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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. The data are reported as (s 

= single, d = double, t = triple, q = quarte, m = multiple or unresolved, brs = broad single, coupling 

constant(s) in Hz, integration). 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. 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. All reactions were monitored by TLC with silica gelcoated 

plates. Enantiomeric ratios were determined by chiral-phase HPLC analysis in comparison with 

authentic racemic materials using a chiralpak AD-H, chiralcel OD-H and IE column with hexane and 

i-PrOH as solvents. Cyclic imino ester,1 allylcarbonates,2 L1-L43 were prepared according to the 

literature procedure. The absolute configuration of 5e was determined by X-ray analysis, and those of 

other adducts were deduced on the basis of this result.4 The racemic products were obtained by 

running reactions with a racemic catalyst or blending equal amount of two enantiomers. 

 

II. General procedure for dual Cu/Pd-catalyzed allylic alkylation reaction of cyclic imino esters 

The preparation of Cu catalyst: A flame dried Schlenk tube was cooled to rt and filled with N2. To 

this flask were added (S,Sp)-
tBu-Phosferrox L2 (0.01 mmol, 5 mol %) and Cu(OTf)2 (0.01 mmol, 5 

mol %) were dissolved in 0.5 mL of THF, and stirred at room temperature for about 0.5 h. 

The preparation of Pd catalyst: A flame dried Schlenk tube was cooled to rt and filled with N2. To 

this flask were added (S,Sp)-
tBu-Phosferrox L2 (0.01 mmol, 5 mol %) and [Pd(η3-allyl)Cl]2 (0.005 

mmol, 2.5 mol %) were dissolved in 0.5 mL of THF, and stirred at room temperature for about 0.5 h.  

A flame dried Schlenk tube was cooled to rt and filled with N2. To this flask were added cyclic 

imino esters (0.20 mmol, 1.0 equiv), base (0.20 mmol, 1.0 equiv), Cu catalyst (5 mol %), Pd catalyst 

(5 mol %). The methyl cinnamyl carbonate (0.30 mmol, 1.5 equiv) was then added. The reaction 

mixture was stirred at room temperature for 24 h. The organic solvent was removed by rotary 

evaporation. The dr value was determined by 1H NMR analysis of the crude mixture and the residue 

was purified by column chromatography on silica gel to give the allylation product, which was then 

directly analyzed by chiral HPLC to determine the enantiomeric excess. 
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Methyl (S, E)-4-cinnamyl-2-phenyl-4,5-dihydrothiazole-4-carboxylate (5a): 

 

Yield (98%); 66.1 mg; yellow solid; m.p. 78-80 oC; [α]
20

D
 = -38.7 (c 1.0, CHCl3); it was purified by 

column chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 15/1). 1H NMR (400 

MHz, CDCl3) δ 7.88 – 7.86 (m, 2H), 7.47 (t, J = 7.3 Hz, 1H), 7.40 (t, J = 7.4 Hz, 2H), 7.32 – 7.25 (m, 

4H), 7.21 (t, J = 7.1 Hz, 1H), 6.52 (d, J = 15.8 Hz, 1H), 6.20 – 6.12 (m, 1H), 3.89 (d, J = 11.5 Hz, 1H), 

3.81 (s, 3H), 3.45 (d, J = 11.5 Hz, 1H), 2.92 (dd, J = 7.3, 1.7 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 

172.9, 169.1, 137.0, 134.4, 132.8, 131.6, 128.55, 128.46, 128.45, 127.4, 126.3, 123.6, 88.3, 52.9, 41.3, 

38.8. HRMS (ESI-TOF) Calcd. For C20H20N2S
+ ([M+H]+): 338.1209, found: 338.1195. The product 

was analyzed by chiral 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 = 10.3 and 11.6 min. 

 

Methyl (S, E)-2-phenyl-4-(3-(p-tolyl) allyl)-4,5-dihydrothiazole-4-carboxylate (5b): 

 

Yield (96%); 67.5 mg; yellow oil; [α]
20

D
 = -40.4 (c 1.0, CHCl3); it was purified by column 

chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 15/1). 1H NMR (400 MHz, 

CDCl3) δ 7.87 (d, J = 7.3 Hz, 2H), 7.48 (t, J = 7.3 Hz, 1H), 7.41 (t, J = 7.5 Hz, 2H), 7.29 – 7.18 (m, 

2H), 7.09 (d, J = 7.9 Hz, 2H), 6.49 (d, J = 15.7 Hz, 1H), 6.14 – 6.06 (m, 1H), 3.89 (d, J = 11.5 Hz, 

1H), 3.81 (s, 3H), 3.45 (d, J = 11.5 Hz, 1H), 2.93 – 2.87 (m, 2H), 2.31 (s, 3H). 13C NMR (100 MHz, 

CDCl3) δ 172.9, 169.1, 137.2, 134.2, 134.1, 132.8, 131.5, 129.1, 128.5, 128.4, 126.1, 122.4, 88.3, 52.9, 

41.3, 38.6, 21.1. HRMS (ESI-TOF) Calcd. For C21H22NO2S
+ ([M+H]+): 352.1366, found: 352.1358. 

The product was analyzed by chiral 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 = 9.6 and 10.8 min. 

