-4,4-bis((R)-1-phenylallyl)oxazol-5(4H)-one (3b): Yield (69 mg, 88%); white solid, m.p. 

119–121 °C; []22
D = -133.5 (c 0.89, CHCl3); 1H NMR (400 MHz, Chloroform-d) δ 7.69 – 7.57 (m, 

2H), 7.50 – 7.42 (m, 1H), 7.38 – 7.29 (m, 2H), 7.21 – 7.17 (m, 2H), 7.16 – 7.08 (m, 7H), 7.08 – 7.02 

(m, 1H), 6.68 (ddd, J = 17.2, 10.4, 10.0 Hz, 1H), 6.42 (ddd, J = 17.2, 10.4, 10.0 Hz, 1H), 5.39 – 5.22 

(m, 4H), 4.05 (d, J = 10.0 Hz, 1H), 4.04 (d, J = 10.0 Hz, 1H). 13C NMR (101 MHz, Chloroform-d) δ 

178.1, 160.0, 138.8, 138.3, 134.9, 133.7, 132.3, 129.2, 128.8, 128.5, 128.2, 128.1, 127.6, 127.3, 127.1, 

125.6, 119.5, 119.3, 79.1, 54.4, 54.2. HRMS (APCI+) Calcd. For C27H24NO2
+ ([M+H]+): 394.1802, 

found: 394.1800. The product was analyzed by HPLC to determine the enantiomeric excess: 99% ee 

(Chiralpak IE, i-propanol/hexane = 1/99, flow rate 0.5 mL/min, λ = 254 nm); tr = 9.98 and 11.32 min. 

 

 

4,4-bis((R)-1-(4-fluorophenyl)allyl)-2-phenyloxazol-5(4H)-one (3c): Yield (70 mg, 81%); white 

solid, m.p. 80–82 °C; []22
D = -38.0 (c 0.94, CHCl3);

 1H NMR (400 MHz, Chloroform-d) δ 7.71 – 7.64 

(m, 2H), 7.52 – 7.46 (m, 1H), 7.41 – 7.33 (m, 2H), 7.19 – 7.07 (m, 4H), 6.87 – 6.77 (m, 4H), 6.60 (ddd, 

J = 17.2, 10.4, 10.0 Hz, 1H), 6.35 (ddd, J = 17.2, 10.4, 10.0 Hz, 1H), 5.39 – 5.19 (m, 1H), 4.004 (d, J 

= 10.0 Hz, 1H), 3.999 (d, J = 10.0 Hz, 1H). 13C NMR (101 MHz, Chloroform-d) δ 178.0, 162.0 (d, J 

= 246.4 Hz), 161.8 (d, J = 246.4 Hz), 160.3, 134.6, 134.4 (d, J = 3.0 Hz), 134.0 (d, J = 3.0 Hz), 133.3, 

132.6, 130.7 (d, J = 8.1 Hz), 130.3 (d, J = 8.1 Hz), 128.6, 127.6, 125.2, 119.8, 119.6, 115.1 (d, J = 21.2 

Hz), 114.9 (d, J = 21.2 Hz), 79.0, 53.5, 53.3. 19F NMR (376 MHz, Chloroform-d) δ -114.88 – -115.05 

(m), -115.18 – -115.33 (m). HRMS (APCI+) Calcd. For C27H22F2NO2
+ ([M+H]+): 430.1613, found: 

430.1612. The product was analyzed by HPLC to determine the enantiomeric excess: >99% ee 

(Chiralpak IE, i-propanol/hexane = 1/99, flow rate 0.5 mL/min, λ = 254 nm); tr = 5.00 and 5.23 min. 
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4,4-bis((R)-1-(4-chlorophenyl)allyl)-2-phenyloxazol-5(4H)-one (3d): Yield (84 mg, 91%); white 

solid, m.p. 91–93 °C; []22
D = -65.4 (c 0.97, CHCl3);

 1H NMR (400 MHz, Chloroform-d) δ 7.73 – 7.65 

(m, 2H), 7.56 – 7.48 (m, 1H), 7.43 – 7.35 (m, 2H), 7.14 – 7.06 (m, 8H), 6.56 (ddd, J = 17.2, 10.4, 10.0 

Hz, 1H), 6.32 (ddd, J = 17.2, 10.4, 10.0 Hz, 1H), 5.40 – 5.18 (m, 4H), 3.98 (d, J = 10.0 Hz, 1H), 3.975 

(d, J = 10.0 Hz, 1H). 13C NMR (101 MHz, Chloroform-d) δ 177.8, 160.5, 137.1, 136.7, 134.3, 133.3, 

133.1, 133.0, 132.7, 130.5, 130.2, 128.7, 128.4, 128.2, 127.7, 125.1, 120.0, 119.8, 78.8, 53.6, 53.5. 

HRMS (APCI+) Calcd. For C27H22Cl2NO2
+ ([M+H]+): 462.1022, found: 462.1016. The product was 

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

= 2/98, flow rate 1.0 mL/min, λ = 220 nm); tr = 5.25 and 5.71 min. 

