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General Information. NMR spectra were taken with an Agilent-400 spectrometer 

(400 MHz for 1H NMR, 100 MHz for 13C NMR, and 376 MHz for 19F NMR) in 

CDCl3. Chemical shifts for 1H NMR and 13C NMR were recorded in ppm in relative 

to the TMS in CDCl3, and those for 19F NMR were recorded in ppm in relative to the 

CFCl3 as internal standard, and coupling constants were reported in Hz. All reactions 

were carried out in flame-dried Schlenk tube under argon atmosphere. 

Pd2(dba)3·CHCl3 was purchased from Alfa Aesar; (R,R)-ANDEN-Phenyl Trost ligand 

(L10) used in Scheme 1, Table 1-2 (except entry 13, Table 2), and Table S3-S4 was 

purchased from Sigma-Aldrich; (R,R)-ANDEN-Phenyl Trost ligand (L10) used in 

Table 3 and Table S5-S6 was synthesized according to the literature,[1] and the chiral 

material (11R,12R)-9,10-dihydro-9,10-ethanoanthracene-11,12-diamine (> 99% ee) 

used in reaction was purchased from AstaTech Pharmaceutical Co., Ltd. (Chengdu, 

China). Aryl iodides were all commercially available used as received except 

iodobenzene, which was distilled before used. Cesium carbonate and 

5-chloro-1H-indole were purchased from Sun Chemical Technology Co., Ltd 

(Shanghai, China) and used as received. CuI and diethylamine were purchased from 

Sinopharm Chemical Reagent Co., Ltd (Shanghai, China) and used as received. 

Benzene and 1,4-dioxane were dried over sodium wire with benzophenone as the 

indicator and distilled freshly before use. All the temperatures are referred to the oil 

baths used. N-(Buta-2,3-dienyl)amide[2a] and racemic oxazolines[2b] were synthesized 

according to the reported procedures. 
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Scheme S1. Other ligands studied in the palladium-catalyzed asymmetric coupling-cyclization 

reaction of N-(buta-2,3-dienyl)amide 1a with iodobenzene 2a. Experiments were performed with 

1a (0.5 mmol), 2a (0.6 mmol), Pd2(dba)3·CHCl3 (0.0125 mmol), ligand (0.0375 mmol), and 

K2CO3 (1.0 mmol) in DCE (5 mL) for 23 h at 80 oC under Ar atmosphere. The yield of 3aa and 

recovery of 1a were determined by 1H NMR analysis using 1,3,5-trimethylbenzene as the internal 

standard. The ee values were determined by HPLC analysis. n.d.= not determine. [a] 0.0625 mmol 

of ligand was used. 
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Table S1. Other bases studied in the palladium-catalyzed asymmetric 
coupling-cyclization reaction of N-(buta-2,3-dienyl)amide 1a with iodobenzene 2a.[a] 

 

Entry Base Time (h) 3aa Recovery of 1a 

(%)[b] Yield (%)[b] ee (%)[c] 

1 Li2CO3 22.5 - - 80 

2 NaHCO3 23 35 47 61 

3 KHCO3 23 35 50 54 

4 LiF 22.6 - - 81 

5 NaF 22.6 - - 79 

6 KF 22.3 29 10 56 

7 CsF 22.3 35 13 46 

8 K2HPO4 23 9 n.d.[d] 73 

9 KH2PO4 23 - - 80 

10 NaOtBu 23 7 n.d.[d] 65 

11 KOtBu 22.8 - - 79 

12 NaOMe 22.8 16 n.d.[d] 59 

13 NaOEt 23 13 n.d.[d] 61 

14 NaOiPr 23 25 43 51 

15 TMEDA 23 6 n.d.[d] 66 

16 DMAP 23 - - 48 

17 DBU 23 - - 41 

18 DABCO 23 - - 78 

[a] Experiments were performed with 1a (0.2 mmol), 2a (0.24 mmol), Pd2(dba)3·CHCl3 (0.005 

mmol), L10 (0.015 mmol), and base (0.4 mmol) in DCE (2 mL) at 80 oC under Ar atmosphere. [b] 

The yield and recovery were determined by 1H NMR analysis using 1,3,5-trimethylbenzene as the 

internal standard. [c] The ee values were determined by HPLC analysis. [d] n.d.= not determined. 
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Table S2. Other solvents studied in the palladium-catalyzed asymmetric 
coupling-cyclization reaction of N-(buta-2,3-dienyl)amide 1a with iodobenzene 2a.[a] 

 

Entry Solvent Temp. (oC) 3aa Recovery of 1a 

(%)[b] Yield (%)[b] ee (%)[c] 

1 CHCl3 70 9 n.d.[d] 60 

2 CCl4 80 - - 63 

3 CHCl2CHCl2 80 - - 79 

4 CH2BrCH2Br 80 55 7 7 

5 n-Hexane 70 61 26 10 

6  tBuOH  80 68 39 3 

7 DMF 80 75 3 7 

8 DMSO 80 62 0 - 

9 NMP 80 62 0 - 

10 CH3NO2 80 - - 54 

11 CH3CN 80 55 14 39 

12 EtOAc 80 78 57 3 

13 TEA 80 48 60 7 

[a] Experiments were performed with 1a (0.2 mmol), 2a (0.24 mmol), Pd2(dba)3·CHCl3 (0.005 

mmol), L10 (0.015 mmol), and Cs2CO3 (0.4 mmol) in solvent (2 mL) for 23 h under Ar 

atmosphere. [b] The yield and recovery were determined by 1H NMR analysis using 

1,3,5-trimethylbenzene as the internal standard. [c] The ee values were determined by HPLC 

analysis. d n.d.= not determined. 
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Table S3. Studies of solvent and temperature in the palladium-catalyzed asymmetric 
coupling-cyclization reaction of N-(buta-2,3-dienyl)amide 1a with iodobenzene 2a.[a] 

 

Entry Solvent Temp. (oC) Time (h) (S)-3aa Recovery of 1a 

(%)[b] Yield (%)[b] ee (%)[c] 

1 c-Hexane 90 16 84 85 - 

2 PhF 90 19.5 87 86 - 

3 o-Xylene 90 16 85 88 - 

4 m-Xylene 90 16 80 90 - 

5 p-Xylene 90 16 86 90 - 

6 Benzene 90 24 81 92 - 

7 Benzene 85 24 82 90 4 

8 Benzene 80 24 82 91 4 

9 Benzene 75 41 79 90 2 

10 Benzene 70 44 77 91 8 

[a] Experiments were performed with 1a (0.5 mmol), 2a (1.0 mmol), Pd2(dba)3·CHCl3 (0.0125 

mmol), L10 (0.0375 mmol), and Cs2CO3 (1.0 mmol) in solvent (4 mL) at 90 oC under Ar 

atmosphere. [b] The yield and recovery were determined by 1H NMR analysis using 

1,3,5-trimethylbenzene as the internal standard. [c] The ee values were determined by HPLC 

analysis.  
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Table S4. Concentration effect in the palladium-catalyzed asymmetric 
coupling-cyclization reaction of N-(buta-2,3-dienyl)amide 1a with iodobenzene 2a.[a] 

 

Entry Benzene (mL) Time (h) (S)-3aa Recovery of 1a 

(%)[b] Yield (%)[b] ee (%)[c] 

1 2 24 85 91 - 

2 3 24 77 92 - 

3 5 24 87 93 3 

4 6 24 81 94 5 

5 6 39 90 (83[d]) 94 - 

6 7 30 87 94 5 

7 8 30 82 94 8 

[a] Experiments were performed with 1a (0.5 mmol), 2a (1.0 mmol), Pd2(dba)3·CHCl3 (0.0125 

mmol), L10 (0.0375 mmol), and Cs2CO3 (1.0 mmol) in benzene at 90 oC under Ar atmosphere. [b] 

The yield and recovery were determined by 1H NMR analysis using 1,3,5-trimethylbenzene as the 

internal standard. [c] The ee values were determined by HPLC analysis. [d] Isolated yield. 
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Experimental details and analytical data 

(1) (S)-2-Phenyl-5-(1-phenylvinyl)-4,5-dihydrooxazole ((S)-3aa) (Table 3) 

(lhw-13-145) 

 

Typical Procedure I: After the Schlenk tube containing Cs2CO3 (326.3 mg, 1.0 mmol) 

was dried for 3 minutes with a heating gun under vacuum and filled with argon, 

Pd2(dba)3·CHCl3 (12.9 mg, 0.0125 mmol), (R,R)-ANDEN-Phenyl Trost ligand (L10) 

(30.9 mg, 0.0380 mmol), and 1a (86.1 mg, 0.5 mmol) were added sequentially. After 

replacing air with argon for three times under vacuum, 2a (210.0 mg, 1.0 

mmol)/benzene (6.0 mL) was added. The resulting mixture was stirred for 0.5 h at rt 

and then transferred to oil bath preheated at 90 oC. When the reaction was complete as 

monitored by TLC, the mixture was filtrated through a short pad of silica gel with 

Et2O (25 mL) as eluent. After removal of the solvent under vacuum, the residue was 

purified by flash chromatography on silica gel to afford (S)-3aa (103.4 mg, 83%) 

(eluent: petroleum ether (b.p. 30-60 oC)/ethyl acetate = 15/1 to 10/1) as a liquid: 94% 

ee (HPLC conditions: PC-2 column, hexane/i-PrOH = 90/10, 1.0 mL/min, λ = 214 nm, 

tR (minor) = 13.6 min, tR (major) = 10.7 min); [α]20
D = +200.6 (c = 1.02, CHCl3); 

1H 

NMR (400 MHz, CDCl3) δ = 8.05-7.99 (m, 2 H, Ar-H), 7.54-7.47 (m, 1 H, Ar-H), 

7.47-7.41 (m, 2 H, Ar-H), 7.40-7.28 (m, 5 H, Ar-H), 5.64-5.57 (m, 1 H, OCH), 5.46 (s, 

1 H, one proton in =CH2), 5.42 (s, 1 H, one proton in =CH2), 4.29 (dd, J1 = 15.0 Hz, 

J2 = 10.6 Hz, 1 H, one proton in NCH2), 3.80 (dd, J1 = 15.0 Hz, J2 = 7.8 Hz, 1 H, one 

proton in NCH2); 
13C NMR (100 MHz, CDCl3) δ = 163.8, 146.8, 137.9, 131.4, 128.6, 

128.4, 128.2, 128.1, 127.6, 126.5, 112.4, 80.0, 61.0; IR (neat, cm-1): 1651, 1495, 1448, 

1330, 1255, 1081, 1061, 1024; MS (70 eV, EI) m/z (%): 250 (M++1, 6.07), 249 (M+, 

32.02), 117 (100); HRMS Calcd for C17H15NO (M+): 249.1154, Found: 249.1151. 

 

The following compounds (S)-3ba to (S)-3la, and (S)-3ab to (S)-3an were 
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prepared according to this Typical Procedure I. 