 

Methyl (S, E)-4-(3-(4-methoxyphenyl) allyl)-2-phenyl-4,5-dihydrothiazole-4-Carboxylate (5c): 
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Yield (75%); 55.3 mg; brown solid; m.p. 60-62 oC; [α]
20

D
 = -23.3 (c 1.0, CHCl3); it was purified by 

column chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 15/1). 1H NMR (400 

MHz, CDCl3) δ 7.88 – 7.86 (m, 2H), 7.51 – 7.45 (m, 1H), 7.41 (t, J = 7.4 Hz, 2H), 7.28 – 7.25 (m, 

2H), 6.82 (d, J = 8.7 Hz, 2H), 6.46 (d, J = 15.7 Hz, 1H), 6.05 – 5.97 (m, 1H), 3.89 (d, J = 11.5 Hz, 

1H), 3.81 (s, 3H), 3.79 (s, 3H), 3.45 (d, J = 11.5 Hz, 1H), 2.94 – 2.84 (m, 2H). 13C NMR (100 MHz, 

CDCl3) δ 173.0, 169.1, 159.0, 133.8, 132.8, 131.5, 129.8, 128.5, 128.4, 127.4, 121.1, 113.8, 88.4, 55.2, 

52.9, 41.3, 38.6. HRMS (ESI-TOF) Calcd. For C21H22NO3S
+

 ([M+H]+): 368.1315, found: 368.1308. 

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

AD-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm); tr = 20.4 and 23.1 min. 

 

Methyl (S, E)-4-(3-(4-chlorophenyl) allyl)-2-phenyl-4,5-dihydrothiazole-4-Carboxylate (5d): 

 

Yield (90%); 66.9 mg; yellow solid; m.p. 42-44 oC; [α]
20

D
 = -28.5 (c 0.8, CHCl3); it was purified by 

column chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 15/1). 1H NMR (400 

MHz, CDCl3) δ 7.88 (d, J = 7.3 Hz, 2H), 7.50 (t, J = 7.3 Hz, 1H), 7.42 (t, J = 7.5 Hz, 2H), 7.25 (d, J = 

4.0 Hz, 4H), 6.47 (d, J = 15.8 Hz, 1H), 6.19 – 6.11 (m, 1H), 3.89 (d, J = 11.5 Hz, 1H), 3.81 (s, 3H), 

3.43 (d, J = 11.5 Hz, 1H), 2.91 (d, J = 7.2 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 172.9, 169.3, 135.4, 

133.1, 133.0, 132.7, 131.6, 128.6, 128.51, 128.46, 127.4, 124.3, 88.1, 52.9, 41.3, 38.9. HRMS 

(ESI-TOF) Calcd. For C20H19ClNO2S
+ ([M+H]+): 372.0820, found: 372.0813. The product was 

analyzed by chiral 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 = 9.7 and 10.7 min. 

 

Methyl (S, E)-4-(3-(4-bromophenyl) allyl)-2-phenyl-4,5-dihydrothiazole-4-Carboxylate (5e): 
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Yield (92%); 76.6 mg; white solid; m.p. 74-76 oC; [α]
20

D
 = -24.3 (c 1.1, CHCl3); it was purified by 

column chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 15/1). 1H NMR (400 

MHz, CDCl3) δ 7.87 (d, J = 7.4 Hz, 2H), 7.49 (t, J = 7.3 Hz, 1H), 7.41 (t, J = 8.7 Hz, 4H), 7.19 (d, J = 

8.3 Hz, 2H), 6.45 (d, J = 15.8 Hz, 1H), 6.21 – 6.13 (m, 1H), 3.89 (d, J = 11.5 Hz, 1H), 3.82 (s, 3H), 

3.43 (d, J = 11.5 Hz, 1H), 2.90 (d, J = 7.3 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 172.9, 169.3, 

135.8, 133.1, 132.7, 131.7, 131.5, 128.53, 128.48, 127.8, 124.4, 121.2, 88.1, 53.0, 41.3, 38.9. HRMS 

(ESI-TOF) Calcd. For C20H19BrNO2S ([M+H]+): 416.0314, found: 416.0310. The product was 

analyzed by chiral HPLC to determine the enantiomeric excess: 97% ee (Chiralpak IE, i-propanol / 

hexane = 2/98, flow rate 1.0 mL/min, λ = 254 nm); tr = 10.5 and 11.6 min. 

 

Methyl (S, E)-2-phenyl-4-(3-(m-tolyl) allyl)-4,5-dihydrothiazole-4-carboxylate (5f): 

 

Yield (90%); 63.3 mg; white oil; [α]
20

D
 = -43.4 (c 0.53, CHCl3);

 it was purified by column 

chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 15/1). 1H NMR (400 MHz, 

CDCl3) δ 7.90 – 7.88 (m, 2H), 7.49 (t, J = 7.3 Hz, 1H), 7.42 (t, J = 7.4 Hz, 2H), 7.19 – 7.16 (m, 3H), 

7.04 (d, J = 7.1 Hz, 1H), 6.50 (d, J = 15.7 Hz, 1H), 6.20 – 6.12 (m, 1H), 3.91 (d, J = 11.5 Hz, 1H), 

3.83 (s, 3H), 3.46 (d, J = 11.5 Hz, 1H), 2.98 – 2.89 (m, 2H), 2.34 (s, 3H). 13C NMR (100 MHz, CDCl3) 

δ 173.0, 169.2, 138.1, 137.0, 134.6, 132.9, 131.6, 128.6, 128.5, 128.4, 128.3, 127.1, 123.5, 123.4, 88.4, 

53.0, 41.4, 38.8, 21.4. HRMS (ESI-TOF) Calcd. For C21H22NO2S
+ ([M+H]+): 352.1366, found: 

352.1359. The product was analyzed by chiral 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 = 9.3 and 10.6 min. 

 

Methyl (S, E)-4-(3-(3-methoxyphenyl) allyl)-2-phenyl-4,5-dihydrothiazole-4-Carboxylate (5g): 
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Yield (82%); 60.3 mg; white oil; [α]
20

D
 = -34.7 (c 0.5, CHCl3); it was purified by column 

chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 15/1). 1H NMR (400 MHz, 

CDCl3) 
1H NMR (400 MHz, CDCl3) δ 7.89 – 7.86 (m, 2H), 7.52 – 7.45 (m, 1H), 7.43 – 7.40 (m, 2H), 

7.22 (t, J = 7.9 Hz, 1H), 6.94 (d, J = 7.7 Hz, 1H), 6.87 – 6.86 (m, 1H), 6.78 (dd, J = 8.1, 2.4 Hz, 1H), 

6.50 (d, J = 15.7 Hz, 1H), 6.18 – 6.14 (m, 1H), 3.90 (d, J = 11.5 Hz, 1H), 3.82 (s, 3H), 3.79 (s, 3H), 

3.45 (d, J = 11.5 Hz, 1H), 2.93-2.91 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 172.9, 169.2, 159.7, 

138.5, 134.3, 132.8, 131.6, 129.4, 128.6, 128.5, 124.0, 119.0, 113.0, 111.7, 88.3, 55.2, 52.9, 41.3, 38.8. 