 

 

2-phenyl-4,4-bis((R)-1-(4-(trifluoromethyl)phenyl)allyl)oxazol-5(4H)-one (3e): Yield (97 mg, 

92%); white syrupy liquid; []22
D = -44.9 (c 0.85, CHCl3);

 1H NMR (400 MHz, Chloroform-d) δ 7.72 

– 7.62 (m, 2H), 7.55 – 7.48 (m, 1H), 7.44 – 7.35 (m, 6H), 7.35 – 7.30 (m, 2H), 7.29 – 7.26 (m, 2H), 

6.59 (ddd, J = 17.2, 10.4, 10.0 Hz, 1H), 6.36 (ddd, J = 17.2, 10.4, 10.0 Hz, 1H), 5.44 – 5.22 (m, 4H), 

4.09 (d, J = 10.0 Hz, 1H), 4.07 (d, J = 10.0 Hz, 1H). 13C NMR (101 MHz, Chloroform-d) δ 177.6, 

160.7, 142.5, 142.1, 133.9, 132.9, 132.7, 129.64 (q, J = 32.3 Hz), 129.57, 129.48 (q, J = 32.3 Hz), 

129.3, 128.7, 127.6, 125.2 (q, J = 4.0 Hz), 125.0 (q, J = 4.0 Hz), 124.9, 123.94 (q, J = 272.7 Hz), 

123.91 (q, J = 272.7 Hz), 120.6, 120.4, 78.5, 54.2, 53.9. 19F NMR (376 MHz, Chloroform-d) δ -62.64, 

-62.69. HRMS (APCI+) Calcd. For C29H22F6NO2
+ ([M+H]+): 530.1549, found: 530.1553. The product 
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was analyzed by HPLC to determine the enantiomeric excess: >99% ee (Chiralpak IE, i-

propanol/hexane = 1/99, flow rate 0.5 mL/min, λ = 254 nm); tr = 7.76 and 8.12 min. 

 

 

4,4-bis((R)-1-(3-fluorophenyl)allyl)-2-phenyloxazol-5(4H)-one (3f): Yield (82 mg, 96%); white 

solid, m.p. 77–79 °C; []22
D = -35.2 (c 0.97, CHCl3);

 1H NMR (400 MHz, Chloroform-d) δ 7.73 – 7.66 

(m, 2H), 7.53 – 7.45 (m, 1H), 7.43 – 7.34 (m, 2H), 7.14 – 7.07 (m, 2H), 7.00 – 6.74 (m, 6H), 6.55 (ddd, 

J = 17.2, 10.0, 10.0 Hz, 1H), 6.32 (ddd, J = 17.2, 10.0, 10.0 Hz, 1H), 5.38 – 5.22 (m, 4H), 4.01 (d, J = 

10.0 Hz, 1H), 3.99 (d, J = 10.0 Hz, 1H). 13C NMR (101 MHz, Chloroform-d) δ 177.7, 162.34 (d, J = 

247.5 Hz), 162.29 (d, J = 247.5 Hz), 160.5, 141.0 (d, J = 8.1 Hz), 140.6 (d, J = 8.1 Hz), 134.2, 133.0, 

132.6, 129.7 (d, J = 8.1 Hz), 129.5 (d, J = 8.1 Hz), 128.6, 127.7, 125.2, 124.9 (d, J = 3.0 Hz), 124.4 (d, 

J = 3.0 Hz), 120.1, 119.9, 116.2 (d, J = 22.2 Hz), 115.9 (d, J = 22.2 Hz), 114.3 (d, J = 21.2 Hz), 114.1 

(d, J = 21.1 Hz), 78.7, 54.1 (d, J = 2.0 Hz), 53.8 (d, J = 2.0 Hz). 19F NMR (376 MHz, Chloroform-d) 

δ -112.78 – -112.94 (m), -113.02 – -113.16 (m). HRMS (APCI+) Calcd. For C27H22F2NO2
+ ([M+H]+): 

430.1613, found: 430.1614. The product was analyzed by HPLC to determine the enantiomeric 

excess: >99% ee (Chiralpak IE, i-propanol/hexane = 1/99, flow rate 0.5 mL/min, λ = 254 nm); tr = 9.53 

and 10.45 min. 

 

 

4,4-bis((R)-1-(3-chlorophenyl)allyl)-2-phenyloxazol-5(4H)-one (3g): Yield (84 mg, 91%); white 

syrupy liquid; []22
D = -61.6 (c 0.92, CHCl3); 

1H NMR (400 MHz, Chloroform-d) δ 7.75 – 7.67 (m, 

2H), 7.55 – 7.48 (m, 1H), 7.43 – 7.36 (m, 2H), 7.22 – 7.19 (m, 1H), 7.14 – 7.05 (m, 7H), 6.52 (ddd, J 

= 17.2, 10.4, 10.0 Hz, 1H), 6.29 (ddd, J = 17.2, 10.4, 10.0 Hz, 1H), 5.39 – 5.20 (m, 4H), 3.97 (d, J = 
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10.0 Hz, 1H), 3.94 (d, J = 10.0 Hz, 1H). 13C NMR (101 MHz, Chloroform-d) δ 177.7, 160.6, 140.5, 

140.0, 134.1, 133.9, 133.8, 133.0, 132.7, 129.5, 129.4, 128.6, 127.7, 127.6, 127.4, 127.3, 126.7, 125.2, 

120.2, 120.0, 78.6, 54.0, 53.9. HRMS (APCI+) Calcd. For C27H22Cl2NO2
+ ([M+H]+): 462.1022, found: 

462.1021. The product was analyzed by HPLC to determine the enantiomeric excess: >99% ee 

(Chiralpak IE, i-propanol/hexane = 1/99, flow rate 0.5 mL/min, λ = 254 nm); tr = 9.28 and 10.14 min. 