 

(2) (S)-2-(2-Methylphenyl)-5-(1-phenylvinyl)-4,5-dihydrooxazole ((S)-3ba) (Table 

3) (lhw-13-173) 

 

The reaction of Pd2(dba)3·CHCl3 (12.8 mg, 0.0124 mmol), L10 (30.8 mg, 0.0379 

mmol), Cs2CO3 (326.1 mg, 1.0 mmol), 1b (93.9 mg, 0.5 mmol), and 2a (205.8 mg, 

1.0 mmol) in benzene (4.0 mL) afforded (S)-3ba (84.5 mg, 64%) (eluent: petroleum 

ether (b.p. 30-60 oC)/ethyl acetate = 30/1 to 20/1) as a liquid: 93% ee (HPLC 

conditions: OJ-H column, hexane/i-PrOH = 95/5, 1.0 mL/min, λ = 214 nm, tR (minor) 

= 20.4 min, tR (major) = 16.2 min); [α]20
D = +161.9 (c = 1.03, CHCl3); 

1H NMR (400 

MHz, CDCl3) δ = 7.90 (d, J = 7.6 Hz, 1 H, Ar-H), 7.41-7.29 (m, 6 H, Ar-H), 7.28-7.21 

(m, 2 H, Ar-H), 5.59-5.52 (m, 1 H, OCH), 5.45 (s, 1 H, one proton in =CH2), 5.43 (s, 

1 H, one proton in =CH2), 4.33 (dd, J1 = 14.8 Hz, J2 = 10.4 Hz, 1 H, one proton in 

NCH2), 3.85 (dd, J1 = 15.0 Hz, J2 = 7.8 Hz, 1 H, one proton in NCH2), 2.61 (s, 3 H, 

CH3); 
13C NMR (100 MHz, CDCl3) δ = 164.2, 147.0, 138.9, 138.1, 131.3, 130.6, 

129.8, 128.6, 128.1, 126.9, 126.6, 125.6, 112.5, 79.3, 61.4, 21.9; IR (neat, cm-1): 1644, 

1494, 1323, 1244, 1042; MS (70 eV, EI) m/z (%): 264 (M++1, 16.64), 263 (M+, 73.79), 

130 (100); HRMS Calcd for C18H17NO (M+): 263.1310, Found: 263.1312. 

 

(3) (S)-2-(4-Methylphenyl)-5-(1-phenylvinyl)-4,5-dihydrooxazole ((S)-3ca) (Table 

3) (lhw-13-172) 

 

The reaction of Pd2(dba)3·CHCl3 (13.0 mg, 0.0126 mmol), L10 (30.7 mg, 0.0378 

mmol), Cs2CO3 (325.9 mg, 1.0 mmol), 1c (94.3 mg, 0.5 mmol), and 2a (203.9 mg, 1.0 
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mmol) in benzene (6.0 mL) afforded (S)-3ca (100.7 mg, 76%) (eluent: petroleum 

ether (b.p. 30-60 oC)/ethyl acetate = 20/1 to 10/1) as a solid: M.P. 86-88 oC (petroleum 

ether/ethyl acetate); 96% ee (HPLC conditions: OZ-H column, hexane/i-PrOH = 95/5, 

1.0 mL/min, λ = 214 nm, tR (minor) = 19.4 min, tR (major) = 14.3 min); [α]20
D = 

+202.2 (c = 1.00, CHCl3); 
1H NMR (400 MHz, CDCl3) δ = 7.91 (d, J = 8.0 Hz, 2 H, 

Ar-H), 7.41-7.28 (m, 5 H, Ar-H), 7.28-7.21 (m, 2 H, Ar-H), 5.63-5.55 (m, 1 H, OCH), 

5.45 (s, 1 H, one proton in =CH2), 5.41 (s, 1 H, one proton in =CH2), 4.27 (dd, J1 = 

14.6 Hz, J2 = 10.2 Hz, 1 H, one proton in NCH2), 3.78 (dd, J1 = 14.4 Hz, J2 = 7.6 Hz, 

1 H, one proton in NCH2), 2.41 (s, 3 H, CH3); 
13C NMR (100 MHz, CDCl3) δ = 163.9, 

146.9, 141.8, 138.0, 129.1, 128.6, 128.14, 128.06, 126.6, 124.8, 112.4, 79.9, 61.0, 

21.6; IR (neat, cm-1): 1648, 1328, 1255, 1177, 1076; MS (70 eV, EI) m/z (%): 264 

(M++1, 6.56), 263 (M+, 32.94), 131 (100); Anal. Calcd for C18H17NO: C 82.10, H 

6.51, N 5.32; Found: C 82.09, H 6.45, N 5.19. 

 

(4) (S)-2-(4-Methoxyphenyl)-5-(1-phenylvinyl)-4,5-dihydrooxazole ((S)-3da) 

(Table 3) (lhw-13-177) 

 

The reaction of Pd2(dba)3·CHCl3 (12.8 mg, 0.0124 mmol), L10 (30.9 mg, 0.0380 

mmol), Cs2CO3 (325.8 mg, 1.0 mmol), 1d (101.8 mg, 0.5 mmol), and 2a (208.8 mg, 

1.0 mmol) in benzene (6.0 mL) afforded (S)-3da (115.3 mg, 82%) (eluent: petroleum 

ether (b.p. 60-90 oC)/ethyl acetate = 10/1 to 5/1) as a solid: M.P. 85-86 oC (petroleum 

ether/ethyl acetate); 94% ee (HPLC conditions: PC-2 column, hexane/i-PrOH = 80/20, 

1.0 mL/min, λ = 214 nm, tR (minor) = 12.7 min, tR (major) = 8.7 min); [α]20
D = 

+193.7 (c = 1.03, CHCl3); 
1H NMR (400 MHz, CDCl3) δ = 7.99-7.93 (m, 2 H, Ar-H), 

7.40-7.29 (m, 5 H, Ar-H), 6.95 (dt, J1 = 9.3 Hz, J2 = 2.4 Hz, 2 H, Ar-H), 5.62-5.55 (m, 

1 H, OCH), 5.45 (s, 1 H, one proton in =CH2), 5.41 (s, 1 H, one proton in =CH2), 4.27 

(dd, J1 = 14.6 Hz, J2 = 10.2 Hz, 1 H, one proton in NCH2), 3.86 (s, 3 H, OCH3), 3.77 
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(dd, J1 = 14.4 Hz, J2 = 7.2 Hz, 1 H, one proton in NCH2); 
13C NMR (100 MHz, 

CDCl3) δ = 163.6, 162.1, 146.9, 138.0, 129.9, 128.6, 128.1, 126.5, 120.1, 113.7, 112.4, 

79.9, 61.0, 55.4; IR (neat, cm-1): 1651, 1510, 1248, 1168, 1075, 1027; MS (70 eV, EI) 

m/z (%): 280 (M++1, 7.10), 279 (M+, 36.83), 147 (100); Anal. Calcd for C18H17NO2: 

C 77.40, H 6.13, N 5.01; Found: C 77.09, H 6.22, N 4.77. 

(5) (S)-2-(4-Flurophenyl)-5-(1-phenylvinyl)-4,5-dihydrooxazole ((S)-3ea) (Table 3) 

(lhw-13-150) 

 

The reaction of Pd2(dba)3·CHCl3 (13.0 mg, 0.0126 mmol), L10 (31.0 mg, 0.0381 

mmol), Cs2CO3 (327.9 mg, 1.0 mmol), 1e (95.1 mg, 0.5 mmol), and 2a (206.3 mg, 1.0 

mmol) in benzene (6.0 mL) afforded (S)-3ea (117.4 mg, 88%) (eluent: petroleum 

ether (b.p. 60-90 oC)/ethyl acetate = 15/1 to 10/1) as a liquid: 92% ee (HPLC 

conditions: OZ-H column, hexane/i-PrOH = 95/5, 1.0 mL/min, λ = 214 nm, tR (minor) 

= 12.9 min, tR (major) = 11.0 min); [α]20
D = +182.4 (c = 1.02, CHCl3); 

1H NMR (400 

MHz, CDCl3) δ = 8.05-7.98 (m, 2 H, Ar-H), 7.40-7.29 (m, 5 H, Ar-H), 7.12 (t, J = 8.6 

Hz, 2 H, Ar-H), 5.61 (t, J = 9.2 Hz, 1 H, OCH), 5.46 (s, 1 H, one proton in =CH2), 

5.40 (s, 1 H, one proton in =CH2), 4.28 (dd, J1 = 14.4 Hz, J2 = 10.0 Hz, 1 H, one 

proton in NCH2), 3.79 (dd, J1 = 14.6 Hz, J2 = 8.2 Hz, 1 H, one proton in NCH2); 
13C 

NMR (100 MHz, CDCl3) δ = 164.7 (d, J = 250.4 Hz), 162.9, 146.7, 137.8, 130.4 (d, J 

= 9.4 Hz), 128.6, 128.1, 126.5, 123.9 (d, J = 3.3 Hz), 115.6 (d, J = 22.0 Hz), 112.5, 

80.2, 61.0; 19F NMR (376 MHz, CDCl3) -108.53; IR (neat, cm-1): 1652, 1605, 1508, 

1224, 1153, 1068; MS (70 eV, EI) m/z (%): 268 (M++1, 6.47), 267 (M+, 32.98), 135 

(100); HRMS Calcd for C17H14NOF (M+): 267.1059, Found: 267.1061. 

 

(6) (S)-2-(4-Chlorophenyl)-5-(1-phenylvinyl)-4,5-dihydrooxazole ((S)-3fa) (Table 

3) (lhw-13-151) 
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The reaction of Pd2(dba)3·CHCl3 (12.9 mg, 0.0125 mmol), L10 (31.0 mg, 0.0381 

mmol), Cs2CO3 (325.9 mg, 1.0 mmol), 1f (104.7 mg, 0.5 mmol), and 2a (205.5 mg, 

1.0 mmol) in benzene (6.0 mL) afforded (S)-3fa (132.3 mg, 92%) (eluent: petroleum 

ether (b.p. 60-90 oC)/ethyl acetate = 15/1 to 10/1) as a solid: M.P. 86-87 oC (petroleum 

ether/ethyl acetate); 91% ee (HPLC conditions: OJ-H column, hexane/i-PrOH = 100/1, 

1.0 mL/min, λ = 214 nm, tR (minor) = 27.7 min, tR (major) = 22.9 min); [α]20
D = 

+185.3 (c = 1.02, CHCl3); 
1H NMR (400 MHz, CDCl3) δ = 7.95 (d, J = 8.0 Hz, 2 H, 

Ar-H), 7.42 (d, J = 8.0 Hz, 2 H, Ar-H), 7.39-7.28 (m, 5 H, Ar-H), 5.61 (t, J = 9.0 Hz, 1 

H, OCH), 5.46 (s, 1 H, one proton in =CH2), 5.40 (s, 1 H, one proton in =CH2), 4.28 

(dd, J1 = 14.6 Hz, J2 = 10.2 Hz, 1 H, one proton in NCH2), 3.79 (dd, J1 = 14.6 Hz, J2 

= 7.4 Hz, 1 H, one proton in NCH2); 
13C NMR (100 MHz, CDCl3) δ = 163.0, 146.6, 

137.8, 137.6, 129.5, 128.7, 128.6, 128.1, 126.5, 126.1, 112.6, 80.3, 61.0; IR (neat, 

cm-1): 1657, 1487, 1329, 1258, 1086, 1067, 1011; MS (70 eV, EI) m/z (%): 286 

(M+(37Cl)+1, 2.29), 285 (M+(37Cl), 9.49), 284 (M+(35Cl)+1, 5.77), 283 (M+(35Cl), 

29.46), 149 (100); Anal. Calcd for C17H14ClNO: C 71.96, H 4.97, N 4.94; Found: C 

71.69, H 4.89, N 4.64. 