HRMS (ESI-TOF) Calcd. For C21H22NO3S
+

 ([M+H]+): 368.1315, found: 368.1309. The product was 

analyzed by chiral 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 = 15.3 and 18.2 min. 

 

Methyl (S, E)-4-(3-(3-chlorophenyl) allyl)-2-phenyl-4,5-dihydrothiazole-4-Carboxylate (5h): 

 

Yield (97%); 72.1 mg; white oil; [α]
20

D
 = -21.3 (c 0.4, CHCl3); it was purified by column 

chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 15/1). 1H NMR (400 MHz, 

CDCl3) δ 7.89 – 7.86 (m, 2H), 7.52 – 7.46 (m, 1H), 7.43 – 7.41 (m, 2H), 7.31 (s, 1H), 7.20 – 7.19 (m, 

3H), 6.46 (d, J = 15.8 Hz, 1H), 6.23 – 6.16 (m, 1H), 3.89 (d, J = 11.5 Hz, 1H), 3.82 (s, 3H), 3.42 (d, J 

= 11.5 Hz, 1H), 2.93 – 2.90 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 172.9, 169.3, 138.8, 134.4, 133.0, 

132.8, 131.7, 129.7, 128.6, 128.5, 127.4, 126.2, 125.3, 124.5, 88.2, 53.0, 41.3, 39.0. HRMS (ESI-TOF) 

Calcd. For C20H19ClNO2S
+

 ([M+H]+): 372.0820, found: 372.0813. The product was analyzed by chiral 

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 = 9.6 and 10.5 min. 

 

Methyl (S, E)-4-(3-(2-fluorophenyl) allyl)-2-phenyl-4,5-dihydrothiazole-4-Carboxylate (5i): 
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Yield (85%); 60.4 mg; brown oil; [α]
20

D
 = -18.0 (c 0.3, CHCl3); it was purified by column 

chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 15/1). 1H NMR (400 MHz, 

CDCl3) δ 7.89 – 7.87 (m, 2H), 7.48 (t, J = 7.3 Hz, 1H), 7.41 (t, J = 7.5 Hz, 3H), 7.24-7.12 (m, 1H), 

7.06-7.03 (m, 2H), 6.70 (d, J = 15.9 Hz, 1H), 6.29 – 6.21 (m, 1H), 3.91 (d, J = 11.5 Hz, 1H), 3.83 (s, 

3H), 3.46 (d, J = 11.5 Hz, 1H), 2.95 (d, J = 7.4 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 172.8, 169.2, 

159.9 (d, J = 249.9 Hz), 132.7, 131.6, 128.7 (d, J = 8.4 Hz), 128.5, 128.4, 127.2 (d, J = 3.7 Hz), 126.6 

(d, J = 3.8 Hz), 126.2 (d, J = 4.2 Hz), 124.8 (d, J = 12.4 Hz), 124.0 (d, J = 3.5 Hz), 115.5 (d, J = 22.1 

Hz), 88.2, 52.9, 41.6, 38.8. 19F NMR (376 MHz, CDCl3) δ -118.64 (s). HRMS (ESI-TOF) Calcd. For 

C20H19FNO2S
+

 ([M+H]+): 356.1115, found: 356.1111. The product was analyzed by chiral HPLC to 

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

mL/min, λ = 254 nm); tr = 9.9 and 12.2 min. 

 

Methyl (S, E)-4-(3-(3,4-dichlorophenyl) allyl)-2-phenyl-4,5-dihydrothiazole-4-Carboxylate (5j): 

 

Yield (95%); 77.2 mg; white oil; [α]
20

D
 = -15.6 (c 0.7, CHCl3); it was purified by column 

chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 15/1). 1H NMR (400 MHz, 

CDCl3) δ 7.89 – 7.86 (m, 2H), 7.52 – 7.46 (m, 1H), 7.42 – 7.38 (m, 3H), 7.36 – 7.32 (m, 1H), 7.14 (dd, 

J = 8.3, 2.0 Hz, 1H), 6.41 (d, J = 15.8 Hz, 1H), 6.23 – 6.15 (m, 1H), 3.88 (d, J = 11.5 Hz, 1H), 3.82 (s, 

3H), 3.41 (d, J = 11.5 Hz, 1H), 2.92-2.90 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 172.8, 169.4, 137.1, 

132.7, 132.6, 132.0, 131.7, 131.1, 130.4, 128.6, 128.5, 128.0, 125.9, 125.4, 88.1, 53.0, 41.3, 39.1. 

HRMS (ESI-TOF) Calcd. For C20H18Cl2NO2S ([M+H]+): 406.0430, found: 406.0424. The product 

was analyzed by chiral HPLC to determine the enantiomeric excess: 97% ee (Chiralpak IE, 

i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 254 nm); tr = 11.0 and 12.3 min. 

