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1. General Information  

Unless otherwise noted, all reactions were performed under an argon atmosphere in glassware 

with magnetic stirring. Other reagents were purchased from commercial sources and used without 

further purification. All solvents used were treated prior to use according to the standard methods. 

Column chromatography was performed on silica gel (200 - 300 mesh) using petroleum 

ether/ethyl acetate as eluent. 1H NMR, 19F NMR and 13C NMR were obtained on a Bruker Avance 

II 400 MHz, Varian DLG 400, Bruker AVANCE II 500 and Bruker Avance NEO 600M NMR 

Spectroscopy recorded in ppm (δ) downfield of TMS (δ = 0) in CDCl3 unless noted otherwise. 

Melting points were recorded on a Novel X-4 spectrometer. HRMS (ESI) were recorded on a 

Waters Synapt G2 Si. The enantiomeric excess was determined by chiral HPLC with n-hexane and 

i-propanol as eluents. Optical rotations were measured on a Rudolph AUTOPOL IV polarimeter. 

X-ray analysis was performed on a Bruker D8 Venture diffractometer. 1b, 1d and 1h–1j were 

synthesized through isomerization of corresponding α-(trifluoromethyl)alkenyl esters in the 

presence of 1,8-Diazabicyclo[5.4.0]undec-7-ene (DBU) according to our previous work.[1] Other 

α-(trifluoromethyl)allyl esters were prepared by the reaction of corresponding allylic alcohols 

with AcCl, Boc2O or methyl chloroformate,[2]  and substituted azlactones were prepared 

according to the literature.[3]  
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2. Experimental procedure 

2.1 Procedure for the synthesis of α-(trifluoromethyl)allyl esters 

 
Dissolving the corresponding α-(trifluoromethyl)alkenyl esters (20 mmol) in 1,4-dioxane (40 mL) 

at 15 °C under argon atmosphere, and DBU (60 mmol, 3.0 equiv.) was added slowly. The reaction 

mixture was stirred at 15 °C for 24 h. After the reaction was completed (monitored by TLC), the 

solution was concentrated under reduced pressure and the crude was purified by column 

chromatography on silica gel to afford the products 1b, 1d and 1h-1j. 

 

 

2.2 General procedure for the asymmetric trifluoromethylated allylic alkylation of 

substituted azlactones 

 

A flame-dried 25 mL Schlenk tube with a stirring bar was charged with Pd(OAc)2 (0.02 mmol, 10 

mol%), (R)-BINAP (0.05 mmol, 25 mol%) and THF (2.0 mL) under argon atmosphere, then the 

mixture was stirred at 15 °C for 20 min. Subsequently, allyl esters 1 (0.6 mmol, 3.0 equiv.), 2 (0.2 

mmol, 1.0 equiv.), Cs2CO3 (0.4 mmol, 2.0 equiv.) and THF (2.0 mL) were added. The mixture was 

stirred at 15 °C for 96-144 h (monitored by TLC). After the reaction was completed, the solution 

was filtered and filtrate was concentrated under reduced pressure, the crude was purified by 

column chromatography on silica gel to afford the desired products 3. 

 

 

2.3 Procedure for gram-scale synthesis of 3a 
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1.26 g, 74% yield
76:24 dr, 93% ee  
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A flame-dried 200 mL Schlenk tube with a stirring bar was charged with Pd(OAc)2 (85.3 mg, 0.38 

mmol, 10 mol%), (R)-BINAP (591.5 mg, 0.95 mmol, 25 mol%) and THF (38.0 mL) under argon 

atmosphere, then the mixture was stirred at 15 °C for 20 min. Subsequently, allyl esters 1 (2942 

mg, 11.4 mmol, 3.0 equiv.), 2 (954 mg, 3.8 mmol, 1.0 equiv.), Cs2CO3 (2476 mg, 7.6 mmol, 2.0 

equiv.) and THF (38 mL) were added. The mixture was stirred at 15 °C for 96 h (monitored by 

TLC). After the reaction was completed, the solution was filtered and filtrate was concentrated 

under reduced pressure, the crude was purified by column chromatography on silica gel to afford 

the desired products 3a (1.26 g, 74% yield, 76:24 dr, 93% ee for the major diastereoisomer). 

 

 

2.5 Procedure for the transformations of 3a 

 

To a solution of 3a (50 mg, 0.11 mmol) in CH3OH (2.0 mL) was added 5% Pd/C (10 mg, 20% 

w/w). The resulting mixture was degassed and stirred under hydrogen gas balloon pressure at 

25 °C. After the completion of hydrogenation (monitored by TLC), the mixture was filtered, 

concentrated under reduced pressure, and the crude was purified by column chromatography on 

silica gel to afford the desired product 4a (80% yield, 93% ee). 

 

 

 

To a solution of 3a (60 mg, 0.13 mmol) in THF (2.0 mL) was added 6 N HCl (1 mL), the reaction 

mixture was stirred at 0 °C until 3a was completely consumed. Then, water (20 mL) was added to 

the reaction system and extracted with CH2Cl2 (3 × 10 mL). The organics were combined and 

dried over Na2SO4 and concentrated under vacuum and purified by silica-gel column 

chromatography to give 5a (90% yield, 93% ee). 
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To a solution of 3a (202 mg, 0.45 mmol) in MeOH (5.0 mL) was added K2CO3 (25 mg, 0.18 

mmol, 40 mol%) at 35 °C and the reaction mixture was stirred overnight before concentrated in 

vacuo and purified by silica-gel column chromatography to give 6a (99% yield, 91% ee). 

 

 

 

A flame-dried 25 mL Schlenk tube with a stirring bar was charged with LiAlH4 (17 mg, 0.45 

mmol, 3.0 equiv.) and THF (1.5 mL) under argon atmosphere, then the mixture was cooled to 0 °C, 

and 6a (72 mg, 0.15 mmol, 1.0 equiv.) was added in portions, then the reaction was warmed to 

room temperature. After the reaction was completed, sodium hydroxide solution (15%, 2 mL) was 

added to quench the reaction. Then, water (20 mL) was added to the reaction system and extracted 

with CH2Cl2 (3 × 20 mL). The combined organic extracts were dried over Na2SO4 and the solvent 

was removed under reduced pressure. The crude product was purified by column chromatography 

on silica gel to afford the product 7a (85% yield, 91% ee). 
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3. Crystal data and structure refinement for 3v 

The crystals of 3v were obtained by slow evaporation of the solution (in Et2O) in the refrigerator. 

 
Empirical formula C27H21ClF3NO2 

Formula weight 483.12 
Temperature/K 120 
Crystal system orthorhombic 
Space group P212121 

a/Å 27.5771(16) 
b/Å 6.7609(4) 
c/Å 15.3198(9) 
α/° 90 
β/° 90 
γ/° 90 

Volume/Å3 2613.9(3) 
Z 4 

ρcalcg/cm3 1.230 
μ/mm-1 0.190 
F(000) 1000.0 

Crystal size/mm3 0.2 × 0.15 × 0.1 
Radiation MoKα (λ = 0.71073) 

2Θ range for data collection/° 5.812 to 50 
Index ranges -32 ≤ h ≤ 32, -8 ≤ k ≤ 8, -18≤ l ≤ 18 

Reflections collected 23905 
Independent reflections 4443 [Rint = 0.0802, Rsigma = 0.0695] 

Data/restraints/parameters 4443/1/309 
Goodness-of-fit on F2 1.024 

Final R indexes [I>=2σ (I)] R1 = 0.0571, wR2 = 0.1358 
Final R indexes [all data] R1 = 0.0838, wR2 = 0.1470 

Largest diff. peak/hole / e Å-3 0.23/-0.27 
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4. Experimental characterization data for new products 

(E)-1,1,1-Trifluoro-4-(m-tolyl)but-3-en-2-yl acetate (1b) 

 Purified using a Biotage flash chromatography system (PE/EtOAc, 

10:1). Yield: 4.4 g (85%); pale yellow oil. 1H NMR (500 MHz, CDCl3) 

δ = 7.25 – 7.17 (m, 3H), 7.13 – 7.09 (m, 1H), 6.82 (d, J = 15.9 Hz, 1H), 

6.10 (dd, J = 15.9, 7.8 Hz, 1H), 5.86 – 5.77 (m, 1H), 2.33 (s, 3H), 2.15 

(s, 3H). 13C NMR (101 MHz, CDCl3) δ = 168.8, 138.9, 138.4, 135.0, 129.9, 128.7, 127.7, 124.2, 

123.3 (q, J = 280.4 Hz), 117.1, 71.2 (q, J = 33.5 Hz), 21.3, 20.6. 19F NMR (376 MHz, CDCl3) δ = 

-76.50 (d, J = 6.7 Hz). HRMS (EI) m/z: calcd for C13H13F3O2 [M
+] 258.0868, found: 258.0866.  