 

(7) (S)-2-(4-Bromophenyl)-5-(1-phenylvinyl)-4,5-dihydrooxazole ((S)-3ga) (Table 

3) (lhw-14-188) 

 

The reaction of Pd2(dba)3·CHCl3 (12.9 mg, 0.0125 mmol), L10 (31.6 mg, 0.0389 

mmol), Cs2CO3 (329.5 mg, 1.0 mmol), 1g (125.6 mg, 0.5 mmol), and 2a (211.2 mg, 

1.0 mmol) in benzene (6.0 mL) afforded (S)-3ga (146.5 mg, 90%) (eluent: petroleum 

ether (b.p. 60-90 oC)/ethyl acetate = 15/1 to 5/1) as a solid: M.P. 98-100 oC (petroleum 
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ether/ethyl acetate); 90% ee (HPLC conditions: OZ-H column, hexane/i-PrOH = 

90/10, 0.7 mL/min, λ = 214 nm, tR (minor) = 8.8 min, tR (major) = 7.3 min); [α]20
D = 

+151.2 (c = 1.02, CHCl3); 
1H NMR (400 MHz, CDCl3) δ = 7.87 (d, J = 8.8 Hz, 2 H, 

Ar-H), 7.58 (d, J = 8.8 Hz, 2 H, Ar-H), 7.40-7.28 (m, 5 H, Ar-H), 5.60 (t, J = 9.0 Hz, 1 

H, OCH), 5.45 (s, 1 H, one proton in =CH2), 5.39 (s, 1 H, one proton in =CH2), 4.27 

(dd, J1 = 14.6 Hz, J2 = 10.2 Hz, 1 H, one proton in NCH2), 3.79 (dd, J1 = 14.8 Hz, J2 

= 7.6 Hz, 1 H, one proton in NCH2); 
13C NMR (100 MHz, CDCl3) δ = 163.0, 146.6, 

137.8, 131.7, 129.7, 128.6, 128.1, 126.5, 126.1, 112.6, 80.3, 61.0; IR (neat, cm-1): 

1657, 1589, 1500, 1258, 1070, 1007; MS (70 eV, EI) m/z (%): 330 (M+(81Br)+1, 5.09), 

329 (M+(81Br), 28.76), 328 (M+(79Br)+1, 6.97), 327 (M+(79Br), 27.96), 195 (100); 

Anal. Calcd for C17H14BrNO: C 62.21, H 4.30, N 4.27; Found: C 62.26, H 4.30, N 

4.11. 

 

(8) (S,E)-5-(1-Phenylvinyl)-2-styryl-4,5-dihydrooxazole ((S,E)-3ha) (Table 3) 

(lhw-13-155) 

 

The reaction of Pd2(dba)3·CHCl3 (12.9 mg, 0.0125 mmol), L10 (30.8 mg, 0.0379 

mmol), Cs2CO3 (326.1 mg, 1.0 mmol), 1h (99.9 mg, 0.5 mmol), and 2a (202.7 mg, 

1.0 mmol) in benzene (6.0 mL) afforded (S,E)-3ha (98.1 mg, 71%) (eluent: petroleum 

ether (b.p. 60-90 oC)/ethyl acetate = 10/1) as a solid: M.P. 85-87 oC (petroleum 

ether/ethyl acetate); 88% ee (HPLC conditions: OZ-H column, hexane/i-PrOH = 95/5, 

1.0 mL/min, λ = 214 nm, tR (minor) = 21.9 min, tR (major) = 17.9 min); [α]20
D = 

+217.7 (c = 1.00, CHCl3); 
1H NMR (400 MHz, CDCl3) δ = 7.55-7.48 (m, 3 H, Ar-H 

and =CH), 7.43-7.28 (m, 8 H, Ar-H), 6.69 (d, J = 16.0 Hz, 1 H, =CH), 5.52 (t, J = 9.0 

Hz, 1 H, OCH), 5.46 (s, 1 H, one proton in =CH2), 5.42 (s, 1 H, one proton in =CH2), 

4.23 (dd, J1 = 15.0 Hz, J2 = 10.2 Hz, 1 H, one proton in NCH2), 3.73 (dd, J1 = 15.2 Hz, 

J2 = 7.6 Hz, 1 H, one proton in NCH2); 
13C NMR (100 MHz, CDCl3) δ = 163.7, 146.8, 
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140.0, 137.9, 135.1, 129.5, 128.8, 128.6, 128.1, 127.5, 126.5, 115.1, 112.6, 79.8, 61.0; 

IR (neat, cm-1): 1648, 1604, 1448, 1342, 1250; MS (70 eV, EI) m/z (%): 276 (M++1, 

5.97), 275 (M+, 33.53), 115 (100); Anal. Calcd for C19H17NO: C 82.88, H 6.22, N 

5.09; Found: C 82.52, H 6.18, N 4.68. 

 

(9) (S)-5-(1-Phenylvinyl)-2-(thiophen-2-yl)-4,5-dihydrooxazole ((S)-3ia) (Table 3) 

(lhw-14-182) 

N
H

O Pd2(dba)3•CHCl3 (2.5 mol%)

N

O Ph

0.5 mmol 2 equiv

L10 (7.5 mol%)

1i
2a (S)-3ia

PhI

88% yield, 81% ee

S

S

NH
HN

O
O

PPh2

PPh2

L10

Cs2CO3 (2 equiv), benzene

rt (0.5 h), then 90 oC (41 h)

 

The reaction of Pd2(dba)3·CHCl3 (12.9 mg, 0.0125 mmol), L10 (30.6 mg, 0.0376 

mmol), Cs2CO3 (326.6 mg, 1.0 mmol), 1i (89.0 mg, 0.5 mmol), and 2a (204.7 mg, 1.0 

mmol) in benzene (6.0 mL) afforded (S)-3ia (112.0 mg, 88%) (eluent: petroleum ether 

(b.p. 60-90 oC)/ethyl acetate = 15/1 to 5/1) as a liquid: 81% ee (HPLC conditions: 

OZ-H column, hexane/i-PrOH = 90/10, 1.0 mL/min, λ = 214 nm, tR (minor) = 8.0 min, 

tR (major) = 6.0 min); [α]20
D = +207.8 (c = 1.00, CHCl3); 

1H NMR (400 MHz, CDCl3) 

δ = 7.70-7.67 (m, 1 H, Ar-H), 7.47 (d, J = 4.8 Hz, 1 H, Ar-H), 7.39-7.28 (m, 5 H, 

Ar-H), 7.10 (t, J = 4.0 Hz, 1 H, Ar-H), 5.63-5.56 (m, 1 H, OCH), 5.46 (s, 1 H, one 

proton in =CH2), 5.43 (s, 1 H, one proton in =CH2), 4.26 (dd, J1 = 14.2 Hz, J2 = 10.2 

Hz, 1 H, one proton in NCH2), 3.77 (dd, J1 = 14.6 Hz, J2 = 7.4 Hz, 1 H, one proton in 

NCH2); 
13C NMR (100 MHz, CDCl3) δ = 159.6, 146.5, 137.8, 130.25, 130.22, 129.9, 

128.6, 128.1, 127.6, 126.5, 112.6, 80.5, 61.0; IR (neat, cm-1): 1650, 1432, 1249, 1058, 

1014; MS (70 eV, EI) m/z (%): 256 (M++1, 6.22), 255 (M+, 35.80), 123 (100); HRMS 

Calcd for C15H13NOS (M+): 255.0718, Found: 255.0717. 

 

(10) (S)-5-(1-(3-Methylphenyl)vinyl)-2-phenyl-4,5-dihydrooxazole ((S)-3ab) 

(Table 3) (lhw-13-161) 
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The reaction of Pd2(dba)3·CHCl3 (12.8 mg, 0.0124 mmol), L10 (30.7 mg, 0.0378 

mmol), Cs2CO3 (326.8 mg, 1.0 mmol), 1a (86.8 mg, 0.5 mmol), and 2b (97% purity, 

225.5 mg, 1.0 mmol) in benzene (6.0 mL) afforded (S)-3ab (110.7 mg, 84%) (eluent: 

petroleum ether (b.p. 30-60 oC)/ethyl acetate = 15/1 to 10/1) as a liquid: 93% ee 

(HPLC conditions: AD-H column, hexane/i-PrOH = 100/1, 1.0 mL/min, λ = 214 nm, 

tR (minor) = 25.4 min, tR (major) = 22.9 min); [α]20
D = +193.2 (c = 1.04, CHCl3); 

1H 

NMR (400 MHz, CDCl3) δ = 8.05-7.99 (m, 2 H, Ar-H), 7.54-7.47 (m, 1 H, Ar-H), 

7.47-7.40 (m, 2 H, Ar-H), 7.27-7.21 (m, 1 H, Ar-H), 7.21-7.11 (m, 3 H, Ar-H), 

5.64-5.56 (m, 1 H, OCH), 5.43 (s, 1 H, one proton in =CH2), 5.40 (s, 1 H, one proton 

in =CH2), 4.28 (dd, J1 = 14.6 Hz, J2 = 10.2 Hz, 1 H, one proton in NCH2), 3.79 (dd, J1 

= 14.6 Hz, J2 = 7.8 Hz, 1 H, one proton in NCH2), 2.35 (s, 3 H, CH3); 
13C NMR (100 

MHz, CDCl3) δ = 163.8, 146.9, 138.2, 137.9, 131.4, 128.8, 128.5, 128.4, 128.2, 127.7, 

127.3, 123.6, 112.0, 80.0, 61.1, 24.5; IR (neat, cm-1): 1651, 1331, 1256, 1061, 1025; 

MS (70 eV, EI) m/z (%): 264 (M++1, 6.96), 263 (M+, 34.11), 117 (100); HRMS Calcd 

for C18H17NO (M+): 263.1310, Found: 263.1308. 

 

(11) (S)-5-(1-(3,5-Dimethylphenyl)vinyl)-2-phenyl-4,5-dihydrooxazole ((S)-3ac) 

(Table 3) (lhw-13-179) 

 

The reaction of Pd2(dba)3·CHCl3 (12.8 mg, 0.0124 mmol), L10 (30.7 mg, 0.0378 

mmol), Cs2CO3 (327.6 mg, 1.0 mmol), 1a (86.3 mg, 0.5 mmol), and 2c (239.2 mg, 1.0 

mmol) in benzene (6.0 mL) afforded (S)-3ac (100.7 mg, 73%) (eluent: petroleum 

ether (b.p. 60-90 oC)/ethyl acetate = 30/1 to 20/1) as a liquid: 93% ee (HPLC 
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conditions: OZ-H column, hexane/i-PrOH = 90/10, 1.0 mL/min, λ = 214 nm, tR 

(minor) = 10.9 min, tR (major) = 9.5 min); [α]20
D = +175.2 (c = 1.01, CHCl3); 

1H 

NMR (400 MHz, CDCl3) δ = 8.05-8.00 (m, 2 H, Ar-H), 7.53-7.47 (m, 1 H, Ar-H), 

7.47-7.40 (m, 2 H, Ar-H), 7.00-6.94 (m, 3 H, Ar-H), 5.63-5.56 (m, 1 H, OCH), 5.40 (s, 

1 H, one proton in =CH2), 5.37 (s, 1 H, one proton in =CH2), 4.27 (dd, J1 = 14.6 Hz, 

J2 = 10.2 Hz, 1 H, one proton in NCH2), 3.78 (dd, J1 = 15.0 Hz, J2 = 7.4 Hz, 1 H, one 

proton in NCH2), 2.31 (s, 6 H, CH3×2); 13C NMR (100 MHz, CDCl3) δ = 163.8, 

147.1, 138.1, 137.9, 131.4, 129.7, 128.4, 128.1, 127.7, 124.4, 111.7, 79.9, 61.1, 21.3; 

IR (neat, cm-1): 1651, 1331, 1256, 1061, 1025; MS (70 eV, EI) m/z (%): 278 (M++1, 

6.81), 277 (M+, 30.61), 117 (100); HRMS Calcd for C19H19NO (M+): 277.1467, 

Found: 277.1468. 