 

Methyl (S, E)-4-(3-(3,5-bis(trifluoromethyl) phenyl) allyl)-2-phenyl-4,5-dihydrothiazole-4- 
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carboxylate (5k): 

 

Yield (94%); 89.0 mg; brown soild; m.p. 50-52 oC; [α]
20

D
 = +9.4 (c 1.2, CHCl3); it was purified by 

column chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 15/1). 1H NMR (400 

MHz, CDCl3) δ 7.89 – 7.86 (m, 2H), 7.72 (d, J = 8.9 Hz, 3H), 7.51 – 7.47 (m, 1H), 7.42 (t, J = 7.4 Hz, 

2H), 6.60 – 6.56 (m, 1H), 6.43 – 6.36 (m, 1H), 3.90 (d, J = 11.5 Hz, 1H), 3.83 (s, 3H), 3.43 (d, J = 

11.6 Hz, 1H), 2.96 (d, J = 7.3 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 172.7, 169.6, 139.0, 132.6, 

131.8 (q, J = 33.3 Hz), 131.7, 131.6, 128.5, 128.3, 126.1 (d, J = 2.7 Hz), 123.3 (q, J = 273.8 Hz), 

120.83, 120.80, 120.76, 120.7, 87.9, 53.0, 41.3, 39.4. 19F NMR (376 MHz, CDCl3) δ -62.98 (s). 

HRMS (ESI-TOF) Calcd. For C22H18F6NO2S
+

 ([M+H]+): 474.0957, found: 474.0951. The product 

was analyzed by chiral HPLC to determine the enantiomeric excess: >99% ee (Chiralpak AS-H, 

i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 254 nm); tr = 4.4 and 5.0 min. 

 

Methyl (S, E)-4-(3-(3,5-dimethoxyphenyl) allyl)-2-phenyl-4,5-dihydrothiazole-4-carboxylate (5l): 

 

Yield (98%); 77.9 mg; brown oil; [α]
20

D
 = -27.6 (c 1.4, CHCl3); it was purified by column 

chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 15/1). 1H NMR (400 MHz, 

CDCl3) δ 7.88 – 7.86 (m, 2H), 7.52 – 7.44 (m, 1H), 7.41 (t, J = 7.4 Hz, 2H), 6.49-6.44 (m, 3H), 6.35 (t, 

J = 2.2 Hz, 1H), 6.19 – 6.12 (m, 1H), 3.89 (d, J = 11.5 Hz, 1H), 3.82 (s, 3H), 3.77 (s, 6H), 3.44 (d, J = 

11.5 Hz, 1H), 2.92-2.90 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 172.9, 169.3, 160.9, 139.1, 134.4, 

132.9, 131.7, 128.6, 128.5, 124.2, 104.5, 99.7, 88.3, 55.3, 53.0, 41.3, 38.9. HRMS (ESI-TOF) Calcd. 

For C22H24NO4S
+ ([M+H]+): 398.1421, found: 398.1416. The product was analyzed by chiral HPLC 

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

1.0 mL/min, λ = 254 nm); tr = 30.8 and 40.9 min. 



S9 
 

 

Methyl (S, E)-4-(3-(naphthalen-2-yl) allyl)-2-phenyl-4,5-dihydrothiazole-4-carboxylate (5m): 

 

Yield (88%); 68.2 mg; brown soild; m.p. 98-100 oC; [α]
20

D
 = -41.8 (c 1.3, CHCl3); it was purified by 

column chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 15/1). 1H NMR (400 

MHz, CDCl3) δ 7.90 – 7.87 (m, 2H), 7.76 (dd, J = 13.9, 5.4 Hz, 3H), 7.67 (s, 1H), 7.54 (dd, J = 8.5, 

1.5 Hz, 1H), 7.47 – 7.38 (m, 5H), 6.67 (d, J = 15.8 Hz, 1H), 6.33 – 6.26 (m, 1H), 3.91 (d, J = 11.5 Hz, 

1H), 3.82 (s, 3H), 3.47 (d, J = 11.5 Hz, 1H), 3.02 – 2.92 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 

173.0, 169.3, 134.6, 134.5, 133.6, 133.0, 132.9, 131.7, 128.7, 128.6, 128.2, 128.1, 128.0, 127.7, 126.3, 

126.1, 125.8, 124.1, 123.7, 88.5, 53.0, 41.6, 39.0. HRMS (ESI-TOF) Calcd. For C24H22NO2S
+ 

([M+H]+): 388.1366, found: 388.1363. The product was analyzed by chiral 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 = 13.8 and 16.5 min. 

 

Methyl (S, E)-4-(3-(furan-2-yl) allyl)-2-phenyl-4,5-dihydrothiazole-4-Carboxylate (5n): 

 

Yield (83%); 54.3 mg; white oil; [α]
20

D
 = -12.0 (c 0.7, CHCl3); it was purified by column 

chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 15/1). 1H NMR (400 MHz, 

CDCl3) δ 7.88 – 7.86 (m, 2H), 7.51 – 7.45 (m, 1H), 7.43 – 7.41 (m, 2H), 7.31 (d, J = 1.4 Hz, 1H), 6.35 

– 6.31 (m, 2H), 6.18 (d, J = 3.2 Hz, 1H), 6.14 – 6.06 (m, 1H), 3.90 (d, J = 11.5 Hz, 1H), 3.82 (s, 3H), 

3.43 (d, J = 11.5 Hz, 1H), 2.95 – 2.82 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 172.8, 169.2, 152.5, 

141.8, 132.9, 131.6, 128.6, 128.5, 122.8, 122.3, 111.2, 107.4, 88.4, 53.0, 41.1, 38.8. HRMS (ESI-TOF) 

Calcd. For C18H18NO3S
+

 ([M+H]+): 328.1002, found: 328.0997. The product was analyzed by chiral 

HPLC to determine the enantiomeric excess: 96% ee (Chiralpak IE, i-propanol/ hexane = 2/98, flow 

rate 1.0 mL/min, λ = 254 nm); tr = 10.7 and 12.3 min. 
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Methyl (S, E)-4-(but-2-en-1-yl)-2-phenyl-4,5-dihydrothiazole-4-carboxylate (5o): 