 

 

(E)-1,1,1-Trifluoro-4-(4-isopropylphenyl)but-3-en-2-yl acetate (1d) 

Purified using a Biotage flash chromatography system (PE/EtOAc, 

10:1). Yield: 4.7 g (83%); pale yellow oil. 1H NMR (500 MHz, 

CDCl3) δ = 7.34 (m, 2H), 7.20 (m, 2H), 6.84 (d, J = 15.9 Hz, 1H), 

6.07 (dd, J = 15.9, 7.9 Hz, 1H), 5.86 – 5.77 (m, 1H), 2.94 – 2.85 (m, 

1H), 2.15 (s, 3H), 1.24 (d, J = 7.0 Hz, 6H). 13C NMR (126 MHz, 

CDCl3) δ = 168.8, 150.2, 138.8, 132.7, 127.1, 126.8, 123.3 (q, J = 280.3 Hz), 116.3, 71.2 (q, J = 

33.5 Hz), 34.0, 23.8, 20.6. 19F NMR (470 MHz, CDCl3) δ = -76.54 (d, J = 6.9 Hz). HRMS (EI) m/z: 

calcd for C15H17F3O2 [M
+] 286.1181, found: 286.1182.  

 

(E)-1,1,1-Trifluoro-4-(3-(trifluoromethyl)phenyl)but-3-en-2-yl acetate (1h) 

Purified using a Biotage flash chromatography system (PE/EtOAc, 

10:1). Yield: 5.0 g (80%); yellow oil. 1H NMR (400 MHz, CDCl3) δ 

= 7.66 (s, 1H), 7.62 – 7.54 (m, 2H), 7.52 – 7.44 (m, 1H), 6.89 (d, J 

= 15.9 Hz, 1H), 6.19 (dd, J = 15.9, 7.5 Hz, 1H), 5.89 – 5.78 (m, 

1H), 2.20 (s, 3H). 13C NMR (126 MHz, CDCl3) δ = 168.8, 137.0, 

135.8, 131.3 (q, J = 32.4 Hz), 130.1, 129.2, 125.5 (q, J = 3.8 Hz), 123.9 (q, J = 272.3 Hz), 123.6 

(q, J = 3.9 Hz), 123.0 (q, J = 280.5 Hz), 119.4, 70.7 (q, J = 33.6 Hz), 20.5. 19F NMR (470 MHz, 

CDCl3) δ = -62.97 (s, 3F), -76.49 (d, J = 6.8 Hz, 3F). HRMS (EI) m/z: calcd for C13H10F6O2 [M
+] 

312.0585, found: 312.0586.  

 

 

(E)-1,1,1-Trifluoro-4-(naphthalen-2-yl)but-3-en-2-yl acetate (1i) 

Purified using a Biotage flash chromatography system (PE/EtOAc, 

10:1). Yield: 5.0 g (85%); white solid; mp 111–112 °C. 1H NMR 

(400 MHz, CDCl3) δ = 7.88 – 7.81 (m, 4H), 7.65 – 7.59 (m, 1H), 

7.55 – 7.48 (m, 2H), 7.05 (d, J = 15.9 Hz, 1H), 6.26 (dd, J = 15.9, 

7.8 Hz, 1H), 5.97 – 5.86 (m, 1H), 2.23 (s, 3H). 13C NMR (126 MHz, CDCl3) δ = 168.9, 138.9, 

133.7, 133.4, 132.5, 128.5, 128.3, 127.9, 127.8, 126.7, 126.6, 123.3 (q, J = 280.5 Hz), 123.3, 

117.6, 71.2 (q, J = 33.5 Hz), 20.7. 19F NMR (470 MHz, CDCl3) δ = -76.34 (d, J = 6.7 Hz). HRMS 

CF3

OAc
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(EI) m/z: calcd for C16H13F3O2 [M
+] 294.0868, found: 294.0864. 

 

 

(E)-4-([1,1'-Biphenyl]-4-yl)-1,1,1-trifluorobut-3-en-2-yl acetate (1j) 

Purified using a Biotage flash chromatography system (PE/EtOAc, 

10:1). Yield: 5.6 g (87%); white solid; mp 157–158 °C. 1H NMR 

(400 MHz, CDCl3) δ = 7.65 – 7.59 (m, 4H), 7.55 – 7.43 (m, 4H), 

7.43 – 7.35 (m, 1H), 6.93 (d, J = 15.9 Hz, 1H), 6.18 (dd, J = 15.9, 7.8 

Hz, 1H), 5.93 – 5.82 (m, 1H), 2.22 (s, 3H). 13C NMR (126 MHz, 

CDCl3) δ = 168.9, 141.9, 140.4, 138.4, 134.0, 128.9, 127.7, 127.5, 127.4, 127.0, 123.3 (q, J = 

280.5 Hz), 117.3, 71.1 (q, J = 33.5 Hz), 20.7. 19F NMR (470 MHz, CDCl3) δ = -76.39 (d, J = 6.8 

Hz). HRMS (EI) m/z: calcd for C18H15F3O2 [M
+] 320.1024, found: 320.1021. 

 

 

(S)-4-Benzyl-2-phenyl-4-((S,E)-4,4,4-trifluoro-1-(p-tolyl)but-2-en-1-yl)oxazol-5(4H)-one (3a) 

Purified using a Biotage flash chromatography system (PE/EtOAc, 

20:1). Yield: 70.1 mg (78%); white solid; mp 137–138 °C; 75:25 

dr; 91% ee (major diastereoisomer)；[α]20
D = +5.29 (c 0.12, 

CH2Cl2). The major diastereoisomer: 1H NMR (400 MHz, CDCl3) 

δ = 7.75 (m, 2H), 7.58 – 7.49 (m, 1H), 7.41 (m, 2H), 7.20 – 7.03 

(m, 8H), 7.05 – 6.99 (m, 2H), 6.07 – 5.92 (m, 1H), 4.02 (d, J = 9.9 

Hz, 1H), 3.38 (d, J = 13.3 Hz, 1H), 3.18 (d, J = 13.3 Hz, 1H), 2.25 

(s, 3H). 13C NMR (101 MHz, CDCl3) δ = 177.7, 160.9, 137.9, 137.7 (q, J = 6.6 Hz), 133.8, 133.1, 

132.6, 130.2, 129.4, 128.7, 128.6, 128.2, 127.8, 127.3, 125.4, 122.7 (q, J = 270.2 Hz), 122.1 (q, J 

= 33.9 Hz), 77.9, 54.3, 42.4, 21.0. 19F NMR (376 MHz, CDCl3) δ = -63.97 (d, J = 6.2 Hz). HPLC 

analysis: Daicel CHIRALPAK OD-H, n-hexane/i-PrOH= 50/1, flow rate = 0.6 mL/min, λ = 254 

nm, retention time: tmajor = 10.55 min, tminor = 9.23 min. HRMS (ESI) m/z: calcd for C27H23F3NO2 

[M + H]+ 450.1675, found: 450.1672. 
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(S)-4-Benzyl-2-phenyl-4-((S,E)-4,4,4-trifluoro-1-(m-tolyl)but-2-en-1-yl)oxazol-5(4H)-one (3b) 

Purified using a Biotage flash chromatography system 

(PE/EtOAc, 20:1). Yield: 66.5 mg (74%); white solid; mp 157–

158 °C; 77:23 dr; 90% ee (major diastereoisomer); [α]20
D = +7.69 

(c 0.13, CH2Cl2). The major diastereoisomer: 1H NMR (400 MHz, 

CDCl3) δ = 7.73 – 7.67 (m, 2H), 7.53 – 7.44 (m, 1H), 7.41 – 7.32 

(m, 2H), 7.17 – 7.01 (m, 7H), 7.01 – 6.93 (m, 3H), 6.02 – 5.89 (m, 

1H), 3.95 (d, J = 9.9 Hz, 1H), 3.34 (d, J = 13.3 Hz, 1H), 3.13 (d, J = 13.3 Hz, 1H), 2.13 (s, 3H). 
13C NMR (101 MHz, CDCl3) δ = 177.7, 160.9, 138.2, 137.6 (q, J = 6.5 Hz), 135.9, 133.9, 132.6, 

130.2, 129.7, 128.9, 128.6, 128.5, 128.2, 127.8, 127.3, 125.9, 125.4, 122.6 (q, J = 269.8 Hz), 

122.2 (q, J = 33.9 Hz), 77.8, 54.8, 42.2, 21.2. 19F NMR (376 MHz, CDCl3) δ = -63.96 (d, J = 5.9 

Hz). HPLC analysis: Daicel CHIRALPAK IE, n-hexane/i-PrOH= 500/1, flow rate = 0.8 mL/min, 

λ = 254 nm, retention time: tmajor = 16.79 min, tminor = 14.76 min. HRMS (ESI) m/z: calcd for 

C27H23F3NO2 [M + H]+ 450.1675, found: 450.1674. 