 

(12) (S)-5-(1-(4-Isopropylphenyl)vinyl)-2-phenyl-4,5-dihydrooxazole ((S)-3ad) 

(Table 3) (lhw-13-162) 

 

The reaction of Pd2(dba)3·CHCl3 (12.8 mg, 0.0124 mmol), L10 (30.7 mg, 0.0378 

mmol), Cs2CO3 (328.3 mg, 1.0 mmol), 1a (86.2 mg, 0.5 mmol), and 2d (97% purity, 

256.5 mg, 1.0 mmol) in benzene (6.0 mL) afforded (S)-3ad (113.8 mg, 78%) (eluent: 

petroleum ether (b.p. 30-60 oC)/ethyl acetate = 15/1 to 10/1) as a liquid: 93% ee 

(HPLC conditions: OZ-H column, hexane/i-PrOH = 95/5, 1.0 mL/min, λ = 214 nm, tR 

(minor) = 10.6 min, tR (major) = 9.5 min); [α]20
D = +182.3 (c = 0.99, CHCl3); 

1H 

NMR (400 MHz, CDCl3) δ = 8.05-8.00 (m, 2 H, Ar-H), 7.54-7.47 (m, 1 H, Ar-H), 

7.47-7.41 (m, 2 H, Ar-H), 7.31 (d, J = 8.0 Hz, 2 H, Ar-H), 7.21 (d, J = 8.4 Hz, 2 H, 

Ar-H), 5.60 (t, J = 9.0 Hz, 1 H, OCH), 5.44 (s, 1 H, one proton in =CH2), 5.38 (s, 1 H, 

one proton in =CH2), 4.30 (dd, J1 = 14.8 Hz, J2 = 10.0 Hz, 1 H, one proton in NCH2), 

3.80 (dd, J1 = 15.0 Hz, J2 = 7.8 Hz, 1 H, one proton in NCH2), 2.91 (hept, J = 6.8 Hz, 

1 H, CH), 1.25 (d, J = 6.4 Hz, 6 H, CH3×2); 13C NMR (100 MHz, CDCl3) δ = 163.8, 
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148.9, 146.5, 135.3, 131.4, 128.4, 128.2, 127.7, 126.7, 126.4, 111.5, 80.1, 61.2, 33.8, 

23.87, 23.85; IR (neat, cm-1): 2959, 1652, 1330, 1256, 1061, 1025; MS (70 eV, EI) m/z 

(%): 292 (M++1, 7.15), 291 (M+, 32.37), 117 (100); HRMS Calcd for C20H21NO (M+): 

291.1623, Found: 291.1624. 

 

(13) (S)-5-(1-(Biphenyl-4-yl)vinyl)-2-phenyl-4,5-dihydrooxazole ((S)-3ae) (Table 3) 

(lhw-13-185) 

 

The reaction of Pd2(dba)3·CHCl3 (12.9 mg, 0.0125 mmol), L10 (30.7 mg, 0.0378 

mmol), Cs2CO3 (326.5 mg, 1.0 mmol), 1a (86.2 mg, 0.5 mmol), and 2e (97% purity, 

288.5 mg, 1.0 mmol) in benzene (6.0 mL) afforded (S)-3ae (126.3 mg, 78%) (eluent: 

petroleum ether (b.p. 60-90 oC)/ethyl acetate = 15/1 to 10/1) as a solid: M.P. 134-135 

oC (petroleum ether/ethyl acetate); 96% ee (HPLC conditions (SFC): AD-H column, 

CO2 (l)/i-PrOH = 70/30, 1.3 mL/min, λ = 214 nm, tR (minor) = 12.6 min, tR (major) = 

14.6 min); [α]20
D = +179.5 (c = 1.00, CHCl3); 

1H NMR (400 MHz, CDCl3) δ = 

8.07-8.01 (m, 2 H, Ar-H), 7.62-7.55 (m, 4 H, Ar-H), 7.54-7.40 (m, 7 H, Ar-H), 

7.38-7.31 (m, 1 H, Ar-H), 5.68-5.60 (m, 1 H, OCH), 5.52 (s, 1 H, one proton in =CH2), 

5.45 (s, 1 H, one proton in =CH2), 4.33 (dd, J1 = 15.0 Hz, J2 = 10.2 Hz, 1 H, one 

proton in NCH2), 3.84 (dd, J1 = 14.4 Hz, J2 = 7.6 Hz, 1 H, one proton in NCH2); 
13C 

NMR (100 MHz, CDCl3) δ = 163.8, 146.3, 140.9, 140.4, 136.7, 131.4, 128.8, 128.4, 

128.2, 127.6, 127.5, 127.3, 127.0, 126.9, 112.4, 80.0, 61.1; IR (neat, cm-1): 1654, 

1489, 1448, 1334, 1256, 1085, 1067; MS (70 eV, EI) m/z (%): 326 (M++1, 9.72), 325 

(M+, 38.08), 117 (100); Anal. Calcd for C23H19NO: C 84.89, H 5.89, N 4.30; Found: 

C 84.93, H 5.85, N 4.25. 

 

(14) (S)-5-(1-(2-Methoxyphenyl)vinyl)-2-phenyl-4,5-dihydrooxazole ((S)-3af) 

(Table 3) (lhw-13-183) 
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The reaction of Pd2(dba)3·CHCl3 (12.9 mg, 0.0125 mmol), L10 (31.0 mg, 0.0381 

mmol), Cs2CO3 (327.1 mg, 1.0 mmol), 1a (86.4 mg, 0.5 mmol), and 2f (235.7 mg, 1.0 

mmol) in benzene (6.0 mL) afforded (S)-3af (110.8 mg, 80%) (eluent: petroleum ether 

(b.p. 60-90 oC)/ethyl acetate = 20/1 to 10/1) as a liquid: 94% ee (HPLC conditions: 

AS-H column, hexane/i-PrOH = 80/20, 0.5 mL/min, λ = 214 nm, tR (minor) = 7.9 min, 

tR (major) = 7.1 min); [α]20
D = +97.8 (c = 1.00, CHCl3); 

1H NMR (400 MHz, CDCl3) 

δ = 8.04-7.99 (m, 2 H, Ar-H), 7.52-7.46 (m, 1 H, Ar-H), 7.46-7.39 (m, 2 H, Ar-H), 

7.34-7.27 (m, 1 H, Ar-H), 7.21 (dd, J1 = 7.4 Hz, J2 = 1.4 Hz, 1 H, Ar-H), 6.95 (dd, J1 

= 3.6 Hz, J2 = 0.8 Hz, 1 H, Ar-H), 6.89 (d, J = 8.0 Hz, 1 H, Ar-H), 5.73-5.65 (m, 1 H, 

OCH), 5.49 (t, J = 1.4 Hz, 1 H, one proton in =CH2), 5.22 (s, 1 H, one proton in 

=CH2), 4.11 (dd, J1 = 14.4 Hz, J2 = 10.0 Hz, 1 H, one proton in NCH2), 3.86-3.79 (m, 

4 H, one proton in NCH2 and OCH3); 
13C NMR (100 MHz, CDCl3) δ = 163.8, 156.5, 

147.3, 131.2, 130.7, 129.4, 128.3, 128.1, 127.8, 120.8, 113.7, 110.6, 79.7, 60.6, 55.3; 

IR (neat, cm-1): 1650, 1597, 1578, 1489, 1451, 1249, 1237, 1178, 1061, 1024; MS (70 

eV, EI) m/z (%): 280 (M++1, 1.07), 279 (M+, 5.66), 117 (100); HRMS Calcd for 

C18H17NO2 (M
+): 279.1259, Found: 279.1260. 

 

(15) (S)-5-(1-(4-Methoxyphenyl)vinyl)-2-phenyl-4,5-dihydrooxazole ((S)-3ag) 

(Table 3) (lhw-13-167) 

 

The reaction of Pd2(dba)3·CHCl3 (12.9 mg, 0.0125 mmol), L10 (30.9 mg, 0.0380 

mmol), Cs2CO3 (325.6 mg, 1.0 mmol), 1a (87.6 mg, 0.5 mmol), and 2g (234.5 mg, 

1.0 mmol) in benzene (6.0 mL) afforded (S)-3ag (113.9 mg, 81%) (eluent: petroleum 

ether (b.p. 30-60 oC)/ethyl acetate = 15/1 to 10/1 to 5/1) as a solid: M.P. 87-88 oC 
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(petroleum ether/ethyl acetate); 93% ee (HPLC conditions: AS-H column, 

hexane/i-PrOH = 80/20, 0.5 mL/min, λ = 214 nm, tR (minor) = 14.4 min, tR (major) = 

12.0 min); [α]20
D = +185.9 (c = 1.01, CHCl3); 

1H NMR (400 MHz, CDCl3) δ = 

8.05-7.99 (m, 2 H, Ar-H), 7.54-7.48 (m, 1 H, Ar-H), 7.47-7.41 (m, 2 H, Ar-H), 7.32 

(dt, J1 = 9.5 Hz, J2 = 2.6 Hz, 2 H, Ar-H), 6.89 (dt, J1 = 9.7 Hz, J2 = 2.6 Hz, 2 H, Ar-H), 

5.62-55 (m, 1 H, OCH), 5.38 (s, 1 H, one proton in =CH2), 5.34 (s, 1 H, one proton in 

=CH2), 4.29 (dd, J1 = 14.4 Hz, J2 = 10.4 Hz, 1 H, one proton in NCH2), 3.83-3.75 (m, 

4 H, one proton in NCH2 and OCH3); 
13C NMR (100 MHz, CDCl3) δ = 163.8, 159.5, 

146.1, 131.4, 130.3, 128.4, 128.2, 127.66, 127.64, 114.0, 111.0, 80.2, 61.0, 55.2; IR 

(neat, cm-1): 1650, 1603, 1578, 1508, 1450, 1335, 1245, 1177, 1064, 1024; MS (70 eV, 

EI) m/z (%): 280 (M++1, 8.23), 279 (M+, 41.69), 117 (100); Anal. Calcd for 

C18H17NO2: C 77.40, H 6.13, N 5.01; Found: C 77.30, H 6.10, N 4.78. 

 

(16) (S)-5-(1-(3-Flurophenyl)vinyl)-2-phenyl-4,5-dihydrooxazole ((S)-3ah) (Table 

3) (lhw-13-166) 

 

The reaction of Pd2(dba)3·CHCl3 (12.8 mg, 0.0124 mmol), L10 (30.7 mg, 0.0378 

mmol), Cs2CO3 (325.7 mg, 1.0 mmol), 1a (86.9 mg, 0.5 mmol), and 2h (97% purity, 

228.6 mg, 1.0 mmol) in benzene (4.0 mL) afforded (S)-3ah (114.9 mg, 86%) (eluent: 

petroleum ether (b.p. 60-90 oC)/ethyl acetate = 10/1 to 5/1) as a liquid: 93% ee (HPLC 

conditions: OZ-H column, hexane/i-PrOH = 90/10, 1 mL/min, λ = 214 nm, tR (minor) 

= 15.3 min, tR (major) = 11.3 min); [α]20
D = +186.3 (c = 1.06, CHCl3); 

1H NMR (400 

MHz, CDCl3) δ = 8.04-7.98 (m, 2 H, Ar-H), 7.54-7.48 (m, 1 H, Ar-H), 7.47-7.40 (m, 2 

H, Ar-H), 7.35-7.27 (m, 1 H, Ar-H), 7.17-7.12 (m, 1 H, Ar-H), 7.12-7.06 (m, 1 H, 

Ar-H), 7.05-6.98 (m, 1 H, Ar-H), 5.60-5.52 (m, 1 H, OCH), 5.48 (s, 1 H, one proton in 

=CH2), 5.46 (s, 1 H, one proton in =CH2), 4.30 (dd, J1 = 14.8 Hz, J2 = 10.4 Hz, 1 H, 

one proton in NCH2), 3.79 (dd, J1 = 15.0 Hz, J2 = 7.8 Hz, 1 H, one proton in NCH2); 
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13C NMR (100 MHz, CDCl3) δ = 163.7, 162.8 (d, J = 245.0 Hz), 145.7 (d, J = 2.1 Hz), 

140.1 (d, J = 7.7 Hz), 131.5, 130.1 (d, J = 8.3 Hz), 128.4, 128.2, 127.5, 122.2 (d, J = 

3.3 Hz), 115.0 (d, J = 20.0 Hz), 113.64 (d, J = 22.1 Hz), 113.63, 79.8, 60.9; 19F NMR 

(376 MHz, CDCl3) -113.12; IR (neat, cm-1): 1652, 1579, 1488, 1448, 1331, 1258, 

1199, 1080, 1061, 1025; MS (70 eV, EI) m/z (%): 268 (M++1, 5.56), 267 (M+, 29.68), 

117 (100); HRMS Calcd for C17H14NOF (M+): 267.1059, Found: 267.1057. 