 

Yield (80%); 44.0 mg; white soild; m.p. 36-38 oC; [α]
20

D
 = -32.3 (c 1.1, CHCl3); it was purified by 

column chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 20/1). 1H NMR (400 

MHz, CDCl3) δ 7.86 – 7.84 (m, 2H), 7.46 (t, J = 7.3 Hz, 1H), 7.39 (t, J = 7.4 Hz, 2H), 5.64-5.56 (m, 

1H), 5.44 - 5.36 (m, 1H), 3.85 (d, J = 11.5 Hz, 1H), 3.80 (s, 3H), 3.38 (d, J = 11.4 Hz, 1H), 2.82 – 

2.59 (m, 2H), 1.68 – 1.66 (m, 3H). 13C NMR (100 MHz, CDCl3) δ 173.1, 168.7, 133.0, 131.5, 130.4, 

128.6, 128.5, 124.5, 88.6, 52.8, 41.0, 38.5, 18.1. HRMS (ESI-TOF) Calcd. For C15H18NO2S
+ 

([M+H]+): 276.1053, found: 276.1049. The product was analyzed by chiral HPLC to determine the 

enantiomeric excess: 84% ee (Chiralpak ID, i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 220 

nm); tr = 6.5 and 7.0 min. 

 

Methyl (S, E)-4-(hex-2-en-1-yl)-2-phenyl-4,5-dihydrothiazole-4-carboxylate (5q)： 

 

Yield (45%); 27.2 mg; white oil; [α]
20

D
 = -13.9 (c 0.6, CHCl3); it was purified by column 

chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 20/1). 1H NMR (400 MHz, 

Chloroform-d) δ 7.91 – 7.78 (m, 2H), 7.50 – 7.44 (m, 1H), 7.42-7.38 (m, 2H), 5.60-5.55 (m, 1H), 5.41 

– 5.36 (m, 1H), 3.87 (d, J = 11.5 Hz, 1H), 3.80 (s, 3H), 3.40 (d, J = 11.4 Hz, 1H), 2.75 – 2.67 (m, 2H), 

2.01 – 1.95 (m, 2H), 1.38-1.33 (m, 2H), 0.86 (t, J = 7.4 Hz, 3H). 13C NMR (100 MHz, Chloroform-d) 

δ 173.1, 168.7, 136.0, 133.0, 131.5, 128.6, 128.4, 123.4, 88.6, 52.8, 41.0, 38.5, 34.7, 22.5, 13.6. 

HRMS (ESI-TOF) Calcd. For C17H22NO2S
+ ([M+H]+): 304.1366, found: 304.1363. The product was 

analyzed by chiral HPLC to determine the enantiomeric excess: 83% ee (Chiralpak IE, 

i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 254 nm); tr = 6.5 and 7.4 min. 

 

Methyl (S, E)-4-(3-cyclohexylallyl)-2-phenyl-4,5-dihydrothiazole-4-carboxylate (5r): 
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Yield (48%); 32.9 mg; white oil; [α]
20

D
 = -16.3 (c 0.8, CHCl3); it was purified by column 

chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 20/1).1H NMR (400 MHz, 

Chloroform-d) δ 7.86 – 7.84 (m, 2H), 7.47 – 7.45 (m, 1H), 7.42 – 7.38 (m, 2H), 5.52-5.49 (m, 1H), 

5.35-5.33 (m, 1H), 3.86 (d, J = 11.5 Hz, 1H), 3.79 (s, 3H), 3.39 (d, J = 11.4 Hz, 1H), 2.70-2.64 (m, 

2H), 1.93-1.90 (m, 1H), 1.70 – 1.63 (m, 5H), 1.26 – 1.01 (m, 5H). 13C NMR (100 MHz, Chloroform-d) 

δ 173.1, 168.7, 142.1, 133.0, 131.5, 128.6, 128.4, 120.6, 88.7, 52.8, 41.1, 40.8, 38.3, 32.94, 32.93, 

26.1, 25.9. HRMS (ESI-TOF) Calcd. For C20H26NO2S
+ ([M+H]+): 344.1679, found: 344.1678. The 

product was analyzed by chiral HPLC to determine the enantiomeric excess: 69% ee (Chiralpak IE, 

i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 220 nm); tr = 6.8 and 8.2 min. 

 

Methyl (S, E)-2-(4-chlorophenyl)-4-cinnamyl-4,5-dihydrothiazole-4-carboxylate (5s): 

 

Yield (86%); 64.3 mg; yellow oil; [α]
20

D
 = -51.5 (c 0.8, CHCl3); it was purified by column 

chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 15/1). 1H NMR (400 MHz, 

Chloroform-d) δ 7.83 – 7.80 (m, 2H), 7.41 – 7.37 (m, 2H), 7.34 – 7.27 (m, 4H), 7.25 – 7.20 (m, 1H), 

6.52 (dd, J = 15.7, 1.4 Hz, 1H), 6.18-6.10 (m, 1H), 3.91 (d, J = 11.5 Hz, 1H), 3.82 (s, 3H), 3.47 (d, J = 

11.5 Hz, 1H), 2.93-2.90 (m, 2H). 13C NMR (100 MHz, Chloroform-d) δ 172.8, 168.0, 137.8, 137.0, 

134.6, 131.3, 129.9, 128.8, 128.5, 127.5, 126.3, 123.4, 88.4, 53.0, 41.4, 39.1. HRMS (ESI-TOF) Calcd. 

For C20H19ClNO2S
+ ([M+H]+): 372.0820, found: 372.0820. The product was analyzed by chiral HPLC 

to determine the enantiomeric excess: 97% ee (Chiralpak IE, i-propanol/hexane = 2/98, flow rate 1.0 

mL/min, λ = 254 nm); tr = 8.5 and 9.1 min. 