O

N

O

CF3
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(S)-4-Benzyl-2-phenyl-4-((S,E)-4,4,4-trifluoro-1-phenylbut-2-en-1-yl)oxazol-5(4H)-one (3c) 

Purified using a Biotage flash chromatography system 

(PE/EtOAc, 20:1). Yield: 60.9 mg (70%); white solid; mp 167–

168 °C; 72:28 dr; 91% ee (major diastereoisomer); [α]20
D = -3.85 

(c 0.13, CH2Cl2). The major diastereoisomer: 1H NMR (400 MHz, 

CDCl3) δ = 7.77 – 7.70 (m, 2H), 7.57 – 7.49 (m, 1H), 7.45 – 7.37 

(m, 2H), 7.26 – 7.18 (m, 5H), 7.19 – 7.14 (m, 5H), 7.13 – 7.07 (m, 

1H), 6.08 – 5.95 (m, 1H), 4.05 (d, J = 9.9 Hz, 1H), 3.39 (d, J = 

13.3 Hz, 1H), 3.19 (d, J = 13.3 Hz, 1H). 13C NMR (101 MHz, CDCl3) (one aromatic carbon 

missing) δ = 177.7, 160.9, 137.5 (q, J = 6.6 Hz), 136.1, 133.8, 132.7, 130.2, 128.9, 128.6, 128.20, 

128.16, 127.8, 127.4, 125.3, 122.6 (q, J = 269.8 Hz), 122.4 (q, J = 33.9 Hz), 77.8, 54.7, 42.3.  19F 

NMR (376 MHz, CDCl3) δ = -64.00 (d, J = 5.9 Hz). HPLC analysis: Daicel CHIRALPAK IA, n-

hexane/i-PrOH= 500/1, flow rate = 0.8 mL/min, λ = 254 nm, retention time: tmajor = 19.82 min, 

tminor = 20.86 min. HRMS (ESI) m/z: calcd for C26H21F3NO2 [M + H]+ 436.1519, found: 436.1519. 
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(S)-4-Benzyl-2-phenyl-4-((S,E)-4,4,4-trifluoro-1-(4-isopropylphenyl)but-2-en-1-yl)oxazol-

5(4H)-one (3d) 

Purified using a Biotage flash chromatography system 

(PE/EtOAc, 20:1). Yield: 74.4 mg (78%); white solid; mp 134–

135 °C; 77:23 dr; 91% ee (major diastereoisomer); [α]20
D = -0.71 

(c 0.12, CH2Cl2). The major diastereoisomer: 1H NMR (400 MHz, 

CDCl3) δ = 7.71 – 7.65 (m, 2H), 7.52 – 7.44 (m, 1H), 7.44 – 7.32 

(m, 2H), 7.17 – 7.08 (m, 7H), 7.08 – 6.98 (m, 3H), 6.02 – 5.88 (m, 

1H), 3.98 (d, J = 10.0 Hz, 1H), 3.33 (d, J = 13.3 Hz, 1H), 3.13 (d, 

J = 13.3 Hz, 1H), 2.83 – 2.68 (m, 1H), 1.12 (d, J = 7.0Hz, 3H), 

1.11 (d, J = 7.0 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ = 177.8, 

160.9, 148.8, 137.7 (q, J = 6.4 Hz), 133.9, 133.3, 132.6, 130.2, 128.8, 128.6, 128.2, 127.8, 127.3, 

126.7, 125.5, 122.7 (q, J = 269.7 Hz), 122.1 (q, J = 33.9 Hz), 77.9, 54.4, 42.3, 33.6, 23.8. 19F 

NMR (377 MHz, CDCl3) δ = -63.96 (d, J = 6.1 Hz). HPLC analysis: Daicel CHIRALPAK OD-H, 

n-hexane/i-PrOH= 95/5, flow rate = 0.8 mL/min, λ = 254 nm, retention time: tmajor = 5.63 min, 

tminor = 4.99 min. HRMS (ESI) m/z: calcd for C29H27F3NO2 [M + H]+ 478.1988, found: 478.1982. 

O

N

O

CF3
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(S)-4-Benzyl-2-phenyl-4-((S,E)-4,4,4-trifluoro-1-(4-methoxyphenyl)but-2-en-1-yl)oxazol-

5(4H)-one (3e) 

Purified using a Biotage flash chromatography system 

(PE/EtOAc, 20:1). Yield: 74.4 mg (80%); yellow solid; mp 151–

152 °C; 75:25 dr; 90% ee (major diastereoisomer); [α]20
D = 

+12.50 (c 0.15, CH2Cl2). The major diastereoisomer: 1H NMR 

(400 MHz, CDCl3) δ = 7.75 (d, J = 7.6 Hz, 2H), 7.57 – 7.49 (m, 

1H), 7.45 – 7.37 (m, 2H), 7.21 – 7.02 (m, 8H), 6.74 (d, J = 8.4 Hz, 

2H), 6.06 – 5.93 (m, 1H), 4.02 (d, J = 9.8 Hz, 1H), 3.72 (s, 3H), 

3.38 (d, J = 13.3 Hz, 1H), 3.18 (d, J = 13.3 Hz, 1H). 13C NMR 

(101 MHz, CDCl3) δ = 177.8, 160.9, 159.3, 137.7 (q, J = 6.4 Hz), 133.9, 132.7, 130.2, 130.0, 

128.6, 128.2, 128.1, 127.8, 127.3, 125.4, 122.7 (q, J = 270.0 Hz), 122.0 (q, J = 33.9 Hz), 114.0, 

78.0, 55.1, 53.9, 42.3. 19F NMR (376 MHz, CDCl3) δ = -63.93 (d, J = 6.1 Hz). HPLC analysis: 

Daicel CHIRALPAK IE, n-hexane/i-PrOH= 95/5, flow rate = 0.8 mL/min, λ = 254 nm, retention 

time: tmajor = 7.09 min, tminor = 6.25 min. HRMS (ESI) m/z: calcd for C27H23F3NO3 [M + H]+ 

466.1625, found: 466.1621. 

O

N

O

CF3

O
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(S)-4-Benzyl-2-phenyl-4-((S,E)-4,4,4-trifluoro-1-(4-fluorophenyl)but-2-en-1-yl)oxazol-5(4H)-

one (3f) 

Purified using a Biotage flash chromatography system (PE/EtOAc, 

20:1). Yield: 45.3 mg (50%); white solid; mp 148–149 °C; 78:22 dr; 

90% ee (major diastereoisomer); [α]20
D = -16.67 (c 0.13, CH2Cl2). 

The major diastereoisomer: 1H NMR (600 MHz, CDCl3) δ = 7.72 – 

7.68 (m, 2H), 7.53 – 7.47 (m, 1H), 7.40 – 7.36 (m, 2H), 7.20 – 7.08 

(m, 7H), 7.05 – 6.98 (m, 1H), 6.90 – 6.80 (m, 2H), 6.02 – 5.93 (m, 

1H), 4.01 (d, J = 9.8 Hz, 1H), 3.33 (d, J = 13.4 Hz, 1H), 3.13 (d, J = 

13.4 Hz, 1H). 13C NMR (151 MHz, CDCl3) δ = 177.6, 162.4 (d, J = 247.5 Hz), 161.0, 137.2 (q, J 

= 6.5 Hz), 133.6, 132.8, 131.9 (d, J = 3.0 Hz), 130.6 (d, J = 8.2 Hz), 130.2, 128.7, 128.2, 127.8, 

127.4, 125.1, 122.6 (q, J = 34.0 Hz), 122.5 (q, J = 270.1 Hz), 115.6 (d, J = 21.5 Hz), 77.8, 53.7, 

42.2. 19F NMR (376 MHz, CDCl3) δ = -64.07 (d, J = 6.4 Hz, 3F), -113.41 – -113.56 (m, 1F). 

HPLC analysis: Daicel CHIRALPAK OD-H, n-hexane/i-PrOH= 500/1, flow rate = 0.8 mL/min, λ 

= 254 nm, retention time: tmajor = 25.72 min, tminor = 18.12 min. HRMS (ESI) m/z: calcd for 

O

N

O

F

CF3
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C26H20F4NO2 [M + H]+ 454.1425, found: 454.1427. 

 

 

 
 

(S)-4-Benzyl-4-((S,E)-1-(4-chlorophenyl)-4,4,4-trifluorobut-2-en-1-yl)-2-phenyloxazol-5(4H)-

one (3g) 

Purified using a Biotage flash chromatography system (PE/EtOAc, 

20:1). Yield: 63.8 mg (68%); white solid; mp 135–136 °C; 76:24 dr; 

90% ee (major diastereoisomer); [α]20
D = +10.00 (c 0.12, CH2Cl2). 