 

(17) (S)-5-(1-(4-Flurophenyl)vinyl)-2-phenyl-4,5-dihydrooxazole ((S)-3ai) (Table 

3) (lhw-13-159) 

Ph N
H

O
Pd2(dba)3•CHCl3 (2.5 mol%)

N

OPh

0.5 mmol 2 equiv

L10 (7.6 mol%)

1a
2i (S)-3ai

82% yield, 93% ee
3% recovery (NMR)

I

F

F

NH
HN

O
O

PPh2

PPh2

L10

Cs2CO3 (2 equiv), benzene

rt (0.5 h), then 90 oC (53 h)

 

The reaction of Pd2(dba)3·CHCl3 (12.9 mg, 0.0125 mmol), L10 (30.7 mg, 

0.0378mmol), Cs2CO3 (325.4 mg, 1.0 mmol), 1a (86.0 mg, 0.5 mmol), and 2i (228.0 

mg, 1.0 mmol) in benzene (6.0 mL) afforded (S)-3ai (109.1 mg, 82%) (eluent: 

petroleum ether (b.p. 30-60 oC)/ethyl acetate = 10/1 to 5/1) as a liquid: 93% ee (HPLC 

conditions: OZ-H column, hexane/i-PrOH = 95/5, 1 mL/min, λ = 214 nm, tR (minor) 

= 14.2 min, tR (major) = 11.3 min); [α]20
D = +180.3 (c = 1.01, CHCl3); 

1H NMR (400 

MHz, CDCl3) δ = 8.03-7.98 (m, 2 H, Ar-H), 7.54-7.48 (m, 1 H, Ar-H), 7.47-7.41 (m, 2 

H, Ar-H), 7.38-7.31 (m, 2 H, Ar-H), 7.08-7.00 (m, 2 H, Ar-H), 5.59-5.52 (m, 1 H, 

OCH), 5.42 (s, 1 H, one proton in =CH2), 5.40 (s, 1 H, one proton in =CH2), 4.28 (dd, 

J1 = 15.2 Hz, J2 = 10.0 Hz, 1 H, one proton in NCH2), 3.78 (dd, J1 = 14.8 Hz, J2 = 8.0 

Hz, 1 H, one proton in NCH2); 
13C NMR (100 MHz, CDCl3) δ = 163.8, 162.6 (d, J = 

246.8 Hz), 145.8, 134.0 (d, J = 4.3 Hz), 131.5, 128.43, 128.36 (d, J = 7.5 Hz), 128.2, 

127.5, 115.5 (d, J = 21.3 Hz), 113.0, 80.2, 60.8; 19F NMR (376 MHz, CDCl3) -114.35; 

IR (neat, cm-1): 1651, 1602, 1508, 1332, 1231, 1061, 1024; MS (70 eV, EI) m/z (%): 

268 (M++1, 5.76), 267 (M+, 29.37), 117 (100); HRMS Calcd for C17H14NOF (M+): 

267.1059, Found: 267.1062. 
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(18) (S)-5-(1-(4-Chlorophenyl)vinyl)-2-phenyl-4,5-dihydrooxazole ((S)-3aj) (Table 

3) (lhw-13-160) 

 

The reaction of Pd2(dba)3·CHCl3 (13.1 mg, 0.0127 mmol), L10 (31.1 mg, 0.0383 

mmol), Cs2CO3 (327.1 mg, 1.0 mmol), 1a (86.5 mg, 0.5 mmol), and 2j (98% purity, 

245.4 mg, 1.0 mmol) in benzene (6.0 mL) afforded (S)-3aj (121.7 mg, 86%) (eluent: 

petroleum ether (b.p. 30-60 oC)/ethyl acetate = 10/1 to 5/1) as a solid: M.P. 66-67 oC 

(petroleum ether/ethyl acetate); 94% ee (HPLC conditions: OZ-H column, 

hexane/i-PrOH = 90/10, 1 mL/min, λ = 214 nm, tR (minor) = 14.6 min, tR (major) = 

11.7 min); [α]20
D = +182.7 (c = 1.01, CHCl3); 

1H NMR (400 MHz, CDCl3) δ = 

8.03-7.98 (m, 2 H, Ar-H), 7.54-7.48 (m, 1 H, Ar-H), 7.48-7.41 (m, 2 H, Ar-H), 

7.35-7.28 (m, 4 H, Ar-H), 5.59-5.53 (m, 1 H, OCH), 5.44 (s, 2 H, =CH2), 4.28 (dd, J1 

= 14.6 Hz, J2 = 10.6 Hz, 1 H, one proton in NCH2), 3.78 (dd, J1 = 15.0 Hz, J2 = 7.8 

Hz, 1 H, one proton in NCH2); 
13C NMR (100 MHz, CDCl3) δ = 163.8, 145.7, 136.3, 

134.0, 131.5, 128.8, 128.4, 128.2, 127.9, 127.5, 113.4, 80.0, 60.8; IR (neat, cm-1): 

1650, 1489, 1449, 1329, 1253, 1061; MS (70 eV, EI) m/z (%): 286 (M+(37Cl)+1, 1.52), 

285 (M+(37Cl), 7.54), 284 (M+(35Cl)+1, 4.56), 283 (M+(35Cl), 23.00), 117 (100); Anal. 

Calcd for C17H14ClNO: C 71.96, H 4.97, N 4.94; Found: C 71.82, H 4.93, N 4.78. 

 

(19) (S)-5-(1-(3-Bromophenyl)vinyl)-2-phenyl-4,5-dihydrooxazole ((S)-3ak) 

(Table 3) (lhw-13-182) 

 

The reaction of Pd2(dba)3·CHCl3 (13.0 mg, 0.0126 mmol), L10 (30.8 mg, 0.0379 

mmol), Cs2CO3 (326.4 mg, 1.0 mmol), 1a (86.7 mg, 0.5 mmol), and 2k (288.3 mg, 

1.0 mmol) in benzene (4.0 mL) afforded (S)-3ak (125.7 mg, 77%) (eluent: petroleum 
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ether (b.p. 60-90 oC)/ethyl acetate = 15/1 to 10/1) as a liquid: 91% ee (HPLC 

conditions: OZ-H column, hexane/i-PrOH = 90/10, 1 mL/min, λ = 214 nm, tR (minor) 

= 15.8 min, tR (major) = 11.9 min); [α]20
D = +155.9 (c = 1.03, CHCl3); 

1H NMR (400 

MHz, CDCl3) δ = 8.01 (d, J = 7.2 Hz, 2 H, Ar-H), 7.55-7.47 (m, 2 H, Ar-H), 7.47-7.40 

(m, 3 H, Ar-H), 7.31-7.24 (m, 1 H, Ar-H), 7.24-7.17 (m, 1 H, Ar-H), 5.54 (t, J = 9.0 

Hz, 1 H, OCH), 5.45 (s, 2 H, =CH2), 4.29 (dd, J1 = 14.2 Hz, J2 = 10.2 Hz, 1 H, one 

proton in NCH2), 3.78 (dd, J1 = 14.6 Hz, J2 = 7.4 Hz, 1 H, one proton in NCH2); 
13C 

NMR (100 MHz, CDCl3) δ = 163.7, 145.7, 140.1, 131.5, 131.1, 130.1, 129.8, 128.4, 

128.1, 127.4, 125.1, 122.8, 113.9, 79.7, 60.9; IR (neat, cm-1): 1651, 1557, 1331, 1257, 

1061, 1024; MS (70 eV, EI) m/z (%): 330 (M+(81Br)+1, 2.50), 329 (M+(81Br), 14.03), 

328 (M+(79Br)+1, 2.90), 327 (M+(79Br), 13.92), 117 (100); HRMS Calcd for 

C17H14NO79Br (M+): 327.0259, Found: 327.0263. 

 

(20) (S)-5-(1-(4-Bromophenyl)vinyl)-2-phenyl-4,5-dihydrooxazole ((S)-3al) (Table 

3) (lhw-13-163) 

 

The reaction of Pd2(dba)3·CHCl3 (12.9 mg, 0.0125 mmol), L10 (30.7 mg, 0.0378 

mmol), Cs2CO3 (325.6 mg, 1.0 mmol), 1a (86.7 mg, 0.5 mmol), and 2l (98% purity, 

289.1 mg, 1.0 mmol) in benzene (6.0 mL) afforded (S)-3al (137.7 mg, 84%) (eluent: 

petroleum ether (b.p. 30-60 oC)/ethyl acetate = 15/1 to 10/1) as a solid: M.P. 88-89 oC 

(petroleum ether/ethyl acetate); 94% ee (HPLC conditions: OZ-H column, 

hexane/i-PrOH = 90/10, 1 mL/min, λ = 214 nm, tR (minor) = 13.3 min, tR (major) = 

10.8 min); [α]20
D = +159.9 (c = 1.03, CHCl3); 

1H NMR (400 MHz, CDCl3) δ = 

8.03-7.97 (m, 2 H, Ar-H), 7.54-7.41 (m, 5 H, Ar-H), 7.28-7.21 (m, 2 H, Ar-H), 5.55 (t, 

J = 9.0 Hz, 1 H, OCH), 5.45 (s, 2 H, =CH2), 4.28 (dd, J1 = 14.8 Hz, J2 = 10.4 Hz, 1 H, 

one proton in NCH2), 3.77 (dd, J1 = 14.4 Hz, J2 = 7.6 Hz, 1 H, one proton in NCH2); 

13C NMR (100 MHz, CDCl3) δ = 163.8, 145.8, 136.8, 131.7, 131.5, 128.4, 128.24, 
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128.15, 127.5, 122.2, 113.5, 79.9, 60.8; IR (neat, cm-1): 1650, 1491, 1447, 1364, 1329, 

1264, 1073, 1062, 1023, 1004; MS (70 eV, EI) m/z (%): 330 (M+(81Br)+1, 2.26), 329 

(M+(81Br), 11.30), 327 (M+(79Br)+1, 2.53), 327 (M+(79Br), 11.02), 117 (100); Anal. 

Calcd for C17H14BrNO: C 62.21, H 4.30, N 4.27; Found: C 62.23, H 4.36, N 4.16. 