 

Methyl (S, E)-4-cinnamyl-2-(p-tolyl)-4,5-dihydrothiazole-4-carboxylate (5t): 
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Yield (96%); 67.5 mg; yellow oil; [α]
20

D
 = -41.2 (c 1.0, CHCl3); it was purified by column 

chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 20/1). 1H NMR (400 MHz, 

Chloroform-d) δ 7.77 – 7.75 (m, 2H), 7.34 – 7.26 (m, 4H), 7.23 – 7.18 (m, 3H), 6.54 – 6.49 (m, 1H), 

6.19 – 6.12 (m, 1H), 3.87 (d, J = 11.5 Hz, 1H), 3.81 (s, 3H), 3.43 (d, J = 11.4 Hz, 1H), 2.93-2.90 (m, 

2H), 2.39 (s, 3H). 13C NMR (100 MHz, Chloroform-d) δ 173.1, 169.1, 142.1, 137.1, 134.4, 130.2, 

129.2, 128.6, 128.5, 127.5, 126.3, 123.7, 88.3, 52.9, 41.4, 38.7, 21.5. HRMS (ESI-TOF) Calcd. For 

C20H19ClNO2S
+ ([M+H]+): 352.1366, found: 352.1374. The product was analyzed by chiral HPLC to 

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

mL/min, λ = 254 nm); tr = 10.4 and 11.6 min. 

 

III. General procedures for gram-scale reaction and synthetic transformation 

 

 

The preparation of Cu catalyst: A flame dried Schlenk tube was cooled to rt and filled with N2. 

To this flask were added (S,Sp)-
tBu-Phosferrox L2 (0.25 mmol, 5 mol %) and Cu(OTf)2 (0.25 mmol, 

5 mol %) were dissolved in 5 mL THF, and stirred at room temperature for about 0.5 h. 

The preparation of Pd catalyst: A flame dried Schlenk tube was cooled to rt and filled with N2. To 

this flask were added (S,Sp)-
tBu-Phosferrox L2 (0.25 mmol, 5 mol %) and [Pd(η3-allyl)Cl]2 (0.125 

mmol, 2.5 mol %), which were dissolved in 5 mL THF, and stirred at room temperature for about 0.5 

h. 

A flame dried Schlenk tube was cooled to rt and filled with N2. To this flask were added methyl 

2-phenyl-4,5-dihydrothiazole-4-carboxylate (5.0 mmol, 1.0 equiv), K2CO3 (5.0 mmol, 1.0 equiv), Cu 

catalyst (5 mol %) and Pd catalyst (5 mol %). The methyl cinnamyl carbonate (7.5 mmol, 1.5 equiv) 



S13 
 

was then added. The reaction mixture was stirred at room temperature for 24 h. The organic solvent 

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

mixture and the residue was purified by column chromatography on silica gel to give the allylation 

product 5e, which was then directly analyzed by chiral HPLC to determine the enantiomeric excess. 

 

 

LiAlH4 (52.8 mg, 1.4 mmol) was added slowly in parts to a stirred solution of 5a (1 mmol) in 

Et2O (10 mL). After 3 h, the reaction was completed (checked by TLC). Ethyl acetate was added, and 

then the mixture was washed with saturated aq. NaHCO3 (2×5 mL), H2O (2×5 mL), saturated aq. NaCl 

(2×5 mL), and dried with anhydrous Na2SO4. The residue was purified by column chromatography 

(eluent: petroleum ether/ethyl acetate = 10/1) to give the product 6 (282.0 mg, 91 %), as a yellow oil.5 

To a solution of compound 6 (76.4 mg, 0.247 mmol) in dry THF (20 mL) at 0 °C was added NIS 

(56 mg, 0.247 mmol) and I2 (63 mg, 0.247 mmol) in four portions during 30 min. After stirring for an 

additional 24 h at room temperature, the reaction was completed (checked by TLC). 10% aqueous 

Na2S2O3 (10 mL) was added to the reaction mixture and extracted with EtOAc (3×20 mL). The 

combined organic layer was dried over Na2SO4 and concentrated under reduced pressure to obtain a 

residue that was subjected to column chromatography (eluent: petroleum ether/ethyl acetate = 30/1) to 

afford compound 7 (38.7 mg, 36%) as a yellow solid.6 

   

(S)-(4-cinnamyl-2-phenyl-4,5-dihydrothiazol-4-yl)methanol (6): 

 

Yield (91%); 282 mg; yellow oil; [α]
20

D
 = -55.6 (c 0.5, CHCl3); it was purified by column 

chromatography on silica gel (eluent: petroleum ether: ethyl acetate = 10:1). 1H NMR (400 MHz, 

CDCl3) δ 7.82 – 7.80 (m, 2H), 7.50 – 7.45 (m, 1H), 7.42 – 7.38 (m, 2H), 7.35 - 7.27 (m, 4H), 7.23 – 

7.19 (m, 1H), 6.52 (d, J = 15.8 Hz, 1H), 6.25 – 6.17 (m, 1H), 3.97 (d, J = 11.1 Hz, 1H), 3.68 (d, J = 
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11.1 Hz, 1H), 3.42 (d, J = 11.0 Hz, 1H), 3.28 (d, J = 11.0 Hz, 1H), 2.72-2.59 (m, 2H). 13C NMR (100 

MHz, CDCl3) δ 168.7, 137.3, 133.8, 133.0, 131.4, 128.54, 128.50, 128.4, 127.3, 126.2, 124.6, 86.6, 

67.9, 39.6, 37.2. HRMS (ESI-TOF) Calcd. For C19H20NOS+ ([M+H]+): 310.1260, found: 310.1255. 

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

ID, i-propanol/hexane = 2/98, flow rate 1.0 mL/min, λ = 254 nm); tr = 15.2 and 24.1 min. 