The major diastereoisomer: 1H NMR (600 MHz, CDCl3) δ = 7.66 – 

7.61 (m, 2H), 7.47 – 7.41 (m, 1H), 7.34 – 7.26 (m, 2H), 7.11 – 7.01 

(m, 9H), 6.98 – 6.90 (m, 1H), 5.94 – 5.85 (m, 1H), 3.92 (d, J = 9.8 

Hz, 1H), 3.25 (d, J = 13.4 Hz, 1H), 3.05 (d, J = 13.4 Hz, 1H). 13C 

NMR (151 MHz, CDCl3) δ = 177.5, 161.1, 137.0 (q, J = 6.4 Hz), 134.7, 134.2, 133.5, 132.9, 

130.21, 130.19, 128.9, 128.7, 128.2, 127.8, 127.5, 125.1, 122.7 (q, J = 34.0 Hz), 122.5 (q, J = 

270.0 Hz), 77.7, 53.8, 42.3. 19F NMR (376 MHz, CDCl3) δ = -64.09 (d, J = 6.4 Hz). HPLC 

analysis: Daicel CHIRALPAK OD-H, n-hexane/i-PrOH= 8/2, flow rate = 0.4 mL/min, λ = 254 

nm, retention time: tmajor = 10.27 min, tminor = 9.65 min. HRMS (ESI) m/z: calcd for 
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C26H20ClF3NO2 [M + H]+ 470.1129, found: 470.1129. 

 

 

(S)-4-Benzyl-2-phenyl-4-((S,E)-4,4,4-trifluoro-1-(3-(trifluoromethyl)phenyl)but-2-en-1-

yl)oxazol-5(4H)-one (3h) 

Purified using a Biotage flash chromatography system (PE/EtOAc, 

20:1). Yield: 64.4 mg (64%); yellow solid; mp 135–136 °C; 71:29 

dr; 90% ee (major diastereoisomer); [α]20
D = +5.56 (c 0.18, CHCl3). 

The major diastereoisomer: 1H NMR (400 MHz, CDCl3) δ = 7.71 – 

7.64 (m, 2H), 7.54 – 7.27 (m, 7H), 7.19 – 6.98 (m, 6H), 6.15 – 5.88 

(m, 1H), 4.07 (d, J = 9.9 Hz, 1H), 3.34 (d, J = 13.3 Hz, 1H), 3.14 

(d, J = 13.3 Hz, 1H). 13C NMR (151 MHz, CDCl3) δ = 177.5, 161.3, 137.1, 136.5 (q, J = 6.6 Hz), 

133.4, 132.9, 132.4, 130.9 (q, J = 32.4 Hz), 130.2, 129.3, 128.7, 128.3, 127.8, 127.5, 125.7 (q, J = 

3.7 Hz), 125.1 (q, J = 3.9 Hz), 124.9, 123.6 (q, J = 272.5 Hz), 123.2 (q, J = 34.2 Hz), 122.4 (q, J = 

269.9 Hz), 77.6, 54.3, 42.2. 19F NMR (377 MHz, None) δ = -62.78 – -63.16 (m, 3F), -64.21 (d, J = 
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6.4 Hz, 3F). HPLC analysis: Daicel CHIRALPAK OD-H, n-hexane/i-PrOH= 500/1, flow rate = 

0.8 mL/min, λ = 254 nm, retention time: tmajor = 21.39 min, tminor = 19.38 min. HRMS (ESI) m/z: 

calcd for C27H20F6NO2 [M + H]+ 504.1393, found: 504.1391. 

 

 

(S)-4-Benzyl-2-phenyl-4-((S,E)-4,4,4-trifluoro-1-(naphthalen-2-yl)but-2-en-1-yl)oxazol-

5(4H)-one (3i) 

Purified using a Biotage flash chromatography system (PE/EtOAc, 

10:1). Yield: 67.9 mg (70%); white solid; mp 212–213 °C; 79:21 dr; 

91% ee (major diastereoisomer); [α]20
D = +61.33 (c 0.14, CH2Cl2). The 

major diastereoisomer: 1H NMR (600 MHz, CDCl3) δ = 7.72 – 7.65 (m, 

5H), 7.63 (d, J = 8.6 Hz, 1H), 7.50 – 7.43 (m, 1H), 7.41 – 7.36 (m, 2H), 

7.35 – 7.30 (m, 3H), 7.20 – 7.07 (m, 6H), 6.04 – 5.96 (m, 1H), 4.18 (d, J 

= 9.8 Hz, 1H), 3.39 (d, J = 13.4 Hz, 1H), 3.19 (d, J = 13.4 Hz, 1H). 13C NMR (151 MHz, CDCl3) δ 

= 177.7, 161.1, 137.5 (q, J = 6.5 Hz), 133.72, 133.68, 133.2, 132.9, 132.7, 130.3, 128.6, 128.5, 

128.3, 128.2, 128.0, 127.8, 127.6, 127.4, 126.4, 126.3, 126.1, 125.3, 122.7 (q, J = 270.0 Hz), 

O

N

O

CF3
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122.6 (q, J = 33.8 Hz), 77.9, 54.8, 42.5. 19F NMR (377 MHz, CDCl3) δ = -63.96 (d, J = 5.2 Hz). 

HPLC analysis: Daicel CHIRALPAK OD-H, n-hexane/i-PrOH= 95/5, flow rate = 0.8 mL/min, λ = 

254 nm, retention time: tmajor = 7.00 min, tminor = 6.57 min. HRMS (ESI) m/z: calcd for 

C30H23F3NO2 [M + H]+ 486.1675, found: 486.1677. 

 
 

(S)-4-((S,E)-1-([1,1'-Biphenyl]-4-yl)-4,4,4-trifluorobut-2-en-1-yl)-4-benzyl-2-phenyloxazol-

5(4H)-one (3j) 

Purified using a Biotage flash chromatography system (PE/EtOAc, 

10:1). Yield: 72.6 mg (71%); white solid; mp 180–181 °C; 77:23 dr; 

90% ee (major diastereoisomer); [α]20
D = +42.35 (c 0.14, CH2Cl2). The 

major diastereoisomer: 1H NMR (400 MHz, CDCl3) δ = 7.74 – 7.68 

(m, 2H), 7.53 – 7.32 (m, 9H), 7.32 – 7.21 (m, 3H), 7.20 – 7.03 (m, 6H), 

6.15 – 5.87 (m, 1H), 4.05 (d, J = 9.9 Hz, 1H), 3.36 (d, J = 13.3 Hz, 

1H), 3.17 (d, J = 13.3 Hz, 1H). 13C NMR (151 MHz, CDCl3) δ = 177.8, 161.1, 140.9, 140.3, 137.5 

(q, J = 6.6 Hz), 135.1, 133.8, 132.7, 130.3, 129.3, 128.8, 128.7, 128.3, 127.8, 127.5, 127.4, 127.3, 

127.0, 125.3, 122.7 (q, J = 270.1 Hz), 122.4 (q, J = 33.9 Hz), 77.9, 54.4, 42.4. 19F NMR (377 

O

N

O

CF3

Ph
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MHz, CDCl3) δ = -63.96 (d, J = 6.0 Hz). HPLC analysis: Daicel CHIRALPAK IE, n-hexane/i-

PrOH= 95/5, flow rate = 0.8 mL/min, λ = 254 nm, retention time: tmajor = 7.20 min, tminor = 5.80 

min. HRMS (ESI) m/z: calcd for C32H25F3NO2 [M + H]+ 512.1832, found: 512.1827. 

 
 

(S)-4-Benzyl-2-(p-tolyl)-4-((S,E)-4,4,4-trifluoro-1-(p-tolyl)but-2-en-1-yl)oxazol-5(4H)-one (3k) 

Purified using a Biotage flash chromatography system (PE/EtOAc, 20:1). 

Yield: 71.3 mg (77%); white solid; mp 143–144 °C; 75:25 dr; 90% ee 

(major diastereoisomer); [α]20
D = +4.17 (c 0.12, CH2Cl2). The major 

diastereoisomer: 1H NMR (500 MHz, CDCl3) δ = 7.60 (d, J = 7.7 Hz, 

2H), 7.16 (d, J = 7.8 Hz, 2H), 7.13 – 7.01 (m, 8H), 6.97 (d, J = 7.5 Hz, 

2H), 5.97 - 5.90 (m, 1H), 3.95 (d, J = 9.7 Hz, 1H), 3.32 (d, J = 13.5 Hz, 1H), 3.12 (d, J = 13.5 Hz, 

1H), 2.36 (s, 3H), 2.19 (s, 3H). 13C NMR (126 MHz, CDCl3) δ = 177.9, 160.9, 143.4, 137.9, 137.8 

(q, J = 6.6 Hz), 133.9, 133.1, 130.2, 129.4, 129.3, 128.7, 128.2, 127.8, 127.3, 122.7 (q, J = 270.1 

Hz), 122.6, 122.0 (q, J = 34.0 Hz), 77.8, 54.4, 42.4, 21.7, 21.0. 19F NMR (376 MHz, CDCl3) δ = -

63.93 (d, J = 6.3 Hz). HPLC analysis: Daicel CHIRALPAK OD-H, n-hexane/i-PrOH= 95/5, flow 

rate = 0.8 mL/min, λ = 254 nm, retention time: tmajor = 7.84 min, tminor = 7.10 min. HRMS (ESI) 

m/z: calcd for C28H25F3NO2 [M + H]+ 464.1832, found: 464.1837. 
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(S)-4-Benzyl-2-(4-(tert-butyl)phenyl)-4-((S,E)-4,4,4-trifluoro-1-(p-tolyl)but-2-en-1-yl)oxazol-

5(4H)-one (3l) 

Purified using a Biotage flash chromatography system (PE/EtOAc, 20:1). 