 

 

4,4-bis((R)-1-(3-bromophenyl)allyl)-2-phenyloxazol-5(4H)-one (3h): Yield (98 mg, 89%); white 

solid, m.p. 94–96 °C; []22
D = -60.4 (c 0.98, CHCl3); 

1H NMR (400 MHz, Chloroform-d) δ 7.76 – 7.69 

(m, 2H), 7.55 – 7.48 (m, 1H), 7.43 – 7.33 (m, 3H), 7.29 – 7.26 (m, 2H), 7.25 – 7.21 (m, 1H), 7.16 – 

7.08 (m, 2H), 7.06 – 7.00 (m, 2H), 6.51 (ddd, J = 17.2, 10.4, 10.0 Hz, 1H), 6.28 (ddd, J = 17.2, 10.4, 

10.0 Hz, 1H), 5.39 – 5.19 (m, 4H), 3.95 (d, J = 10.0 Hz, 1H), 3.93 (d, J = 10.0 Hz, 1H). 13C NMR (101 

MHz, Chloroform-d) δ 177.6, 160.7, 140.7, 140.3, 134.1, 132.9, 132.7, 132.4, 132.4, 130.5, 130.3, 

129.8, 129.7, 128.6, 127.8, 127.7, 127.1, 125.1, 122.2, 122.0, 120.3, 120.1, 78.6, 53.93, 53.85. HRMS 

(APCI+) Calcd. For C27H22Br2NO2
+ ([M+H]+): 551.9993, found: 551.9988. The product was analyzed 

by HPLC to determine the enantiomeric excess: >99% ee (Chiralpak IE, i-propanol/hexane = 1/99, 

flow rate 0.5 mL/min, λ = 254 nm); tr = 9.37 and 10.59 min.  

 

 

4,4-bis((R)-1-(3,5-dichlorophenyl)allyl)-2-phenyloxazol-5(4H)-one (3i): Yield (91 mg, 86%); white 

solid, m.p. 52–54 °C; [α]30
D = -71.8 (c 1.02, CHCl3); 

1H NMR (400 MHz, Chloroform-d) δ 7.83 – 7.74 

(m, 2H), 7.59 – 7.52 (m, 1H), 7.46 – 7.40 (m, 2H), 7.18 – 7.15 (m, 1H), 7.15 – 7.08 (m, 3H), 7.07 – 
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7.02 (m, 2H), 6.37 (ddd, J = 17.2, 10.0, 10.0 Hz, 1H), 6.18 (ddd, J = 17.2, 10.0, 10.0 Hz, 1H), 5.39 – 

5.18 (m, 4H), 3.90 (d, J = 10.0 Hz, 1H), 4.86 (d, J = 10.0 Hz, 1H). 13C NMR (101 MHz, Chloroform-

d) δ 177.2, 161.2, 141.5, 141.1, 134.7, 134.6, 133.3, 133.1, 132.3, 128.8, 127.9, 127.79, 127.77, 127.6, 

127.5, 124.8, 121.0, 120.8, 78.2, 53.69, 53.67. HRMS (APCI+) Calcd. For C27H20Cl4NO2
+ ([M+H]+): 

532.0216, found: 532.0209. 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 = 254 nm); tr = 4.27 and 4.62 

min. 

 

 

2-phenyl-4,4-bis((R)-1-(p-tolyl)allyl)oxazol-5(4H)-one  (3j): Yield (69 mg, 82%); white solid, m.p. 

96–98 °C; []22
D = -59.9 (c 0.93, CHCl3);

 1H NMR (400 MHz, Chloroform-d) δ 7.70 – 7.62 (m, 2H), 

7.49 – 7.43 (m, 1H), 7.39 – 7.30 (m, 2H), 7.10 – 6.99 (m, 4H), 6.96 – 6.88 (m, 4H), 6.67 (ddd, J = 

17.2, 10.4, 10.0 Hz, 1H), 6.40 (ddd, J = 17.2, 10.4, 10.0 Hz, 1H), 5.37 – 5.19 (m, 4H), 4.00 (d, J = 10.0 

Hz, 2H), 2.19 (s, 3H), 2.15 (s, 3H). 13C NMR (101 MHz, Chloroform-d) δ 178.2, 160.0, 136.9, 136.6, 

135.8, 135.4, 135.2, 133.9, 132.2, 128.94, 128.91, 128.7, 128.6, 128.4, 127.7, 125.8, 119.2, 119.0, 79.2, 

54.0, 53.8, 21.0, 20.9. HRMS (APCI+) Calcd. For C29H28NO2
+ ([M+H]+): 422.2115, found: 422.2112. 

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

i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 360 nm); tr = 4.93 and 7.26 min. 

 

 

4,4-bis((R)-1-(4-methoxyphenyl)allyl)-2-phenyloxazol-5(4H)-one (3k): Yield (68 mg, 75%); white 

solid, m.p. 112–114 °C; []22
D = -59.3 (c 0.93, CHCl3);

 1H NMR (400 MHz, Chloroform-d) δ 7.71 – 
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7.64 (m, 2H), 7.51 – 7.43 (m, 1H), 7.39 – 7.32 (m, 2H), 7.14 – 7.03 (m, 4H), 6.74 – 6.65 (m, 4H), 6.64 

(ddd, J = 17.2, 10.0, 9.6 Hz, 1H), 6.37 (ddd, J = 17.2, 10.0, 9.6 Hz, 1H), 5.37 – 5.15 (m, 4H), 3.98 (d, 

J = 10 Hz, 2H), 3.68 (s, 3H), 3.66 (s, 3H). 13C NMR (101 MHz, Chloroform-d) δ 178.3, 160.0, 158.6, 

158.4, 135.2, 134.0, 132.3, 130.9, 130.5, 130.2, 129.8, 128.5, 127.7, 125.7, 119.1, 118.9, 113.6, 113.4, 

79.4, 55.09, 55.06, 53.4, 53.3. HRMS (APCI+) Calcd. For C29H28NO4
+ ([M+H]+): 454.2013, found: 

454.2012. The product was analyzed by HPLC to determine the enantiomeric excess: >99% ee 

(Chiralpak AD-H, i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 220 nm); tr = 9.42 and 13.65 

min. 