 

(21) (S)-5-(1-(4’-Bromo-[1,1’-biphenyl]-4-yl)vinyl)-2-phenyl-4,5-dihydrooxazole 

((S)-3am) (Table 3) (lhw-14-198) 

 

The reaction of Pd2(dba)3·CHCl3 (13.0 mg, 0.0125 mmol), L10 (31.6 mg, 0.0378 

mmol), Cs2CO3 (329.9 mg, 1.0 mmol), 1a (86.9 mg, 0.5 mmol), and 2m (358.4 mg, 

1.0 mmol) in benzene (6.0 mL) afforded (S)-3am (175.0 mg, 86%) (eluent: petroleum 

ether (b.p. 60-90 oC)/ethyl acetate = 15/1 to 5/1) as a solid: M.P. 121-122 oC 

(petroleum ether/ethyl acetate); 93% ee (HPLC conditions: OZ-H column, 

hexane/i-PrOH = 90/10, 1 mL/min, λ = 214 nm, tR (minor) = 6.9 min, tR (major) = 6.0 

min); [α]20
D = +134.6 (c = 1.00, CHCl3);

 1H NMR (400 MHz, CDCl3) δ = 8.06-8.00 

(m, 2 H, Ar-H), 7.59-7.41 (m, 11 H, Ar-H), 5.64 (t, J = 9.0 Hz, 1 H, OCH), 5.52 (s, 1 

H, one proton in =CH2), 5.46 (s, 1 H, one proton in =CH2), 4.33 (dd, J1 = 15.0 Hz, J2 

= 10.2 Hz, 1 H, one proton in NCH2), 3.83 (dd, J1 = 14.4 Hz, J2 = 8.0 Hz, 1 H, one 

proton in NCH2); 
13C NMR (100 MHz, CDCl3) δ = 163.9, 146.2, 139.6, 139.3, 137.2, 

131.9, 131.5, 128.5, 128.4, 128.2, 127.6, 127.1, 121.8, 112.8, 80.0, 61.1; IR (neat, 

cm-1): 1650, 1484, 1331, 1260, 1078, 1063; MS (70 eV, EI) m/z (%): 406 (M+(81Br)+1, 

4.47), 405 (M+(81Br), 17.18), 404 (M+(79Br)+1, 4.80), 403 (M+(79Br), 16.82), 117 

(100); Anal. Calcd for C23H18BrNO: C 68.33, H 4.49, N 3.46; Found: C 68.24, H 4.48, 

N 3.37. 

 

(22) (S)-5-(1-(4-Acetylphenyl)vinyl)-2-phenyl-4,5-dihydrooxazole ((S)-3an) (Table 



S24 
 

3) (lhw-14-20) 

 

The reaction of Pd2(dba)3·CHCl3 (12.9 mg, 0.0125 mmol), L10 (30.9 mg, 0.0380 

mmol), Cs2CO3 (327.2 mg, 1.0 mmol), 1a (86.3 mg, 0.5 mmol), and 2n (98% purity, 

253.2 mg, 1.0 mmol) in benzene (6.0 mL) afforded (S)-3an (108.3 mg, 75%) (eluent: 

petroleum ether (b.p. 60-90 oC)/ethyl acetate = 10/1 to 5/1 to 3/1) as a solid: M.P. 

107-110 oC (petroleum ether/ethyl acetate); 88% ee (HPLC conditions: OZ-H column, 

hexane/i-PrOH = 70/30, 0.8 mL/min, λ = 214 nm, tR (minor) = 17.2 min, tR (major) = 

12.9 min); [α]20
D = +159.3 (c = 1.00, CHCl3); 

1H NMR (400 MHz, CDCl3) δ = 

8.04-7.98 (m, 2 H, Ar-H), 7.95 (d, J = 8.4 Hz, 2 H, Ar-H), 7.55-7.41 (m, 5 H, Ar-H), 

5.66-5.58 (m, 1 H, OCH), 5.56 (s, 1 H, one proton in =CH2), 5.54 (s, 1 H, one proton 

in =CH2), 4.32 (dd, J1 = 14.6 Hz, J2 = 10.6 Hz, 1 H, one proton in NCH2), 3.79 (dd, J1 

= 14.6 Hz, J2 = 7.8 Hz, 1 H, one proton in NCH2), 2.61 (s, 3 H, CH3); 
13C NMR (100 

MHz, CDCl3) δ = 197.5, 163.8, 146.0, 142.6, 136.5, 131.5, 128.7, 128.5, 128.2, 127.4, 

126.8, 114.7, 79.8, 60.9, 26.6; IR (neat, cm-1): 1673, 1644, 1602, 1336, 1262, 1062; 

MS (70 eV, EI) m/z (%): 292 (M++1, 6.60), 291 (M+, 30.95), 117 (100); Anal. Calcd 

for C19H17NO2: C 78.33, H 5.88, N 4.81; Found: C 78.16, H 5.76, N 4.66. 

 

(23) (S)-5-(1-Phenylvinyl)-2-methyl-4,5-dihydrooxazole ((S)-3ja) (Scheme 5) 

(lwl-9-28) 

N
H

O Pd2(dba)3•CHCl3 (2.5 mol%)

N

O Ph

0.5 mmol 2 equiv

L10 (7.5 mol%)

1j
2a (S)-3ja

PhI

34% yield, 56% ee

NH
HN

O
O

PPh2

PPh2

L10

Cs2CO3 (2 equiv), benzene

rt (0.5 h), then 90 oC (96 h)

 

The reaction of Pd2(dba)3·CHCl3 (12.8 mg, 0.0125 mmol), L10 (30.7 mg, 0.0375 

mmol), Cs2CO3 (325.8 mg, 1.0 mmol), 1j (55.5 mg, 0.5 mmol), and 2a (204.3 mg, 1.0 

mmol) in benzene (6.0 mL) afforded (S)-3ja (31.7 mg, 34%) (eluent: petroleum ether 

(b.p. 60-90 oC)/ethyl acetate = 3/1) as a liquid: 56% ee (HPLC conditions: OZ-H 
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column, hexane/i-PrOH = 98/2, 1.0 mL/min, λ = 214 nm, tR (minor) = 14.7 min, tR 

(major) = 12.7 min); [α]28
D = +33.6 (c = 1.08, CHCl3); 

1H NMR (400 MHz, CDCl3) δ 

= 7.42-7.28 (m, 5 H, Ar-H), 5.47-5.36 (m, 2 H, OCH and one proton in =CH2), 5.33 (s, 

1 H, one proton in =CH2), 4.05 (dd, J1 = 13.2 Hz, J2 = 11.2 Hz, 1 H, one proton in 

NCH2), 3.56 (dd, J1 = 13.8 Hz, J2 = 7.8 Hz, 1 H, one proton in NCH2), 2.05 (s, 3 H, 

CH3); 
13C NMR (100 MHz, CDCl3) δ = 164.8, 146.9, 138.0, 128.5, 128.0, 126.5, 

112.2, 80.0, 60.7, 14.0; IR (neat, cm-1): 2929, 2874, 2855, 1678, 1632, 1441, 1389, 

1307, 1224; MS (70 eV, EI) m/z (%): 187 (M+, 18.96), 55 (100); HRMS Calcd for 

C12H13NO (M+): 187.0997, Found: 187.0999. 

 

(24) (S)-5-(1-Phenylvinyl)-2-propyl-4,5-dihydrooxazole ((S)-3ka) (Scheme 5) 

(lwl-9-29) 

N
H

O Pd2(dba)3•CHCl3 (2.5 mol%)

N

O Ph

0.5 mmol 2 equiv

L10 (7.5 mol%)

1k
2a (S)-3ka

PhI

39% yield, 89% ee

NH
HN

O
O

PPh2

PPh2

L10

Cs2CO3 (2 equiv), benzene

rt (0.5 h), then 90 oC (72 h)

 

The reaction of Pd2(dba)3·CHCl3 (12.9 mg, 0.0125 mmol), L10 (30.8 mg, 0.0375 

mmol), Cs2CO3 (325.7 mg, 1.0 mmol), 1k (69.7 mg, 0.5 mmol), and 2a (204.3 mg, 

1.0 mmol) in benzene (6.0 mL) afforded (S)-3ka (42.0 mg, 39%) (eluent: petroleum 

ether (b.p. 60-90 oC)/ethyl acetate = 8/1) as a liquid: 89% ee (HPLC conditions: OZ-H 

column, hexane/i-PrOH = 70/30, 0.6 mL/min, λ = 214 nm, tR (minor) = 7.2 min, tR 

(major) = 6.7 min); [α]29
D = +65.7 (c = 0.93, CHCl3); 

1H NMR (400 MHz, CDCl3) δ = 

7.40-7.28 (m, 5 H, Ar-H), 5.47-5.35 (m, 2 H, OCH and one proton in =CH2), 5.33 (s, 

1 H, one proton in =CH2), 4.06 (dd, J1 = 14.2 Hz, J2 = 10.6 Hz, 1 H, one proton in 

NCH2), 3.57 (dd, J1 = 14.0 Hz, J2 = 8.0 Hz, 1 H, one proton in NCH2), 2.33 (t, J = 7.6 

Hz, 2 H, CH2), 1.78-1.64 (m, 2 H, CH2), 1.00 (t, J = 7.4 Hz, 3 H, CH3); 
13C NMR 

(100 MHz, CDCl3) δ = 167.8, 147.1, 138.0, 128.5, 128.0, 126.5, 112.1, 79.7, 60.6, 

30.1, 19.4, 13.8; IR (neat, cm-1): 2961, 2929, 2873, 1672, 1459, 1380, 1201, 1174; MS 

(70 eV, EI) m/z (%): 215 (M+, 8.25), 83 (100); HRMS Calcd for C14H17NO (M+): 

215.1310, Found: 215.1305. 
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(25) (S)-5-(1-Phenylvinyl)-2-isopropyl-4,5-dihydrooxazole ((S)-3la) (Scheme 5) 

(lwl-9-33) 

N
H

O Pd2(dba)3•CHCl3 (2.5 mol%)

N

O Ph

0.5 mmol 2 equiv

L10 (7.5 mol%)

1l
2a (S)-3la

PhI

40% yield, 95% ee

NH
HN

O
O

PPh2

PPh2

L10

Cs2CO3 (2 equiv), benzene

rt (0.5 h), then 90 oC (42 h)

 

The reaction of Pd2(dba)3·CHCl3 (12.9 mg, 0.0125 mmol), L10 (30.7 mg, 0.0375 

mmol), Cs2CO3 (325.7 mg, 1.0 mmol), 1l (69.7 mg, 0.5 mmol), and 2a (204.2 mg, 1.0 

mmol) in benzene (6.0 mL) afforded (S)-3la (43.0 mg, 40%) (eluent: petroleum ether 

(b.p. 60-90 oC)/ethyl acetate = 9/1) as a liquid: 95% ee (HPLC conditions: OZ-H 

column, hexane/i-PrOH = 98/2, 1.4 mL/min, λ = 214 nm, tR (minor) = 5.6 min, tR 

(major) = 4.9 min); [α]29
D = +80.9 (c = 1.01, CHCl3); 

1H NMR (400 MHz, CDCl3) δ = 

7.40-7.28 (m, 5 H, Ar-H), 5.46-5.35 (m, 2 H, OCH and one proton in =CH2), 5.33 (s, 

1 H, one proton in =CH2), 4.06 (dd, J1 = 13.8 Hz, J2 = 10.6 Hz, 1 H, one proton in 

NCH2), 3.56 (dd, J1 = 14.0 Hz, J2 = 7.6 Hz, 1 H, one proton in NCH2), 2.66 (hept, J = 

6.9 Hz, 1 H, CH), 1.25 (d, J = 6.8 Hz, 6 H, CH3×2); 13C NMR (100 MHz, CDCl3) δ = 

171.9, 147.2, 138.0, 128.5, 128.0, 126.5, 112.0, 79.6, 60.5, 28.2, 19.7, 19.6; IR (neat, 

cm-1): 2970, 2930, 2874, 1668, 1633, 1496, 1469, 1387, 1197, 1143, 1094, 1057; MS 

(70 eV, EI) m/z (%): 215 (M+, 15.90), 83 (100); HRMS Calcd for C14H17NO (M+): 

215.1310, Found: 215.1303. 