Yield: 75.8 mg (75%); white solid; mp 217–218 °C; 81:19 dr; 91% ee 

(major diastereoisomer); [α]20
D = +5.93 (c 0.15, CH2Cl2). The major 

diastereoisomer: 1H NMR (500 MHz, CDCl3) δ = 7.63 (d, J = 8.0 Hz, 

2H), 7.38 (d, J = 8.1 Hz, 2H), 7.16 – 6.95 (m, 10H), 5.98 – 5.88 (m, 1H), 

3.95 (d, J = 9.8 Hz, 1H), 3.32 (d, J = 13.4 Hz, 1H), 3.12 (d, J = 13.4 Hz, 1H), 2.21 (s, 3H), 1.32 (s, 

9H). 13C NMR (126 MHz, CDCl3) δ = 177.9, 160.9, 156.3, 137.84, 137.83 (q, J = 6.4 Hz), 133.9, 

133.2, 130.2, 129.4, 128.7, 128.2, 127.7, 127.3, 125.6, 122.7 (q, J = 269.9 Hz), 122.6, 122.0 (q, J 

= 33.7 Hz), 77.8, 54.4, 42.4, 35.1, 31.1, 21.0. 19F NMR (376 MHz, CDCl3) δ = -63.94 (d, J = 6.2 

Hz). HPLC analysis: Daicel CHIRALPAK OD-H, n-hexane/i-PrOH= 95/5, flow rate = 0.8 

mL/min, λ = 254 nm, retention time: tmajor = 5.89 min, tminor = 5.32 min. HRMS (ESI) m/z: calcd 

for C31H31F3NO2 [M + H]+ 506.2301, found: 506.2301. 
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(S)-4-Benzyl-2-(4-methoxyphenyl)-4-((S,E)-4,4,4-trifluoro-1-(p-tolyl)but-2-en-1-yl)oxazol-

5(4H)-one(3m) 

Purified using a Biotage flash chromatography system (PE/EtOAc, 20:1). 

Yield: 70.9 mg (74%); white solid; mp 97–98 °C; 76:24 dr; 90% ee 

(major diastereoisomer); [α]20
D = -3.64 (c 0.12, CH2Cl2). The major 

diastereoisomer: 1H NMR (500 MHz, CDCl3) δ = 7.66 (d, J = 8.4 Hz, 

2H), 7.16 – 7.00 (m, 8H), 6.97 (d, J = 7.7 Hz, 2H), 6.85 (d, J = 8.3 Hz, 

2H), 5.97 - 5.90 (m, 1H), 3.95 (d, J = 9.8 Hz, 1H), 3.80 (s, 3H), 3.31 (d, J = 13.3 Hz, 1H), 3.11 (d, 

J = 13.3 Hz, 1H), 2.19 (s, 3H). 13C NMR (126 MHz, CDCl3) δ = 177.9, 163.1, 160.5, 137.9 (q, J = 

6.4 Hz), 137.8, 134.0, 133.2, 130.2, 129.7, 129.3, 128.8, 128.1, 127.3, 122.7 (q, J = 269.8 Hz), 

121.9 (q, J = 33.7 Hz), 117.7, 114.1, 77.8, 55.4, 54.4, 42.4, 21.0. 19F NMR (376 MHz, CDCl3) δ = 

-63.92 (d, J = 7.5 Hz). HPLC analysis: Daicel CHIRALPAK OD-H, n-hexane/i-PrOH= 95/5, flow 

rate = 0.8 mL/min, λ = 254 nm, retention time: tmajor = 9.24 min, tminor = 7.97 min. HRMS (ESI) 

m/z: calcd for C28H25F3NO3 [M + H]+ 480.1781, found: 480.1779. 



S21 

 

 
 

(S)-4-Benzyl-2-(4-fluorophenyl)-4-((S,E)-4,4,4-trifluoro-1-(p-tolyl)but-2-en-1-yl)oxazol-

5(4H)-one (3n) 

Purified using a Biotage flash chromatography system (PE/EtOAc, 20:1). 

Yield: 72.9 mg (78%); white solid; mp 161–162 °C; 75:25 dr; 90% ee 

(major diastereoisomer); [α]20
D = -1.82 (c 0.14, CH2Cl2). The major 

diastereoisomer: 1H NMR (400 MHz, CDCl3) δ = 7.81 – 7.72 (m, 2H), 

7.19 – 7.13 (m, 5H), 7.13 – 7.06 (m, 5H), 7.04 - 7.01 (m, 2H), 6.03 - 5.95 

(m, 1H), 4.01 (d, J = 9.9 Hz, 1H), 3.37 (d, J = 13.3 Hz, 1H), 3.17 (d, J = 13.3 Hz, 1H), 2.25 (s, 

3H). 13C NMR (151 MHz, CDCl3) δ = 177.5, 165.5 (d, J = 254.4 Hz), 159.9, 138.0, 137.6 (q, J = 

6.5 Hz), 133.8, 133.0, 130.2, 130.19 (d, J = 9.1 Hz), 129.4, 128.7, 128.2, 127.4, 122.6 (q, J = 

270.0 Hz), 122.2 (q, J = 33.8 Hz), 121.6 (d, J = 3.1 Hz), 116.0 (d, J = 22.3 Hz), 78.0, 54.3, 42.3, 

21.0. 19F NMR (376 MHz, CDCl3) δ = -64.00 (d, J = 4.3 Hz, 3F), -105.29 – -105.43 (m, 1F). 

HPLC analysis: Daicel CHIRALPAK OD-H, n-hexane/i-PrOH= 95/5, flow rate = 0.8 mL/min, λ = 

254 nm, retention time: tmajor = 7.01 min, tminor = 6.30 min. HRMS (ESI) m/z: calcd for 

C27H22F4NO2 [M + H]+ 468.1581, found: 468.1581. 
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(S)-4-Benzyl-2-(4-chlorophenyl)-4-((S,E)-4,4,4-trifluoro-1-(p-tolyl)but-2-en-1-yl)oxazol-

5(4H)-one (3o) 

Purified using a Biotage flash chromatography system (PE/EtOAc, 20:1). 

Yield: 72.5 mg (75%); white solid; mp 168–169 °C; 73:27 dr; 90% ee 

(major diastereoisomer); [α]20
D = -1.67 (c 0.15, CH2Cl2). The major 

diastereoisomer: 1H NMR (600 MHz, CDCl3) δ = 7.57 (d, J = 8.3 Hz, 

2H), 7.27 (d, J = 8.2 Hz, 2H), 7.08 – 7.00 (m, 5H), 6.99 – 6.92 (m, 3H), 

6.90 (d, J = 7.8 Hz, 2H), 5.92 - 5.84 (m, 1H), 3.89 (d, J = 9.9 Hz, 1H), 3.24 (d, J = 13.4 Hz, 1H), 

3.05 (d, J = 13.4 Hz, 1H), 2.13 (s, 3H). 13C NMR (151 MHz, CDCl3) δ = 176.4, 158.9, 138.0, 

137.0, 136.4 (q, J = 6.4 Hz), 132.7, 131.9, 129.1, 128.3, 128.1, 128.0, 127.6, 127.2, 126.3, 122.7, 

121.6 (q, J = 269.8 Hz), 121.1 (q, J = 33.8 Hz), 77.0, 53.2, 41.3, 20.0. 19F NMR (376 MHz, 

CDCl3) δ = -64.00 (d, J = 6.0 Hz). HPLC analysis: Daicel CHIRALPAK OD-H, n-hexane/i-

PrOH= 95/5, flow rate = 0.8 mL/min, λ = 254 nm, retention time: tmajor = 7.13 min, tminor = 6.30 

min. HRMS (ESI) m/z: calcd for C27H22ClF3NO2 [M + H]+ 484.1286, found: 484.1283. 
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(S)-4-Benzyl-2-(naphthalen-2-yl)-4-((S,E)-4,4,4-trifluoro-1-(p-tolyl)but-2-en-1-yl)oxazol-

5(4H)-one (3p) 

Purified using a Biotage flash chromatography system (PE/EtOAc, 

10:1). Yield: 66.9 mg (67%); white solid; mp 188–189 °C; 73:27 dr; 

90% ee (major diastereoisomer); [α]20
D = -8.33 (c 0.17, CH2Cl2). The 

major diastereoisomer: 1H NMR (600 MHz, CDCl3) δ = 7.69 – 7.63 (m, 

4H), 7.62 – 7.57 (m, 2H), 7.45 – 7.40 (m, 1H), 7.38 – 7.28 (m, 4H), 7.26 

(dd, J = 8.5, 1.7 Hz, 1H), 7.12 – 7.06 (m, 3H), 6.97 (d, J = 7.9 Hz, 2H), 6.01 - 5.94 (m, 1H), 4.01 