 

 

2-phenyl-4,4-bis((R)-1-(m-tolyl)allyl)oxazol-5(4H)-one (3l): Yield (67 mg, 80%); white syrupy 

liquid; []22
D = -52.0 (c 0.75, CHCl3); 

1H NMR (400 MHz, Chloroform-d) δ 7.69 – 7.61 (m, 2H), 7.50 

– 7.43 (m, 1H), 7.40 – 7.30 (m, 2H), 7.06 – 6.84 (m, 8H), 6.67 (ddd, J = 17.2, 10.4, 10.0 Hz, 1H), 6.40 

(ddd, J = 17.2, 10.4, 10.0 Hz, 1H), 5.39 – 5.21 (m, 4H), 4.01 (d, J = 9.6 Hz, 1H), 3.99 (d, J = 9.6 Hz, 

1H), 2.17 (s, 3H), 2.11 (s, 3H). 13C NMR (101 MHz, Chloroform-d) δ 178.1, 160.0, 138.7, 138.2, 137.6, 

137.5, 135.1, 133.8, 132.2, 130.1, 129.8, 128.4, 128.1, 127.98, 127.96, 127.8, 127.6, 126.0, 125.8, 

125.5, 119.3, 119.1, 79.0, 54.3, 54.2, 21.23, 21.20. HRMS (APCI+) Calcd. For C29H28NO2
+ ([M+H]+): 

422.2115, found: 422.2108. The product was analyzed by HPLC to determine the enantiomeric 

excess: >99% ee (Chiralpak IE, i-propanol/hexane = 1/99, flow rate 0.5 mL/min, λ = 254 nm); tr = 8.79 

and 10.48 min.  
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4,4-bis((R)-1-(3-methoxyphenyl)allyl)-2-phenyloxazol-5(4H)-one (3m): Yield (74 mg, 82%); white 

syrupy liquid; []22
D = -47.8 (c 0.94, CHCl3); 

1H NMR (400 MHz, Chloroform-d) δ 7.73 – 7.66 (m, 

2H), 7.50 – 7.44 (m, 1H), 7.40 – 7.32 (m, 2H), 7.10 – 7.01 (m, 2H), 6.83 – 6.78 (m, 1H), 6.78 – 6.72 

(m, 2H), 6.70 – 6.62 (m, 3H), 6.62 (ddd, J = 17.2, 10.0, 10.0 Hz, 1H), 6.37 (ddd, J = 17.2, 10.0, 10.0 

Hz, 1H), 5.38 – 5.20 (m, 4H), 4.01 (d, J = 10.0 Hz, 1H), 4.00 (d, J = 10.0 Hz, 1H), 3.67 (s, 3H), 3.55 

(s, 3H). 13C NMR (101 MHz, Chloroform-d) δ 178.0, 160.2, 159.2, 159.1, 140.3, 139.78, 134.8, 133.7, 

132.4, 129.2, 129.1, 128.5, 127.6, 125.7, 121.5, 121.0, 119.5, 119.3, 114.3, 114.0, 113.7, 113.0, 78.9, 

55.1, 54.9, 54.4, 54.3. HRMS (ESI+) Calcd. For C29H27NNaO4
+ ([M+Na]+): 476.1832, found: 

476.1839. The product was analyzed by HPLC to determine the enantiomeric excess: >99% ee 

(Chiralpak IE, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm); tr = 5.64 and 8.10 min. 

 

 

4,4-bis((R)-1-(naphthalen-2-yl)allyl)-2-phenyloxazol-5(4H)-one (3n): Yield (83 mg, 84%); white 

solid, m.p. 134–136 °C; []22
D = -133.5 (c 0.99, CHCl3); 

1H NMR (400 MHz, Chloroform-d) δ 7.71 – 

7.57 (m, 10H), 7.42 – 7.28 (m, 8H), 7.26 – 7.23 (m, 1H), 6.76 (ddd, J = 17.2, 10.4, 10.0 Hz, 1H), 6.52 

(ddd, J = 17.2, 10.0, 10.0 Hz, 1H), 5.43 – 5.23 (m, 4H), 4.25 (d, J = 10.0 Hz, 1H), 4.24 (d, J = 10.0 

Hz, 1H). 13C NMR (101 MHz, Chloroform-d) δ 178.1, 160.4, 136.3, 135.8, 134.9, 133.9, 133.2, 133.1, 

132.6, 132.4, 132.3, 128.6, 128.4, 127.93, 127.90, 127.85, 127.7, 127.5, 127.4, 127.1, 126.9, 125.82, 

125.79, 125.66, 125.4, 119.64, 119.62, 79.3, 54.5. HRMS (APCI+) Calcd. For C29H28NO4
+ ([M+H]+): 

494.2115, found: 494.2114. The product was analyzed by HPLC to determine the enantiomeric 

excess: >99% ee (ChiralpakAD-H, i-propanol/hexane = 1/99, flow rate 0.5 mL/min, λ = 250 nm); tr = 

7.48 and 10.01 min.  
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2-phenyl-4,4-bis((R)-1-(pyridin-3-yl)allyl)oxazol-5(4H)-one (3o): Yield (59 mg, 74%); yellow 

syrupy liquid; []22
D = -51.6 (c 0.90, CHCl3); 