 

(S)-8-(iodo(phenyl)methyl)-2-phenyl-7-oxa-3-thia-1-azaspiro[4.4]non-1-ene (7): 

 

Yield (36%); 38.7 mg; yellow solid; m.p. 42-44 oC; [α]
20

D
 = +14.0 (c 0.9, CHCl3); it was purified by 

column chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 30/1). 1H NMR (400 

MHz, CDCl3) δ 8.04 – 8.02 (m, 2H), 7.57 (t, J = 7.4 Hz, 1H), 7.47 -7.41 (m, 4H), 7.34 – 7.32 (m, 3H), 

4.45 – 4.32 (m, 3H), 4.02 (dd, J = 9.9, 1.6 Hz, 1H), 3.39 (d, J = 13.2 Hz, 1H), 3.09 (d, J = 13.2 Hz, 

1H), 2.80 – 2.78 (m, 1H), 2.38 (dd, J = 13.9, 10.3 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 166.2, 

138.8, 133.4, 129.6, 129.5, 128.54, 128.52, 128.4, 127.4, 71.6, 68.9, 64.0, 49.9, 46.1, 27.1. HRMS 

(ESI-TOF) Calcd. For C19H18NOS+ ([M-I]+): 309.1181, found: 309.1149.  

 

 

The preparation of Cu catalyst: A flame dried Schlenk tube was cooled to rt and filled with N2. To 

this flask were added (S,Sp)-
tBu-Phosferrox L2 (0.05 mmol, 5 mol %) and Cu(OTf)2 (0.05 mmol, 5 

mol %) were dissolved in 5 mL THF, and stirred at room temperature for about 0.5 h. 

The preparation of Pd catalyst: A flame dried Schlenk tube was cooled to rt and filled with N2. To 
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this flask were added (S,Sp)-
tBu-Phosferrox L2 (0.05 mmol, 5 mol %) and [Pd(η3-allyl)Cl]2 (0.025 

mmol, 2.5 mol %), which were dissolved in 5 mL THF, and stirred at room temperature for about 0.5 

h. 

A flame dried Schlenk tube was cooled to rt and filled with N2. To this flask were added 1b (1.0 

mmol, 1.0 equiv), K2CO3 (1.0 mmol, 1.0 equiv), Cu catalyst (5 mol %) and Pd catalyst (5 mol %). The 

methyl cinnamyl carbonate (1.5 mmol, 1.5 equiv) was then added. The reaction mixture was stirred at 

room temperature for 24 h. The organic solvent was removed by rotary evaporation. The dr value was 

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

chromatography to give the allylation product 5p (246.0 mg, 65%), which was then directly analyzed 

by HPLC to determine the enantiomeric excess. 

5p (246 mg, 0.65 mmol, 1.0 equiv) was dissolved in DCM and TFA was added (3:1 v/v, 0.2 M). 

The reaction was stirred at 25 °C for 2 hours and concentrated under reduced pressure to obtain crude 

residue 8, it was used in the next reaction without further purification.7 

To a solution of 8 (0.65 mmol, 1.0 equiv) in MeCN (15 mL), were added NaHCO3 (0.78 mmol, 

1.2 equiv), I2 (0.78 mmol, 1.2 equiv), KI (0.78 mmol, 1.2 equiv) at 0 °C, after stirring for 2 h, the 

reaction mixture was allowed to warm to room temperature and stirred for 10 h. The reaction was 

quenched with saturated aqueous Na2S2O3 solution (20 mL) and diluted with EtOAc (25 mL). The 

organic layer was separated and the aqueous layer extracted with EtOAc (2×25 mL). The combined 

organic layers were dried over anhydrous Na2SO4 and concentrated under reduced pressure. The crude 

residue was purified by silica gel column chromatography (eluent: petroleum ether/ethyl acetate = 

40/1) to obtain the 9 (113.0mg, 39%, dr = 16:1) and 10 (102.0 mg, 36%, dr = 16:1) as a yellow solid.8 

 

Tert-butyl (S)-4-cinnamyl-2-phenyl-4,5-dihydrothiazole-4-carboxylate (5p): 

 

Yield (65%); 246.0 mg; yellow oil; [α]
20

D
 = -13.4 (c 1.4, CHCl3); it was purified by column 

chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 50/1). 1H NMR (400 MHz, 

CDCl3) δ 7.89 – 7.87 (m, 2H), 7.48 – 7.42 (m, 1H), 7.41 – 7.36 (m, 2H), 7.35 – 7.30 (m, 2H), 7.30 – 

7.25 (m, 2H), 7.22 – 7.15 (m, 1H), 6.52 (d, J = 15.8 Hz, 1H), 6.26 – 6.18 (m, 1H), 3.82 (d, J = 11.4 Hz, 
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1H), 3.39 (d, J = 11.4 Hz, 1H), 2.93 – 2.84 (m, 2H), 1.49 (s, 9H).
 13C NMR (100 MHz, CDCl3) δ 

171.3, 168.5, 137.2, 134.0, 133.1, 131.4, 128.6, 128.5, 128.4, 127.4, 126.3, 124.3, 88.7, 82.2, 41.4, 

39.1, 28.1. HRMS (ESI-TOF) Calcd. For C23H26NO2S
+ ([M+H]+): 380.1679, found: 380.1672. The 

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

i-propanol/hexane = 1/99, flow rate 1.0 mL/min, λ = 254 nm); tr = 5.8 and 6.8 min. 