(d, J = 9.9 Hz, 1H), 3.50 (d, J = 13.5 Hz, 1H), 3.30 (d, J = 13.5 Hz, 1H), 2.18 (s, 3H). 13C NMR 

(151 MHz, CDCl3) δ = 176.6, 160.0, 136.9, 136.6 (q, J = 6.5 Hz), 132.1, 131.9, 131.6, 131.4, 

130.5, 128.3, 128.2, 127.7, 127.5, 127.1, 126.8, 126.7, 126.6, 126.4, 124.9, 124.7, 124.2, 121.6 (q, 

J = 270.1 Hz), 121.1 (q, J = 33.9 Hz), 76.9, 53.4, 41.3, 19.9. 19F NMR (376 MHz, CDCl3) δ = -

63.89 (d, J = 6.3 Hz). HPLC analysis: Daicel CHIRALPAK AD-H, n-hexane/i-PrOH= 95/5, flow 

rate = 0.8 mL/min, λ = 254 nm, retention time: tmajor = 9.84 min, tminor = 12.60 min. HRMS (ESI) 

m/z: calcd for C31H25F3NO2 [M + H]+ 500.1832, found: 500.1830.  
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(S)-4-(4-Methylbenzyl)-2-phenyl-4-((S,E)-4,4,4-trifluoro-1-(p-tolyl)but-2-en-1-yl)oxazol-

5(4H)-one (3q) 

Purified using a Biotage flash chromatography system (PE/EtOAc, 

20:1). Yield: 74.1 mg (80%); white solid; mp 97–98 °C; 75:25 dr; 

90% ee (major diastereoisomer); [α]20
D = +2.50 (c 0.14, CH2Cl2). The 

major diastereoisomer: 1H NMR (500 MHz, CDCl3) δ = 7.72 (d, J = 

7.7 Hz, 2H), 7.52 – 7.45 (m, 1H), 7.40 – 7.34 (m, 2H), 7.11 – 6.87 

(m, 9H), 5.98 – 5.88 (m, 1H), 3.95 (d, J = 9.7 Hz, 1H), 3.29 (d, J = 

13.3 Hz, 1H), 3.09 (d, J = 13.3 Hz, 1H), 2.19 (s, 3H), 2.17 (s, 3H). 

13C NMR (126 MHz, CDCl3) (one alkyl carbon missing) δ = 177.8, 

160.8, 137.9, 137.7 (q, J = 6.5 Hz), 136.9, 133.1, 132.6, 130.7, 130.1, 129.3, 128.9, 128.7, 128.6, 

127.8, 125.5, 122.7 (q, J = 269.5 Hz), 122.0 (q, J = 33.9 Hz), 78.0, 54.4, 41.9, 21.0. 19F NMR (376 

MHz, CDCl3) δ = -63.96 (d, J = 6.3 Hz). HPLC analysis: Daicel CHIRALPAK IE, n-hexane/i-

PrOH= 95/5, flow rate = 1.0 mL/min, λ = 254 nm, retention time: tmajor = 5.67 min, tminor = 4.41 

min. HRMS (ESI) m/z: calcd for C28H25F3NO2 [M + H]+ 464.1832, found: 464.1832. 
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(S)-4-(3-Methylbenzyl)-2-phenyl-4-((S,E)-4,4,4-trifluoro-1-(p-tolyl)but-2-en-1-yl)oxazol-

5(4H)-one (3r) 

Purified using a Biotage flash chromatography system (PE/EtOAc, 

20:1). Yield: 75.0 mg (81%); white solid; mp 137–138 °C; 75:25 dr; 

92% ee (major diastereoisomer); [α]20
D = +1.29 (c 0.31, CHCl3). 

The major diastereoisomer: 1H NMR (600 MHz, CDCl3) δ = 7.74 – 

7.69 (m, 2H), 7.52 – 7.47 (m, 1H), 7.42 – 7.35 (m, 2H), 7.10 – 6.96 

(m, 6H), 6.95 – 6.88 (m, 3H), 5.98 – 5.89 (m, 1H), 3.96 (d, J = 9.8 

Hz, 1H), 3.30 (d, J = 13.4 Hz, 1H), 3.08 (d, J = 13.4 Hz, 1H), 2.21 (s, 3H), 2.14 (s, 3H). 13C NMR 

(151 MHz, CDCl3) δ = 177.7, 160.9, 137.9, 137.8 (q, J = 6.5 Hz), 137.7, 133.7, 133.2, 132.6, 

131.1, 129.4, 128.7, 128.6, 128.07, 128.05, 127.8, 127.2, 125.5, 122.7 (q, J = 269.8 Hz), 122.1 (q, 

J = 33.9 Hz), 77.9, 54.3, 42.4, 21.2, 21.0. 19F NMR (376 MHz, CDCl3) δ = -63.94 (d, J = 6.4 Hz). 

HPLC analysis: Daicel CHIRALPAK OD-H, n-hexane/i-PrOH= 95/5, flow rate = 0.6 mL/min, λ = 

254 nm, retention time: tmajor = 7.45 min, tminor = 6.95 min. HRMS (ESI) m/z: calcd for 
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C28H25F3NO2 [M + H]+ 464.1832, found: 464.1827. 

 
 

 

(S)-4-(4-Methoxybenzyl)-2-phenyl-4-((S,E)-4,4,4-trifluoro-1-(p-tolyl)but-2-en-1-yl)oxazol-

5(4H)-one (3s) 

Purified using a Biotage flash chromatography system (PE/EtOAc, 

20:1). Yield: 73.8 mg (77%); yellow solid; mp 124–125 °C; 76:24 dr; 

84% ee (major diastereoisomer); [α]20
D = -0.91 (c 0.33, CHCl3). The 

major diastereoisomer: 1H NMR (500 MHz, CDCl3) δ = 7.66 (d, J = 8.4 

Hz, 2H), 7.16 – 7.00 (m, 8H), 6.97 (d, J = 7.7 Hz, 2H), 6.85 (d, J = 8.3 

Hz, 2H), 5.99 – 5.88 (m, 1H), 3.95 (d, J = 9.8 Hz, 1H), 3.80 (s, 3H), 

3.31 (d, J = 13.3 Hz, 1H), 3.11 (d, J = 13.3 Hz, 1H), 2.19 (s, 3H). 13C 

NMR (151 MHz, CDCl3) δ = 177.8, 160.9, 158.8, 137.9, 137.8 (q, J = 6.5 Hz), 133.2, 132.6, 

131.3, 129.4, 128.72, 128.66, 127.9, 125.8, 125.5, 122.7 (q, J = 269.7 Hz), 122.0 (q, J = 33.8 Hz), 

113.6, 78.1, 55.0, 54.3, 41.6, 21.0. 19F NMR (376 MHz, CDCl3) δ = -63.91 (d, J = 6.2 Hz). HPLC 

analysis: Daicel CHIRALPAK AD-H, n-hexane/i-PrOH= 95/5, flow rate = 0.8 mL/min, λ = 254 

nm, retention time: tmajor = 10.23 min, tminor = 13.35 min. HRMS (ESI) m/z: calcd for C28H25F3NO3 
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[M + H]+ 480.1781, found: 480.1780. 

 

 

 

 

(S)-4-(3-Methoxybenzyl)-2-phenyl-4-((S,E)-4,4,4-trifluoro-1-(p-tolyl)but-2-en-1-yl)oxazol-

5(4H)-one (3t) 

Purified using a Biotage flash chromatography system (PE/EtOAc, 

20:1). Yield: 67.1 mg (70%); white solid; mp 84–85 °C; 78:22 dr; 93% 

ee (major diastereoisomer); [α]20
D = +3.6 (c 0.13, CH2Cl2). The major 

diastereoisomer: 1H NMR (600 MHz, CDCl3) δ = 7.73 (d, J = 7.7 Hz, 

2H), 7.52 – 7.47 (m, 1H), 7.40 – 7.30 (m, 2H), 7.11 – 7.00 (m, 4H), 

6.97 (d, J = 7.8 Hz, 2H), 6.72 (d, J = 7.6 Hz, 1H), 6.68 – 6.63 (m, 2H), 

5.98 – 5.90 (m, 1H), 3.96 (d, J = 9.9 Hz, 1H), 3.59 (s, 3H), 3.31 (d, J = 13.4 Hz, 1H), 3.10 (d, J = 

13.4 Hz, 1H), 2.20 (s, 3H). 13C NMR (151 MHz, CDCl3) δ = 177.6, 161.0, 159.2, 137.9, 137.7 (q, 

J = 6.4 Hz), 135.3, 133.1, 132.7, 129.4, 129.2, 128.7, 128.6, 127.8, 125.4, 122.7 (q, J = 270.2 Hz), 

122.6, 122.1 (q, J = 33.9 Hz), 115.2, 113.7, 77.8, 55.0, 54.4, 42.4, 21.0. 19F NMR (470 MHz, 

None) δ = -64.02 (d, J = 6.8 Hz). HPLC analysis: Daicel CHIRALPAK OD-H, n-hexane/i-PrOH= 

O

N

O

CF3

O
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95/5, flow rate = 0.8 mL/min, λ = 254 nm, retention time: tmajor = 8.41 min, tminor = 6.99 min. 