1H NMR (400 MHz, Chloroform-d) δ 8.49 – 8.31 (m, 

4H), 7.73 – 7.67 (m, 2H), 7.56 – 7.47 (m, 3H), 7.41 – 7.34 (m, 2H), 7.13 – 7.05 (m, 2H), 6.56 (ddd, J 

= 17.2, 10.4, 10.0 Hz, 1H), 6.35 (ddd, J = 17.2, 10.4, 10.0 Hz, 1H), 5.42 – 5.25 (m, 4H), 4.04 (d, J = 

10.0 Hz, 1H), 4.02 (d, J = 10.0 Hz, 1H). 13C NMR (101 MHz, Chloroform-d) δ 177.5, 160.8, 150.5, 

150.4, 148.8, 148.6, 136.6, 135.7, 134.0, 133.7, 133.6, 133.0, 132.3, 128.7, 127.8, 124.7, 123.13, 

123.09, 120.8, 120.6, 78.5, 51.9, 51.7; HRMS (APCI+) Calcd. For C25H22N3O2
+ ([M+H]+): 396.1707, 

found: 396.1703. The product was analyzed by HPLC to determine the enantiomeric excess: >99% ee 

(Chiralpak IE, i-propanol/hexane = 30/70, flow rate 1.0 mL/min, λ = 250 nm); tr = 14.78 and 17.99 

min.  

 

 

2-phenyl-4,4-bis((S)-1-(thiophen-2-yl)allyl)oxazol-5(4H)-one (3p): Yield (53 mg, 65%); yellow 

solid, m.p. 90–92 °C;; []22
D = -47.9 (c 0.97, CHCl3); 

1H NMR (400 MHz, Chloroform-d) δ 7.88 – 

7.78 (m, 2H), 7.57 – 7.49 (m, 1H), 7.46 – 7.38 (m, 2H), 7.09 – 7.01 (m, 2H), 6.90 – 6.77 (m, 4H), 6.59 

(ddd, J = 17.2, 10.4, 10.0 Hz, 1H), 6.29 (ddd, J = 17.2, 10.4, 10.0 Hz, 1H), 5.43 – 5.25 (m, 4H), 4.41 

(d, J = 10.0 Hz, 1H), 4.30 (d, J = 10.0 Hz, 1H). 13C NMR (101 MHz, Chloroform-d) δ 177.4, 161.9, 

140.5, 140.4, 134.6, 133.1, 132.6, 128.6, 128.0, 126.4, 126.2, 125.8, 125.7, 125.3, 124.6, 120.0, 119.4, 

78.9, 49.7, 49.3. HRMS (APCI+) Calcd. For C23H20NO2S2
+ ([M+H]+): 406.0930, found: 406.0929. 

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

i-propanol/hexane = 1/99, flow rate 1.0 mL/min, λ = 220 nm); tr = 12.43 and 13.86 min.  
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4,4-di((S)-but-3-en-2-yl)-2-phenyloxazol-5(4H)-one (3q): [Ir(DBCOT)Cl]2 was used instead of 

[Ir(COD)Cl]2. Yield (50 mg, 92%); white syrupy liquid; []22
D = -72.6 (c 1.25, CHCl3); 

1H NMR (400 

MHz, Chloroform-d) δ 8.07 – 7.96 (m, 2H), 7.61 – 7.54 (m, 1H), 7.53 – 7.43 (m, 2H), 5.91 – 7.75 (m, 

2H),, 5.18 –5.08 (m, 4H), 2.93 – 2.80 (m, 2H), 1.03 (d, J = 6.9 Hz, 6H). 13C NMR (101 MHz, 

Chloroform-d) δ 178.9, 160.3, 137.2, 136.7, 132.6, 128.7, 128.0, 125.8, 117.67, 117.65, 78.4, 42.2, 

41.9, 15.2, 14.7. HRMS (APCI+) Calcd. For C17H20NO2
+ ([M+H]+): 270.1489, found: 270.1481. The 

product was analyzed by 1H NMR to determine the diastereomeric excess: 12:1 dr. The product was 

transformed to 8q and then analyzed by HPLC to determine the enantiomeric excess: >99% ee. 

 

 

methyl (S)-2-benzamido-2-((S)-but-3-en-2-yl)-3-methylpent-4-enoate (8q): Yield (48 mg, 80%); 

white syrupy liquid; []22
D = -1.3 (c 1.21, CHCl3); 

1H NMR (400 MHz, Chloroform-d) δ 7.84 – 7.74 

(m, 2H), 7.54 – 7.39 (m, 3H), 5.96 – 5.78 (m, 2H), 5.20 – 4.96 (m, 4H), 3.82 (s, 3H), 3.74 – 3.64 (m, 

1H), 3.63 – 3.55 (m, 1H), 1.13 (d, J = 6.8 Hz, 3H), 1.12 (d, J = 6.8 Hz, 3H). 13C NMR (101 MHz, 

Chloroform-d) δ 173.7, 166.6, 139.3, 138.9, 135.9, 131.3, 128.6, 126.8, 116.6, 116.2, 71.1, 52.7, 41.7, 

40.4, 16.06, 16.05. HRMS (APCI+) Calcd. For C18H24NO3
+ ([M+H]+): 302.1751, found: 302.1749. 

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

H, i-propanol/hexane = 1/99, flow rate 1.0 mL/min, λ = 226 nm); tr = 5.90 and 6.20 min. 