 

(26) (S)-5-(1-Phenylvinyl)-2-(tert-butyl)-4,5-dihydrooxazole ((S)-3ma) (Scheme 5) 

(yz-5-115) 

tBu N
H

O
Pd2(dba)3•CHCl3 (2.5 mol%)

Cs2CO3 (2 equiv), benzene

rt (0.5 h), then 90 oC (108 h)
0.5 mmol

2 equiv

L10 (7.6 mol%)

57% yield, 92% ee

N

O
tBu Ph

NH
HN

O

O

PPh2

PPh2

L10

PhI

1m
2a

(S)-3ma

 

Typical Procedure II: After the Schlenk tube containing Cs2CO3 (326.6 mg, 1.0 

mmol) was dried for 3 minutes with a heating gun under vacuum and filled with argon, 

Pd2(dba)3·CHCl3 (12.9 mg, 0.0125 mmol), (R,R)-ANDEN-Phenyl Trost ligand (L10) 
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(30.8 mg, 0.0379 mmol), 1m (75.2 mg, 0.49 mmol), 2a (205.0 mg, 1.0 mmol), and 

benzene (6.0 mL) were added sequentially. The resulting mixture was stirred for 0.5 h 

at rt and then transferred to oil bath preheated at 90 oC. When the reaction was 

complete as monitored by TLC, the mixture was filtrated through a short pad of silica 

gel with Et2O (25 mL) as eluent. After removal of the solvent under vacuum, the 

residue was purified by flash chromatography on silica gel to afford (S)-3ma (64.2 mg, 

57%) (eluent: petroleum ether (b.p. 60-90 oC)/ethyl acetate = 5/1) as a liquid: 92% ee 

(HPLC conditions: AD-H column, hexane/i-PrOH = 100/1, 1.0 mL/min, λ = 214 nm, 

tR (minor) = 9.8 min, tR (major) = 11.8 min); [α]22
D = +70.1 (c = 1.02, CHCl3); 

1H 

NMR (400 MHz, CDCl3) δ = 7.39-7.28 (m, 5 H, Ar-H), 5.44-5.36 (m, 2 H, OCH + 

one proton in =CH2), 5.33 (s, 1 H, one proton in =CH2), 4.06 (dd, J1 = 14.0 Hz, J2 = 

10.4 Hz, 1 H, one proton in NCH2), 3.57 (dd, J1 = 14.2 Hz, J2 = 7.8 Hz, 1 H, one 

proton in NCH2), 1.28 (s, 9 H, 3×CH3); 
13C NMR (100 MHz, CDCl3) δ = 174.0, 

147.4, 138.0, 128.5, 128.0, 126.5, 111.9, 79.7, 60.6, 33.3, 27.7; IR (neat, cm-1): 2971, 

1661, 1480, 1394, 1265, 1131; MS (70 eV, EI) m/z (%): 229 (M+, 38.43), 97 (100); 

HRMS Calcd for C15H19NO (M+): 229.1467, Found: 229.1472. 

 

The following compounds (S)-3ao to (S)-3aq were prepared according to this 

Typical Procedure II. 

 

(27) (S)-5-(1-(4-Aminophenyl)vinyl)-2-phenyl-4,5-dihydrooxazole ((S)-3ao)) 

(Table 3) (yz-5-103) 

Ph N
H

O
Pd2(dba)3•CHCl3 (2.5 mol%)

Cs2CO3 (2 equiv), benzene

rt (0.5 h), then 90 oC (52 h)
0.5 mmol

2 equiv

L10 (7.5 mol%)

81% yield, 85% ee

N

OPh

NH
HN

O

O

PPh2

PPh2

L10

NH2
I

NH2

1a
2o

(S)-3ao

 

The reaction of Pd2(dba)3·CHCl3 (13.0 mg, 0.0126 mmol), L10 (30.6 mg, 0.0376 

mmol), Cs2CO3 (324.8 mg, 1.0 mmol), 1a (86.8 mg, 0.5 mmol), and 2o (218.5 mg, 

1.0 mmol) in benzene (6.0 mL) afforded (S)-3ao (107.2 mg, 81%) (eluent: petroleum 

ether (b.p. 60-90 oC)/ethyl acetate = 2/1) as a liquid: 85% ee (HPLC conditions: AS-H 
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column, hexane/i-PrOH = 90/10, 1.0 mL/min, λ = 214 nm, tR (minor) = 22.0 min, tR 

(major) = 17.0 min); [α]24
D = +173.3 (c = 1.03, CHCl3); 

1H NMR (400 MHz, CDCl3) 

δ = 8.02 (d, J = 7.2 Hz, 2 H, Ar-H), 7.53-7.47 (m, 1 H, Ar-H), 7.47-7.40 (m, 2 H, 

Ar-H), 7.19 (d, J = 8.8 Hz, 2 H, Ar-H), 6.66 (d, J = 8.4 Hz, 2 H, Ar-H), 5.61-5.53 (m, 

1 H, OCH), 5.34 (s, 1 H, one proton in =CH2), 5.27 (s, 1 H, one proton in =CH2), 4.29 

(dd, J1 = 14.6 Hz, J2 = 10.2 Hz, 1 H, one proton in NCH2), 3.84-3.66 (m, 3 H, NH2 + 

one proton in NCH2); 
13C NMR (100 MHz, CDCl3) δ = 163.8, 146.4, 146.2, 131.3, 

128.4, 128.2, 127.9, 127.7, 127.4, 114.9, 109.4, 80.1, 61.2; IR (neat, cm-1): 3332, 

3204, 1644, 1606, 1516, 1370, 1334, 1259, 1177, 1083, 1064, 1024; MS (70 eV, EI) 

m/z (%): 264 (M+, 28.02), 117 (100); HRMS Calcd for C17H16N2O (M+): 264.1263, 

Found: 264.1265. 

 

(28) (S)-5-(1-(4-(Methoxycarbonyl)phenyl)vinyl)-2-phenyl-4,5-dihydrooxazole 

(Table 3) ((S)-3ap)) (yz-5-108) 

 

The reaction of Pd2(dba)3·CHCl3 (13.1 mg, 0.0127 mmol), L10 (30.6 mg, 0.0376 

mmol), Cs2CO3 (326.5 mg, 1.0 mmol), 1a (86.9 mg, 0.5 mmol), and 2p (261.3 mg, 

1.0 mmol) in benzene (6.0 mL) afforded (S)-3ap (130.3 mg, 85%) (eluent: petroleum 

ether (b.p. 60-90 oC)/ethyl acetate = 3/1) as a solid: M.P. 81.7-82.6 oC (petroleum 

ether/ethyl acetate); 94% ee (HPLC conditions: OJ-H column, hexane/i-PrOH = 95/5, 

1.0 mL/min, λ = 214 nm, tR (minor) = 49.0 min, tR (major) = 53.9 min); [α]21
D = 

+164.4 (c = 1.00, CHCl3); 
1H NMR (400 MHz, CDCl3) δ = 8.05-7.98 (m, 4 H, Ar-H), 

7.55-7.49 (m, 1 H, Ar-H), 7.48-7.41 (m, 4 H, Ar-H), 5.66-5.59 (m, 1 H, OCH), 5.56 (s, 

1 H, one proton in =CH2), 5.53 (s, 1 H, one proton in =CH2), 4.31 (dd, J1 = 14.6 Hz, 

J2 = 10.2 Hz, 1 H, one proton in NCH2), 3.92 (s, 3 H, OCH3), 3.79 (dd, J1 = 14.8 Hz, 

J2 = 7.6 Hz, 1 H, one proton in NCH2); 
13C NMR (100 MHz, CDCl3) δ = 166.6, 163.7, 

146.0, 142.3, 131.5, 129.8, 129.6, 128.4, 128.1, 127.4, 126.5, 114.4, 79.7, 60.8, 52.1; 



S29 
 

IR (neat, cm-1): 1712, 1642, 1606, 1434, 1334, 1262, 1189, 1114, 1061; MS (70 eV, EI) 

m/z (%): 307 (M+, 21.13), 117 (100); Anal. Calcd for C19H17NO3: C 74.25, H 5.58, N 

4.56; Found: C 74.26, H 5.50, N 4.43. 

 

(29) (S)-5-(1-(4-(Formyl)phenyl)vinyl)-2-phenyl-4,5-dihydrooxazole ((S)-3aq) 

(Table 3) (yz-5-111) 

Ph N
H

O
Pd2(dba)3•CHCl3 (2.5 mol%)

Cs2CO3 (2 equiv), benzene

rt (0.5 h), then 90 oC (108 h)
0.5 mmol

2 equiv

L10 (7.5 mol%)

80% yield, 92% ee

N

OPh

NH
HN

O

O

PPh2

PPh2

L10

CHO
I

CHO

1a
2q

(S)-3aq

 

The reaction of Pd2(dba)3·CHCl3 (13.0 mg, 0.0126 mmol), L10 (30.6 mg, 0.0376 

mmol), Cs2CO3 (325.9 mg, 1.0 mmol), 1a (86.7 mg, 0.5 mmol), and 2q (232.2 mg, 

1.0 mmol) in benzene (6.0 mL) afforded (S)-3aq (110.5 mg, 80%) (eluent: petroleum 

ether (b.p. 60-90 oC)/ethyl acetate = 3/1) as a solid: M.P. 86.0-87.5 oC (petroleum 

ether/ethyl acetate); 92% ee (HPLC conditions: AS-H column, hexane/i-PrOH = 95/5, 

1.0 mL/min, λ = 214 nm, tR (minor) = 38.8 min, tR (major) = 27.6 min); [α]23
D = 

+153.3 (c = 1.01, CHCl3); 
1H NMR (400 MHz, CDCl3) δ = 10.02 (s, 1 H, CHO), 8.00 

(d, J = 8.0 Hz, 2 H, Ar-H), 7.88 (d, J = 7.6 Hz, 2 H, Ar-H), 7.59-7.49 (m, 3 H, Ar-H), 

7.48-7.41 (m, 2 H, Ar-H), 5.67-5.55 (m, 3 H, =CH2 + OCH), 4.33 (dd, J1 = 14.8 Hz, 

J2 = 10.0 Hz, 1 H, one proton in NCH2), 3.81 (dd, J1 = 14.8 Hz, J2 = 8.0 Hz, 1 H, one 

proton in NCH2); 
13C NMR (100 MHz, CDCl3) δ = 191.6, 163.7, 145.9, 143.9, 135.7, 

131.5, 129.9, 128.4, 128.1, 127.3, 127.1, 115.3, 79.7, 60.8; IR (neat, cm-1): 1699, 

1649, 1601, 1332, 1262, 1174, 1080,1062; MS (70 eV, EI) m/z (%): 277 (M+, 19.81), 

117 (100); Anal. Calcd for C18H15NO2: C 77.96, H 5.45, N 5.05; Found: C 77.69, H 

5.30, N 4.89. 