HRMS (ESI) m/z: calcd for C28H25F3NO3 [M + H]+ 480.1781, found: 480.1778. 

 

 

(S)-4-(4-Fluorobenzyl)-2-phenyl-4-((S,E)-4,4,4-trifluoro-1-(p-tolyl)but-2-en-1-yl)oxazol-

5(4H)-one (3u) 

Purified using a Biotage flash chromatography system (PE/EtOAc, 

20:1). Yield: 71.9 mg (77%); white solid; mp 130–131 °C; 72:28 dr; 

92% ee (major diastereoisomer); [α]20
D = +6.67 (c 0.15, CH2Cl2). The 

major diastereoisomer: 1H NMR (600 MHz, CDCl3) δ = 7.67 – 7.62 

(m, 2H), 7.47 – 7.41 (m, 1H), 7.34 – 7.29 (m, 2H), 7.07 – 6.87 (m, 7H), 

6.78 – 6.71 (m, 2H), 5.91 - 5.84 (m, 1H), 3.87 (d, J = 9.9 Hz, 1H), 3.22 

(d, J = 13.6 Hz, 1H), 3.03 (d, J = 13.6 Hz, 1H), 2.13 (s, 3H). 13C NMR 

(151 MHz, CDCl3) δ = 177.7, 162.1 (d, J = 246.1 Hz), 161.0, 138.0, 137.6 (q, J = 6.5 Hz), 133.0, 

132.8, 131.8 (d, J = 7.9 Hz), 129.6 (d, J = 3.3 Hz), 129.4, 128.71, 128.68, 127.8, 125.2, 122.6 (q, J 

= 270.1 Hz), 122.2 (q, J = 33.9 Hz), 115.1 (d, J = 21.3 Hz), 77.9, 54.3, 41.5, 21.0. 19F NMR (376 

MHz, CDCl3) δ = -63.98 (d, J = 5.9 Hz, 3F), -114.98 – -115.14 (m, 1F). HPLC analysis: Daicel 
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CHIRALPAK OD-H, n-hexane/i-PrOH= 500/1, flow rate = 1.0 mL/min, λ = 254 nm, retention 

time: tmajor = 12.74 min, tminor = 13.56 min. HRMS (ESI) m/z: calcd for C27H22F4NO2 [M + H]+ 

468.1581, found: 468.1583.  

 

 

(S)-4-(4-Chlorobenzyl)-2-phenyl-4-((S,E)-4,4,4-trifluoro-1-(p-tolyl)but-2-en-1-yl)oxazol-

5(4H)-one (3v) 

Purified using a Biotage flash chromatography system (PE/EtOAc, 

20:1). Yield: 72.5 mg (75%); white solid; mp 96–97 °C; 73:27 dr; 

94% ee (major diastereoisomer); [α]20
D = -6.36 (c 0.14, CH2Cl2). The 

major diastereoisomer: 1H NMR (600 MHz, CDCl3) δ = 7.67 – 7.63 

(m, 2H), 7.46 – 7.41 (m, 1H), 7.34 – 7.29 (m, 2H), 7.05 – 7.01 (m, 

2H), 7.00 – 6.92 (m, 5H), 6.90 (d, J = 7.9 Hz, 2H), 5.89 - 5.84 (m, 

1H), 3.87 (d, J = 9.9 Hz, 1H), 3.22 (d, J = 13.5 Hz, 1H), 3.02 (d, J = 

13.5 Hz, 1H), 2.13 (s, 3H). 13C NMR (151 MHz, CDCl3) δ = 176.5, 

160.0, 137.0, 136.4 (q, J = 6.4 Hz), 132.3, 131.80, 131.78, 131.3, 130.5, 128.3, 127.7, 127.6, 

O

N

O

CF3

Cl
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127.4, 126.8, 124.1, 121.6 (q, J = 269.9 Hz), 121.2 (q, J = 33.9 Hz), 76.7, 53.3, 40.5, 20.0. 19F 

NMR (376 MHz, CDCl3) δ = -63.98 (d, J = 5.8 Hz). HPLC analysis: Daicel CHIRALPAK OD-H, 

n-hexane/i-PrOH= 500/1, flow rate = 0.8 mL/min, λ = 254 nm, retention time: tmajor = 16.90 min, 

tminor = 18.79 min. HRMS (ESI) m/z: calcd for C27H22ClF3NO2 [M + H]+ 484.1286, found: 

484.1288.  

 

 

(S)-4-(Naphthalen-2-ylmethyl)-2-phenyl-4-((S,E)-4,4,4-trifluoro-1-(p-tolyl)but-2-en-1-

yl)oxazol-5(4H)-one (3w) 

Purified using a Biotage flash chromatography system (PE/EtOAc, 

10:1). Yield: 73.9 mg (74%); white solid; mp 186–187 °C; 79:21 dr; 

94% ee (major diastereoisomer); [α]20
D = -51.82 (c 0.16, CH2Cl2). The 

major diastereoisomer: 1H NMR (600 MHz, CDCl3) δ = 8.07 (s, 1H), 

7.95 (dd, J = 8.6, 1.7 Hz, 1H), 7.84 (m, 2H), 7.79 (d, J = 8.1 Hz, 1H), 

7.58 – 7.52 (m, 1H), 7.52 – 7.46 (m, 1H), 7.19 – 7.13 (m, 2H), 7.14 – 

7.03 (m, 6H), 6.95 (d, J = 7.9 Hz, 2H), 6.02 - 5.94 (m, 1H), 4.01 (d, J = 

9.9 Hz, 1H), 3.37 (d, J = 13.5 Hz, 1H), 3.17 (d, J = 13.5 Hz, 1H), 2.16 (s, 3H). 13C NMR (151 

MHz, CDCl3) δ = 177.7, 161.0, 137.9, 137.8 (q, J = 6.6 Hz), 135.3, 133.9, 133.1, 132.5, 130.2, 

129.4, 129.3, 129.1, 128.7, 128.7, 128.4, 128.2, 127.9, 127.4, 126.9, 123.4, 122.7 (q, J = 270.1 

O

N

O

CF3
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Hz), 122.5, 122.1 (q, J = 33.8 Hz), 78.1, 54.4, 42.4, 21.0. 19F NMR (376 MHz, CDCl3) δ = -63.89 

(d, J = 6.6 Hz). HPLC analysis: Daicel CHIRALPAK AD-H, n-hexane/i-PrOH= 95/5, flow rate = 

0.8 mL/min, λ = 254 nm, retention time: tmajor = 11.52 min, tminor = 21.16 min. HRMS (ESI) m/z: 

calcd for C31H25F3NO2 [M + H]+ 500.1832, found: 500.1831. 

 

 

 

(S)-4-Benzyl-2-phenyl-4-((S)-4,4,4-trifluoro-1-(p-tolyl)butyl)oxazol-5(4H)-one (4a) 

Purified using a Biotage flash chromatography system (PE/EtOAc, 

10:1). Yield: 39.7 mg (80%); white solid; mp 150–151 °C; 93% ee; 

[α]20
D = +10.44 (c 0.2, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ = 7.74 

– 7.68 (m, 2H), 7.54 – 7.45 (m, 1H), 7.42 – 7.34 (m, 2H), 7.16 – 7.04 

(m, 7H), 7.00 (d, J = 8.0 Hz, 2H), 3.48 (d, J = 13.1 Hz, 1H), 3.24 (dd, J 

= 12.1, 3.9 Hz, 1H), 3.13 (d, J = 13.1 Hz, 1H), 2.49 – 2.28 (m, 2H), 

2.23 (s, 3H), 1.94 – 1.80 (m, 2H). 13C NMR (126 MHz, CDCl3) δ = 178.1, 160.5, 137.7, 134.1, 

133.5, 132.5, 130.3, 129.3, 129.0, 128.6, 128.1, 127.7, 127.2, 127.1 (q, J = 276.5 Hz), 125.6, 78.3, 

50.9, 42.0, 32.0 (q, J = 28.7 Hz), 22.1 (q, J = 3.2 Hz), 21.0. 19F NMR (376 MHz, CDCl3) δ = -

66.08 (t, J = 10.8 Hz). HPLC analysis: Daicel CHIRALPAK AD-H, n-hexane/i-PrOH= 9/1, flow 
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rate = 0.8 mL/min, λ = 254 nm, retention time: tmajor = 5.88 min, tminor = 7.31 min. HRMS (ESI) 

m/z: calcd for C27H25F3NO2 [M + H]+ 452.1832, found: 452.1835. 