 

III. Control Experiment 

(1) Reaction between 1 and 2a, 2k 
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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 (0.005 mmol, 2.5 mol %), phosphoramidite 

ligand (Ra,R,R)-L1 (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. 2-phenyloxazol-5(4H)-one 1 (0.20 mmol), Allylic 

carbonates 2a (0.20 mmol), 2k (0.20 mmol), Cs2CO3 (0.20 mmol), DCM (2 mL) were then added, 

reacted at 20 ℃. After 12 hours of reaction, the mixture was added water, and extracted with 

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

evaporated to give crude 3. The crude product was purified by silica-gel column chromatography to 

give pure 3a, pure 3k, mixture of 3ak and 3ka. Therefore, these above results indicated that these 

double allylic alkylation reactions should be proceeded in step-by-step manner. (R,R,R)-3ak and 

(R,S,R)-3ka: yield (19 mg, 19% yield, inseparable); HRMS (APCI+) Calcd. For C28H25BrNO3
+ 

([M+H]+): 504.0996, found: 504.0987. 

 

(2) Reaction between 1 and 2a, 2b 
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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 (0.005 mmol, 2.5 mol %), phosphoramidite ligand 

(Ra,R,R)-L (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. 2-phenyloxazol-5(4H)-one 1 (0.20 mmol), Allylic carbonates 2a 

(0.20 mmol), 2b (0.20 mmol), Cs2CO3 (0.20 mmol), DCM (2 mL) were then added, reacted at 20 ℃. 

After 12 hours of reaction, the mixture was added water, and extracted with dichloromethane (3×). The 

dichloromethane layers were dried over anhydrous Na2SO4, filtered, and evaporated to give crude 3. 

The crude product was purified by silica-gel column chromatography to give mixture of 3a, 3b, 3ab 

and 3ba. They can be detected by high resolution mass spectrometry: 3a (R1 = R2 = Br): HRMS 

(APCI+) Calcd. For C27H22Br2NO2
+ ([M+H]+): 551.9993, found: 551.9987. 3b (R1 = R2 = H): HRMS 

(APCI+) Calcd. For C27H24NO2
+ ([M+H]+): 394.1802, found: 394.1797. 3ab/3ba (R1 = H, R2 = Br or 

R1 = Br, R2 = H): HRMS (APCI+) Calcd. For C27H23BrNO2
+ ([M+H]+): 474.0890, found: 474.0887. 

To a solution of 3a/3b/3ab/3ba in DCM (2.0 mL) was added K2CO3 (0.05 mol, 25 mol%) at 35 ℃ and 

the reaction mixture was stirred overnight before concentrated in vacuo and purified by silica-gel 

column chromatography to give 8a/8b/8ab/8ba. They can be detected by high resolution mass 

spectrometry: 8a (R1 = R2 = Br): HRMS (APCI+) Calcd. For C28H26Br2NO3
+ ([M+H]+): 584.0256, 

found: 584.0249; 8b (R1 = R2 = H): HRMS (APCI+) Calcd. For C28H28NO3
+ ([M+H]+): 426.2064, 

found: 426.2060; 8ab/8ba (R1 = H, R2 = Br or R1 = Br, R2 = H): HRMS (APCI+) Calcd. For 

C28H27BrNO3
+ ([M+H]+): 506.1153, found: 506.1147. 

A flame dried 10 mL vial was cooled to rt and a magnetic stir bar was added. To this vial was added 

the mixture of 8a/8b/8ab/8ba, Pd/C (10 mg), Et3N (1.20 mmol), THF (2 mL), H2O (1 mL). Then we 

put the vial into the autoclave and fill it with 5.5 MPa hydrogen. The reaction was stirred at room 

temperature for 24 hours, and then the remaining hydrogen was released. Remove palladium on carbon 

by filtration, then add water (20 mL) to the system and extract with dichloromethane (3 × 10 mL). The 

dichloromethane layers were dried over anhydrous Na2SO4, filtered, and evaporated to give crude 6. 

The crude product was purified by silica-gel column chromatography to give pure 6. 
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methyl (R)-2-benzamido-3-phenyl-2-((R)-1-phenylpropyl)pentanoate (6): Yield (56 mg, 65%, the 

total yield of the three-step reaction); white solid, m.p. 157–159 °C;; []22
D = -8.4 (c 1.12, CHCl3); 

1H 

NMR (400 MHz, Chloroform-d) δ 7.55 – 7.47 (m, 2H), 7.46 – 7.39 (m, 1H), 7.37 – 7.30 (m, 2H), 7.23 

– 7.17 (m, 3H), 7.16 – 7.08 (m, 7H), 6.85 (bs, 1H), 4.68 (dd, J = 12.4, 2.8 Hz, 1H), 3.74 (s, 3H), 3.57 

(dd, J = 12.4, 2.8 Hz, 1H), 2.45 – 2.32 (m, 1H), 2.30 – 2.17 (m, 2H), 2.15 – 2.05 (m, 1H), 0.81 (t, J = 

7.2 Hz, 3H), 0.75 (t, J = 7.2 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 173.0, 167.4, 139.9, 139.6, 

136.4, 131.1, 129.6, 128.7, 128.5, 128.1, 127.1, 126.9, 126.7, 73.2, 54.2, 52.5, 46.6, 23.5, 22.7, 13.1, 

13.0. HRMS (APCI+) Calcd. For C28H32NO3
+ ([M+H]+): 430.2376, found: 430.2373. The product was 

analyzed by HPLC to determine the enantiomeric excess: >99% ee (Chiralpak AD-H, i-

propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 226 nm); tr = 7.59 and 9.44 min. 