 

Synthetic Applications: 

(1) (S)-N-(2-Hydroxy-3-(4-methoxyphenyl)but-3-en-1-yl)benzamide ((S)-4a) 

(Scheme 6) (lhw-15-26)[3] 
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N

OPh

OMe

1) 1 N HCl, THF/MeOH
rt, 12 h

2) NaHCO3, rt, 3 h BzHN

OMe

OH

94% yield, 91% ee

(S)-3ag, 92% ee (S)-4a

 

An aqueous solution of 1 N HCl (6 mL, 6.0 mmol) was added to a solution of 

oxazoline (S)-3ag (84.3 mg, 0.30 mmol) in THF (10 mL) and MeOH (10 mL) with 

stirring at room temperature and the resulting mixture was stirred for 12 h. A sat. 

aqueous solution of NaHCO3 (25 mL) was added, and stirring was allowed to 

continue at room temperature for 3 h. Water (30 mL) was added and the resulting 

mixture was extracted with EtOAc ( 40 mL×3 ), washed with brine (40 mL), dried 

with MgSO4, and evaporated in vacuo. Purification via silica gel chromatography 

afforded amino alcohol (S)-4a (84.3 mg, 94%) (eluent: petroleum ether (b.p. 60-90 

oC)/ethyl acetate = 2/1 to 1/1) as a solid: M.P. 127.8-128.2 oC (petroleum ether/ethyl 

acetate); 91% ee (HPLC conditions: OD-H column, hexane/i-PrOH = 80/20, 1.0 

mL/min, λ = 214 nm, tR (minor) = 11.2 min, tR (major) = 16.0 min); [α]20
D = +9.5 (c = 

0.99, CHCl3); 
1H NMR (400 MHz, CDCl3) δ = 7.75-7.69 (m, 2 H, Ar-H), 7.52-7.46 

(m, 1 H, Ar-H), 7.44-7.37 (m, 2 H, Ar-H), 7.34 (d, J = 8.4 Hz, 2 H, Ar-H), 6.87 (d, J = 

8.8 Hz, 2 H, Ar-H), 6.69-6.59 (m, 1 H, NH), 5.43 (s, 1 H, one proton in =CH2), 5.35 (s, 

1 H, one proton in =CH2), 4.91-4.84 (m, 1 H, OCH), 3.84-3.75 (m, 4 H, one proton in 

NCH2 and OCH3), 3.73 (brs, 1 H, OH), 3.35-3.26 (m, 1 H, one proton in NCH2); 
13C 

NMR (100 MHz, CDCl3) δ = 168.8, 159.4, 148.2, 134.0, 131.7, 131.6, 128.6, 127.7, 

126.9, 114.0, 112.4, 72.9, 55.3, 45.6; IR (neat, cm-1): 3308, 1630, 1604, 1537, 1511, 

1322, 1244, 1185, 1110, 1061, 1027; MS (70 eV, EI) m/z (%): 298 (M++1, 0.83), 297 

(M+, 4.03), 105 (100); Anal. Calcd for C18H19NO3: C 72.71, H 6.44, N 4.71; Found: C 

72.55, H 6.40, N 4.79. 

 

(2) (S)-N-(3-(4-Bromophenyl)-2-hydroxybut-3-en-1-yl)benzamide ((S)-4b) 

(Scheme 6) (lhw-15-40)[3] 
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An aqueous solution of 1 N HCl (6 mL, 6.0 mmol) was added to a solution of 

oxazoline (S)-3al (97.7 mg, 0.30 mmol) in THF (10 mL) and MeOH (10 mL) with 

stirring at room temperature and the resulting mixture was stirred for 12 h. A sat. 

aqueous solution of NaHCO3 (25 mL) was added, and stirring was allowed to 

continue at room temperature for 3 h. Water (30 mL) was added in the reaction 

mixture and the resulting mixture was extracted with EtOAc ( 40 mL×3 ), washed 

with brine (40 mL), dried with MgSO4, and evaporated in vacuo. Purification via 

silica gel chromatography afforded amino alcohol (S)-4b (96.4 mg, 94%) (eluent: 

petroleum ether (b.p. 60-90 oC)/ethyl acetate = 2/1 to 3/2) as a solid: M.P. 124.3-124.9 

oC (petroleum ether/ethyl acetate); 94% ee (HPLC conditions: OD-H column, 

hexane/i-PrOH = 80/20, 1.0 mL/min, λ = 214 nm, tR (minor) = 12.0 min, tR (major) = 

14.7 min); [α]20
D = +15.3 (c = 1.01, CHCl3); 

1H NMR (400 MHz, CDCl3) δ = 7.70 (d, 

J = 7.6 Hz, 2 H, Ar-H), 7.54-7.35 (m, 5 H, Ar-H), 7.25 (d, J = 8.4 Hz, 2 H, Ar-H), 

6.74-6.65 (m, 1 H, NH), 5.52 (s, 1 H, one proton in =CH2), 5.40 (s, 1 H, one proton in 

=CH2), 4.87-4.79 (m, 1 H, OCH), 3.99 (d, J = 4.0 Hz, 1 H, OH), 3.77-3.67 (m, 1 H, 

one proton in NCH2), 3.35-3.23 (m, 1 H, one proton in NCH2); 
13C NMR (100 MHz, 

CDCl3) δ = 168.9, 147.9, 138.1, 133.7, 131.8, 131.7, 128.6, 128.3, 126.9, 122.0, 114.5, 

72.8, 45.6; IR (neat, cm-1): 3355, 1614, 1533, 1487, 1319, 1080, 1006; MS (70 eV, EI) 

m/z (%): 348 (M+(81Br)+1, 0.35), 347 (M+(81Br), 1.32), 346 (M+(79Br)+1, 0.28), 345 

(M+(79Br), 1.32), 105 (100); Anal. Calcd for C17H16BrNO2: C 58.98, H 4.66, N 4.05; 

Found: C 59.06, H 4.73, N 3.90. 

 

(3) (S)-5-(1-(4-(5-Chloro-1H-indol-1-yl)phenyl)vinyl)-2-phenyl-4,5-dihydro- 

oxazole ((S)-5) (Scheme 6) (lwl-9-61)[4] 
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N

OPh

Br

(S)-3al, 93% ee

N
H

Cl
CuI (50 mol%)

Et2NH (1 equiv)

K3PO4 (2 equiv)

dioxane, 120 oC, 96 h
N

O
Ph

N

Cl

4.0 equiv

76% yield, 91% ee

(S)-5

 

After the screw-capped reaction tube containing K3PO4 (170.0 mg, 0.80 mmol) 

was dried for 3 minutes with a heating gun under vacuum and filled with argon, CuI 

(38.1 mg, 0.20 mmol), (S)-3al (130.9 mg, 0.40 mmol), and 5-chloro-1H-indole (242.7 

mg, 1.6 mmol) were added sequentially. After replacing air with argon for three times 

under vacuum, diethylamine (42.0 μL, d = 0.70 g/mL, 29.4 mg, 0.40 mmol) and 

dioxane (1.0 mL) were then added. The resulting mixture was stirred for 96 h in the 

oil bath of 120 oC. When the reaction was complete as monitored by TLC, the mixture 

was passed through a short pad of silica gel with a mixed solvent (EtOAc/CH2Cl2 = 

1/1, 50 mL) as eluent. After removal of the solvent under vacuum, the residue was 

purified by flash chromatography on silica gel to afford (S)-5 (121.8 mg, 76%) (eluent: 

petroleum ether (b.p. 60-90 oC)/ethyl acetate = 10/1 to CH2Cl2/ethyl acetate = 1000/1) 

as a solid: M.P. 192-193 oC (ethyl acetate); 91% ee (HPLC conditions: IE-3 column, 

hexane/i-PrOH/DEA = 90/10/0.1%, 0.7 mL/min, λ = 254 nm, tR (minor) = 21.9 min, 

tR (major) = 19.5 min); [α]30
D = +135.3 (c = 1.10, CHCl3); 

1H NMR (400 MHz, 

CDCl3) δ = 8.03 (d, J = 7.6 Hz, 2 H, Ar-H), 7.64 (d, J = 1.6 Hz, 1 H, Ar-H), 7.58-7.40 

(m, 8 H, Ar-H), 7.34 (d, J = 3.2 Hz, 1 H, Ar-H), 7.17 (dd, J1 = 9.2 Hz, J2 = 1.2 Hz, 1 

H, Ar-H), 6.62 (d, J = 3.2 Hz, 1 H, Ar-H), 5.64 (t, J = 9.0 Hz, 1 H, OCH), 5.53 (s, 1 H, 

one proton in =CH2), 5.50 (s, 1 H, one proton in =CH2), 4.35 (dd, J1 = 14.6 Hz, J2 = 

10.2 Hz, 1 H, one proton in NCH2), 3.87 (dd, J1 = 14.8 Hz, J2 = 8.0 Hz, 1 H, one 

proton in NCH2); 
13C NMR (100 MHz, CDCl3) δ = 163.9, 145.9, 139.1, 136.4, 134.1, 

131.5, 130.4, 129.0, 128.5, 128.2, 128.0, 127.5, 126.1, 124.2, 122.7, 120.5, 113.6, 

111.5, 103.4, 80.1, 61.0; IR (neat, cm-1): 2932, 2865, 1652, 1607, 1523, 1459, 1366, 

1333, 1262, 1084, 1064, 1025; MS (70 eV, EI) m/z (%): 401 (M+(37Cl)+1, 4.55), 400 
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(M+(37Cl), 18.59), 399 (M+(35Cl)+1, 16.23), 398 (M+(35Cl), 49.48), 117 (100); Anal. 

Calcd for C25H19ClN2O: C 75.28, H 4.80, N 7.02; Found: C 75.22, H 4.92, N 6.83. 

 

(4) (R)-(4-Bromophenyl)(4,5-dihydro-2-phenyl-5-oxazolyl)methanone, ((R)-6) 

(Scheme 6) (lwl-9-40)[5] 

N

OPh

Br

(S)-3al, 93% ee

N

OPh

O

Br

1) O3 (1 atm), CH2Cl2
-78 oC, 2 min

2) PPh3 (1.5 equiv)

rt, 5 h

81% yield, 92% ee

(R)-6

 

To a dried Schlenk tube were added (S)-3al (98.5 mg, 0.3 mmol) and CH2Cl2 

(6.0 mL). The resulting solution was cooled with a dry ice/acetone bath (-78 oC). A 

stream of ozone was passed through the solution until the resulting solution became 

blue (2 min). The resulting mixture was quenched with the addition of PPh3 (118.1 mg, 

0.45 mmol). After warming to room temperature with stirring for 5 h, the resulting 

mixture was trasferred to a round bottom flask with CH2Cl2 (10 mL) and evaporated. 

The residue was purified by flash chromatography on silica gel to afford (R)-6 (80.0 

mg, 81%) (eluent: petroleum ether (b.p. 60-90 oC)/ethyl acetate = 10/1) as a solid: 

M.P. 125-127 oC (ethyl acetate); 92% ee (HPLC conditions: OJ column, 

hexane/i-PrOH = 70/30, 1.0 mL/min, λ = 214 nm, tR (minor) = 18.1 min, tR (major) = 

26.8 min); [α]28
D = +59.6 (c = 1.05, CHCl3); 

1H NMR (400 MHz, CDCl3) δ = 

8.01-7.92 (m, 2 H, Ar-H), 7.88 (d, J = 8.4 Hz, 2 H, Ar-H), 7.67 (d, J = 8.8 Hz, 2 H, 

Ar-H), 7.50 (t, J = 7.4 Hz, 1 H, Ar-H), 7.42 (d, J = 7.4 Hz, 2 H, Ar-H), 5.77 (dd, J1 = 

11.2 Hz, J2 = 7.6 Hz, 1 H, OCH), 4.43 (dd, J1 = 15.0 Hz, J2 = 11.0 Hz, 1 H, one 

proton in NCH2), 4.32 (dd, J1 = 15.2 Hz, J2 = 7.6 Hz, 1 H, one proton in NCH2); 
13C 

NMR (100 MHz, CDCl3) δ = 194.2, 163.8, 132.9, 132.2, 131.7, 130.3, 129.3, 128.4, 

128.3, 126.9, 79.6, 58.2; IR (neat, cm-1): 2962, 2924, 1694, 1651, 1586, 1261, 1084, 

1021; MS (70 eV, EI) m/z (%): 329 (M+(81Br)-2, 40.23), 327 (M+(79Br)-2, 40.03), 144 

(100); Anal. Calcd for C16H12BrNO2: C 58.20, H 3.66, N 4.24; Found: C 58.33, H 

3.90, N 4.30. 
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