 

(S)-8-(iodo(phenyl)methyl)-2-phenyl-7-oxa-3-thia-1-azaspiro[4.4]non-1-en-6-one (9): 

 

Yield (39%); 113.0 mg; yellow solid; m.p. 110-112 oC; [α]
20

D
 = +38.4 (c 0.8, CHCl3); it was purified 

by column chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 40/1). 1H NMR (400 

MHz, CDCl3) δ 7.84 – 7.82 (m, 2H), 7.50 – 7.46 (m, 3H), 7.43 -7.40 (m, 2H), 7.36 – 7.29 (m, 3H), 

5.24 – 5.16 (m, 2H), 4.01 (d, J = 11.2 Hz, 1H), 3.34 (d, J = 11.2 Hz, 1H), 2.98 – 2.94 (m, 1H), 2.20 – 

2.15 (m, 1H). 13C NMR (100 MHz, CDCl3) δ 174.4, 170.7, 139.2, 132.2, 132.0, 129.0, 128.8, 128.7, 

128.6, 128.2, 85.9, 80.6, 45.0, 38.4, 33.5. HRMS (ESI-TOF) Calcd. For C19H17INO2S
+ ([M+H]+): 

450.0019, found: 450.0011. 

 

(S)-9-iodo-2,8-diphenyl-7-oxa-3-thia-1-azaspiro[4.5]dec-1-en-6-one (10): 

 

Yield (35%); 102.0 mg; yellow solid; m.p. 110-112 oC; [α]
20

D
 = -94.4 (c 0.5, CHCl3); it was purified 

by column chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 40/1). 1H NMR (400 

MHz, CDCl3) δ 7.88 – 7.86 (m, 2H), 7.53 – 7.51 (m, 1H), 7.49 – 7.45 (m, 4H), 7.35 – 7.29 (m, 3H), 

5.52 (d, J = 10.0 Hz, 1H), 5.17 – 5.12 (m, 1H), 3.87 (d, J = 11.2 Hz, 1H), 3.44 (d, J = 11.6 Hz, 1H), 

2.90 – 2.76 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 175.2, 171.4, 139.5, 132.1, 128.9, 128.8, 128.7, 

128.2, 84.2, 80.3, 42.2, 40.0, 33.8. HRMS (ESI-TOF) Calcd. For C19H17INO2S
+ ([M+H]+): 450.0019, 

found: 450.0014. 
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IV. Absolute configuration determination of (S, E)-5e  

 

In a 10 mL oven-dried glass sample vial, 10 mg pure 5e and 0.1 mL CH3OH were added, and then 4 

mL n-hexane was slowly added to the solution, which was sealed with perforated paper at room 

temperature to grow crystals. 

 

Bond precision:    C-C = 0.0041 A           Wavelength = 1.54184 

Cell:             a = 7.6819 (1)      b = 5.8950 (1)      c = 20.1743 (1) 

alpha = 90      beta = 91.416 (1)      gamma = 90 

Temperature:      100 K 

Calculated          Reported 

Volume                          913.31 (2)          913.31 (2) 

Space group                       P 21              P 1 21 1 

Hall group                        P 2yb             P 2yb 

Moiety formula               C20 H18 Br N O2 S      C20 H18 Br N O2 S 

Sum formula                 C20 H18 Br N O2 S      C20 H18 Br N O2 S 

Mr                             416.31             416.32 

Dx, g cm-3                       1.514              1.514 

Z                                2                  2 

Mu (mm-1)                       4.240               4.240 

F000                            424.0               424.0 

F000’                            424.26 

h,k,lmax                          9,7,25              9,7,25 

Nref                             3699[ 2039]          3585 

Tmin,Tmax                       0.489,0.809           0.548,1.000 

Tmin’                            0.267 

Correction method = # Reported    T    Limits: Tmin = 0.548    Tmax = 1.000 
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AbsCorr = MULTI-SCAN 

Data completeness = 1.76/0.97                Theta(max) = 73.736 

R(reflections) = 0.0213( 3567)                wR2(reflections) = 0.0579( 3585) 

S = 1.080                                  Npar= 227 
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VI. 1H NMR and 13C NMR spectra 

 

1H NMR (400 MHz, CDCl3) 

 

 

13C NMR (100 MHz, CDCl3)
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1H NMR (400 MHz, CDCl3) 

 

 

13C NMR (100 MHz, CDCl3)
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1H NMR (400 MHz, CDCl3) 

 

 

13C NMR (100 MHz, CDCl3)
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1H NMR (400 MHz, CDCl3) 

 

 

13C NMR (100 MHz, CDCl3)
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1H NMR (400 MHz, CDCl3) 

 

 

13C NMR (100 MHz, CDCl3)
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1H NMR (400 MHz, CDCl3) 

 

 

13C NMR (100 MHz, CDCl3)
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1H NMR (400 MHz, CDCl3) 

 

 

13C NMR (100 MHz, CDCl3)
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1H NMR (400 MHz, CDCl3) 

 

 

13C NMR (100 MHz, CDCl3)
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1H NMR (400 MHz, CDCl3) 

 

 

13C NMR (100 MHz, CDCl3)
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19F NMR (376 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 

13C NMR (100 MHz, CDCl3)
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1H NMR (400 MHz, CDCl3) 

 

 

13C NMR (100 MHz, CDCl3)
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19F NMR (376 MHz, CDCl3)



S32 
 

 

1H NMR (400 MHz, CDCl3) 

 

 

13C NMR (100 MHz, CDCl3)



S33 
 

 

1H NMR (400 MHz, CDCl3) 

 

 

13C NMR (100 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 

13C NMR (100 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 

13C NMR (100 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 

13C NMR (100 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 
13C NMR (100 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 
13C NMR (100 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 

13C NMR (100 MHz, CDCl3)
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1H NMR (400 MHz, CDCl3) 

 

 

13C NMR (100 MHz, CDCl3)
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1H NMR (400 MHz, CDCl3) 

 

 

13C NMR (100 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 

13C NMR (100 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 

 

 

13C NMR (100 MHz, CDCl3)
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1H NMR (400 MHz, CDCl3) 

 

 

13C NMR (100 MHz, CDCl3) 
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VII. HPLC spectra 
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