 

IV. Gram-Scale of Double Allylic Alkylation of Azlactone 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 (0.05 mmol, 2.5 mol %), phosphoramidite ligand 

(Ra,R,R)-L1 (0.10 mmol, 5.0 mol %), degassed THF (5.0 mL) and degassed n-propylamine (5.0 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 carbonate 2a (4.00 mmol), 2-phenyloxazol-5(4H)-one 1 

(2.00 mmol), Cs2CO3 (2.00 mmol), DCM (20 mL) were then added, reacted at 20 ℃. After 12 hours 

of reaction, the mixture was added water, and extracted with dichloromethane (3×). The 
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dichloromethane layers were dried over anhydrous Na2SO4, filtered, and evaporated to give crude 3a. 

The crude product was purified by silica-gel column chromatography to give 3a in 92% yield (1.01 g) 

with >99% ee. 

 

 

 

To a solution of 3a (0.20 mmol) in THF (2.0 mL) was added 6 N HCl (1 mL), the reaction mixture 

was stirred at room temperature overnight. Then, water (30 mL) was added to the reaction system and 

extracted with CH2Cl2 (3 × 10 mL). The organics were combined and dried over Na2SO4 and 

concentrated under vacuum and purified by silica-gel column chromatography to give 7. 

To a solution of 3a/3p (0.20 mmol) in DCM (2.0 mL) was added K2CO3 (0.05 mol, 25 mol%) at 

35 ℃ and the reaction mixture was stirred overnight before concentrated in vacuo and purified by 

silica-gel column chromatography to give 8a/8p. 

To a solution of 8a (0.20 mmol) in THF (2.0 mL) was added LiAlH4 (1.00 mmol, 5.0 equiv.) at 

0 ℃ and the reaction mixture was stirred overnight. The reaction was quenched with sat. NH4Cl a.q. 

and extracted with CH2Cl2 (3 x 10 mL) and the combined organics were washed with H2O (1 x 10 mL), 

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

vacuum and purified by silica-gel column chromatography to give 9.  

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

times. To this Schlenk tube were added 3b (0.20 mmol), Pd/C (10 mg), CH3CO2Et (2 mL) and insert 

the hydrogen balloon below the liquid surface. The reaction mixture was stirred overnight before 

concentrated in vacuo and purified by silica-gel column chromatography to give 10. 
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(R)-2-benzamido-3-(4-bromophenyl)-2-((R)-1-(4-bromophenyl)allyl)pent-4-enoic acid (7): Yield 

(100 mg, 88%); white solid, mp 208–210 °C; []22
D = -94.9 (c 1.14, CHCl3); 

1H NMR (400 MHz, 

Chloroform-d) δ 7.56 – 7.48 (m, 3H), 7.43 – 7.32 (m, 4H), 7.24 (s, 1H), 7.17 – 7.04 (m, 5H), 6.85 (ddd, 

J = 16.8, 9.6, 9.6 Hz, 1H), 6.69 (ddd, J = 16.8, 9.6, 9.6 Hz, 1H), 5.37 – 5.21 (m, 4H), 5.12 (d, J = 16.8 

Hz, 1H), 4.36 (d, J = 9.6 Hz, 1H). 13C NMR (101 MHz, Chloroform-d) δ 174.9, 168.4, 139.0, 138.6, 

136.1, 136.0, 135.0, 132.0, 131.51, 131.48, 131.0, 130.3, 128.9, 126.7, 121.4, 121.1, 119.6, 118.9, 70.9, 

56.0, 49.7. HRMS (APCI+) Calcd. For C27H24Br2NO3
+ ([M+H]+): 570.0099, found: 570.0086. 

 

 

methyl (R)-2-benzamido-3-(4-bromophenyl)-2-((R)-1-(4-bromophenyl)allyl)pent-4-enoate (8a): 

Yield (105 mg, 90%); white solid, m.p. 62–64 °C; []22
D = -90.2 (c 0.97, CHCl3); 

1H NMR (400 MHz, 

Chloroform-d) δ 7.57 – 7.46 (m, 3H), 7.43 – 7.33 (m, 4H), 7.28 (s, 1H), 7.06 – 6.95 (m, 5H), 6.82 (ddd, 

J = 17.2, 10.0, 9.2 Hz, 1H), 6.59 (ddd, J = 17.2, 10.0, 9.2 Hz, 1H), 5.45 (d, J = 9.6 Hz, 1H), 5.33 – 

5.23 (m, 3H), 5.12 – 5.02 (m, 1H), 4.32 (d, J = 9.6 Hz, 1H), 3.78 (s, 3H). 13C NMR (101 MHz, 

Chloroform-d) δ 172.2, 167.5, 139.1, 138.7, 136.1, 135.8, 135.5, 131.7, 131.50, 131.47, 130.7, 130.0, 

128.8, 126.6, 121.4, 121.0, 119.8, 118.6, 71.3, 56.3, 53.1, 49.2. HRMS (ESI+) Calcd. For 

C28H25Br2NNaO3
+ ([M+Na]+): 606.0075, found: 606.0072. The product was analyzed by HPLC to 

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

1.0 mL/min, λ = 226 nm); tr = 5.28 and 8.50 min. 

 



S18 

 

 

methyl (R)-2-benzamido-3-(3,5-dichlorophenyl)-2-((R)-1-(3,5-dichlorophenyl)all-yl)pent-4-

enoate (8p): Yield (107 mg, 95%); white solid, mp 146–148 °C; []30
D = -57.5 (c 1.12, CHCl3); 

1H 

NMR (400 MHz, Chloroform-d) δ 7.64 – 7.57 (m, 2H), 7.54 – 7.47 (m, 1H), 7.46 – 7.38 (m, 2H), 7.26 

– 7.23 (m, 1H), 7.13 – 7.11 (m, 1H), 7.10 – 7.06 (m, 2H), 7.04 – 6.99 (m, 2H), 6.97 – 6.88 (m, 1H), 

6.75 (ddd, J = 16.8, 10.0, 9.6 Hz, 1H), 6.54 (ddd, J = 16.8, 10.0, 9.6 Hz, 1H), 5.47 (d, J = 9.6 Hz, 1H), 

5.38 – 5.27 (m, 3H), 5.18 – 5.07 (m, 1H), 4.29 (d, J = 9.6 Hz, 1H), 3.84 (s, 3H). 13C NMR (101 MHz, 

Chloroform-d) δ 171.6, 168.4, 143.2, 142.8, 135.5, 134.83, 134.78, 134.6, 131.8, 128.8, 127.7, 127.6, 

127.4, 126.9, 126.6, 121.0, 119.7, 71.2, 56.4, 53.3, 49.1. HRMS (APCI+) Calcd. For C28H24Cl4NO3
+ 

([M+H]+): 564.0479, found: 564.0473. 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 = 254 

nm); tr = 6.78 and 7.17 min.  

 

 

N-((3R,5R)-3,5-bis(4-bromophenyl)-4-(hydroxymethyl)hepta-1,6-dien-4-yl)benzamide (9): Yield 

(80 mg, 72%); white solid, mp 106–108 °C; []22
D = -71.8 (c 0.92, CHCl3); 

1H NMR (400 MHz, 

Chloroform-d) δ 7.63 – 7.56 (m, 2H), 7.55 – 7.48 (m, 1H), 7.46 – 7.38 (m, 4H), 7.34 – 7.26 (m, 3H), 

7.25 – 7.20 (m, 3H), 6.61 – 6.49 (m, 2H), 6.47 (bs, 1H), 5.33 – 8.08 (m, 4H), 4.86 (t, J = 7.2 Hz, 1H), 

4.15 (d, J = 10.4 Hz, 1H), 3.85 (d, J = 7.2 Hz, 2H), 3.81 (d, J = 10.4 Hz, 1H). 13C NMR (101 MHz, 

Chloroform-d) δ 167.9, 139.9, 139.1, 137.7, 137.5, 135.1, 131.6, 129.9, 129.6, 128.8, 128.6, 128.5, 

127.2, 127.1, 126.6, 119.2, 118.6, 65.8, 64.8, 55.1, 54.7. 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 = 210 nm); tr = 27.97 and 29.78 min. 
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2-phenyl-4,4-bis((R)-1-phenylpropyl)oxazol-5(4H)-one (10): Yield (67 mg, 84%); white solid, mp 

134–136 °C; []22
D = -94.3 (c 1.00, CHCl3); 

1H NMR (400 MHz, Chloroform-d) δ 7.80 – 7.67 (m, 

2H), 7.52 – 7.44 (m, 1H), 7.41 – 7.33 (m, 2H), 7.21 – 6.98 (m, 10H), 3.17 (t, J = 11.6 Hz, 1H), 3.16 (t, 

J = 11.6 Hz, 1H), 2.11 – 1.98 (m, 1H), 1.95 – 1.77 (m, 3H), 0.71 (t, J = 7.2 Hz, 3H), 0.66 (t, J = 7.2 

Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 179.3, 159.6, 138.2, 137.9, 132.2, 130.2, 128.5, 127.7, 

127.6, 127.1, 126.9, 125.8, 80.4, 51.9, 51.5, 22.3, 21.7, 12.2, 12.1. HRMS (APCI+) Calcd. For 

C27H24Br2NO3
+ ([M+H]+): 398.2115, found: 398.2107.  

 

V. Absolute Configuration Determination of (R,R)-8p 

 

Figure S1. X-ray structure of (R,R)-8p  

 

To a 10 mL oven-dried glass sample bottle was added 20 mg pure 8p with 2 mL dichloromethane 

to get clear solution, then 7 mL n-hexane was slowly added. The mixture solution was sealed with 

filter paper to slowly grow crystals at room temperature. Crystal data for (R,R)-8p: C28H23Cl4NO3, Mr 

= 563.27, T = 100 K, Monoclinic, space group P2(1)2(1)2(1), a=11.76191(4) b=13.60474(5) 

c=16.49635(6) Å, V = 2639.710(17) Å3, Z = 4, 5297 unique reflections, final R1 = 0.0193 and wR2 = 

0.0514 for 5307 observed [I>2σ(I)] reflections, Flack = 0.003(2). CCDC 2130772 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, 
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Union Road, Cambridge CB21EZ, UK; fax: (+44) 1223-336-033; or deposit@ccdc.cam.ac.uk). 
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VII. NMR and HPLC Spectra 

 

1H NMR (400 MHz, CDCl3) of 3a 

 

13C NMR (101 MHz, CDCl3) of 3a 
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HPLC chromatogram of compound (rac)-3a 
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HPLC chromatogram of compound 3a 
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1H NMR (400 MHz, CDCl3) of 3b 

 

13C NMR (101 MHz, CDCl3) of 3b 
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HPLC chromatogram of compound (rac)-3b 
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HPLC chromatogram of compound 3b 
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1H NMR (400 MHz, CDCl3) of 3c 

 

13C NMR (101 MHz, CDCl3) of 3c 
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19F NMR (376 MHz, CDCl3) of 3c  
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HPLC chromatogram of compound (rac)-3c 
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HPLC chromatogram of compound 3c 
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1H NMR (400 MHz, CDCl3) of 3d 

 
13C NMR (101 MHz, CDCl3) of 3d 
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