 

 

(2S,3S,E)-2-Benzamido-2-benzyl-6,6,6-trifluoro-3-(p-tolyl)hex-4-enoic acid (5a) 

Purified using a Biotage flash chromatography system (PE/EtOAc, 1:2). 

Yield: 54.7 mg (90%); white solid; mp 158–159 °C; 93% ee; [α]20
D = -

21.67 (c 0.2, CH2Cl2). 
1H NMR (400 MHz, CDCl3) δ = 10.92 (brs, 1H), 

7.60 (d, J = 7.6 Hz, 2H), 7.55 – 7.49 (m, 1H), 7.45 – 7.38 (m, 2H), 7.20 – 

7.03 (m, 11H), 5.86 – 5.73 (m, 1H), 4.73 (d, J = 9.9 Hz, 1H), 4.14 (d, J = 

13.6 Hz, 1H), 3.15 (d, J = 13.6 Hz, 1H), 2.30 (s, 4H). 13C NMR (126 MHz, CDCl3) (one aromatic 

carbon missing) δ = 174.5, 169.1, 138.5 (q, J = 6.7 Hz), 137.7, 135.7, 134.8, 134.0, 132.1, 129.9, 

129.3, 128.9, 128.3, 127.1, 126.9, 122.8 (q, J = 269.7 Hz), 121.5 (q, J = 33.5 Hz), 69.4, 53.9, 38.0, 

21.1. 19F NMR (470 MHz, CDCl3) δ = -63.87 (d, J = 6.1 Hz). HPLC analysis: Daicel 

CHIRALPAK AD-H, n-hexane/i-PrOH= 9/1, flow rate = 0.8 mL/min, λ = 254 nm, retention time: 

tmajor = 9.40 min, tminor = 22.62 min. HRMS (ESI) m/z: calcd for C27H25F3NO3 [M + H]+ 468.1781, 

found: 468.1783. 

HOOC

Bz N
H Ph

CF3
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Methyl (2S,3S,E)-2-benzamido-2-benzyl-6,6,6-trifluoro-3-(p-tolyl)hex-4-enoate (6a) 

Purified using a Biotage flash chromatography system (PE/EtOAc, 

10:1). Yield: 214.0 mg (99%); white solid; mp 84–85 °C; 91% ee; [α]20
D 

= -9.17 (c 0.19, CH2Cl2).
 1H NMR (500 MHz, CDCl3) δ = 7.64 (d, J = 

7.6 Hz, 2H), 7.51 – 7.44 (m, 1H), 7.42 – 7.36 (m, 2H), 7.16 – 7.08 (m, 

8H), 7.07 – 7.02 (m, 2H), 7.00 (s, 1H), 5.82 – 5.72 (m, 1H), 4.67 (d, J = 

9.9 Hz, 1H), 4.22 (d, J = 13.6 Hz, 1H), 3.76 (s, 3H), 3.10 (d, J = 13.6 Hz, 1H), 2.32 (s, 3H). 13C 

NMR (126 MHz, CDCl3) δ = 172.2, 167.8, 138.8 (q, J = 6.5 Hz), 137.7, 136.0, 135.4, 134.3, 

131.7, 129.8, 129.3, 129.1, 128.7, 128.3, 127.0, 126.8, 122.8 (q, J = 269.7 Hz), 121.1 (q, J = 33.6 

Hz), 69.4, 54.5, 52.7, 37.9, 21.1. 19F NMR (470 MHz, CDCl3) δ = -63.90 (d, J = 6.5 Hz). HPLC 

analysis: Daicel CHIRALPAK AD-H, n-hexane/i-PrOH= 8/2, flow rate = 0.8 mL/min, λ = 254 

nm, retention time: tmajor = 7.56 min, tminor = 11.48 min. HRMS (ESI) m/z: calcd for C28H27F3NO3 

[M + H]+ 482.1938, found: 482.1930.  
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N-((2S,3S,E)-2-benzyl-6,6,6-trifluoro-1-hydroxy-3-(p-tolyl)hex-4-en-2-yl)benzamide (7a) 

Purified using a Biotage flash chromatography system (PE/EtOAc, 5:1). 

Yield: 57.8 mg (85%); white solid; mp 109–110 °C; 91% ee; [α]20
D = -

60.53 (c 0.22, CH2Cl2).
 1H NMR (400 MHz, CDCl3) δ = 7.59 – 7.52 (m, 

2H), 7.50 – 7.43 (m, 1H), 7.40 – 7.34 (m, 2H), 7.29 – 7.24 (m, 2H), 7.23 

– 7.15 (m, 5H), 7.13 – 7.00 (m, 3H), 6.31 (s, 1H), 5.86 – 5.73 (m, 1H), 

4.64 (d, J = 9.4 Hz, 1H), 3.85 (d, J = 11.6 Hz, 1H), 3.70 (d, J = 11.6 Hz, 1H), 3.58 (d, J = 13.8 Hz, 

2H), 2.68 (d, J = 13.8 Hz, 1H), 2.36 (s, 3H). 13C NMR (126 MHz, CDCl3) δ = 168.9, 139.2 (q, J = 

6.6 Hz), 137.5, 136.0, 135.2, 134.6, 131.6, 130.2, 129.8, 129.5, 128.7, 128.6, 127.1, 126.7, 123.0 

(q, J = 269.6 Hz), 121.0 (q, J = 33.3 Hz), 65.5, 63.3, 52.1, 39.4, 21.1. 19F NMR (377 MHz, CDCl3) 

δ = -63.86 (d, J = 7.0 Hz). HPLC analysis: Daicel CHIRALPAK AD-H, n-hexane/i-PrOH= 7/3, 

flow rate = 0.8 mL/min, λ = 254 nm, retention time: tmajor = 12.05 min, tminor = 14.37 min. HRMS 

(ESI) m/z: calcd for C27H25F3NO2 [M - H]- 452.1843, found: 452.1849. 

Bz N
H Ph

CF3

HO



S35 

 

 

 

 

 

  



S36 

 

5. References 

[1] S. Zhang, D. Li, B. Wang, W. Sun, H. Ma, K. Di, L. Sun, J. Zhao, J. Qu, Y. Zhou, Eur. J. Org. Chem. 2023, 26, 

e202300593. 

[2] a) M. Kawatsura, S. Terasaki, M. Minakawa, T. Hirakawa, K. Ikeda, T. Itoh, Org. Lett. 2014, 16, 2442-2445; b) M. Zhou, J. 

Zhang, X.-G. Zhang, X. Zhang, Org. Lett. 2019, 21, 671-674. 

[3] M. Sicignano, R. I. Rodríguez, V. Capaccio, F. Borello, R. Cano, F. De Riccardis, L. Bernardi, S. Díaz-Tendero, G. Della 

Sala, J. Alemán, Org. Biomol. Chem. 2020, 18, 2914-2920. 

 

 

 

 

 

 

 

 

  



S37 

 

6. Copy of NMR spectra for the products 

1H NMR (500 MHz, CDCl3) (1b)  

 

 
13C NMR (101 MHz, CDCl3) (1b) 
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19F NMR (376 MHz, CDCl3) (1b) 

 

 

 

 
1H NMR (500 MHz, CDCl3) (1d)  
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13C NMR (126 MHz, CDCl3) (1d) 

 

 
19F NMR (470 MHz, CDCl3) (1d) 
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1H NMR (400 MHz, CDCl3) (1h)  

 

 
13C NMR (126 MHz, CDCl3) (1h) 
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19F NMR (470 MHz, CDCl3) (1h) 

 

 

 
1H NMR (400 MHz, CDCl3) (1i)  
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13C NMR (126 MHz, CDCl3) (1i) 

 

 
19F NMR (470 MHz, CDCl3) (1i) 
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1H NMR (400 MHz, CDCl3) (1j)  

 

 
13C NMR (126 MHz, CDCl3) (1j) 
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19F NMR (470 MHz, CDCl3) (1j) 

 

 

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

 
 



S45 

 

13C NMR (101 MHz, CDCl3) (3a) 

 

 

 
19F NMR (376 MHz, CDCl3) (3a) 

 



S46 

 

 
1H NMR (400 MHz, CDCl3) (3b)  

 

 
13C NMR (101 MHz, CDCl3) (3b) 
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19F NMR (376 MHz, CDCl3) (3b) 

 
 

 
1H NMR (400 MHz, CDCl3) (3c)  
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13C NMR (101 MHz, CDCl3) (3c) 

 

 
19F NMR (376 MHz, CDCl3) (3c) 
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1H NMR (400 MHz, CDCl3) (3d)  

 

 
13C NMR (101 MHz, CDCl3) (3d) 
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19F NMR (377 MHz, CDCl3) (3d) 

 

 

 
1H NMR (400 MHz, CDCl3) (3e)  
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13C NMR (101 MHz, CDCl3) (3e) 

 

 
19F NMR (376 MHz, CDCl3) (3e) 
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1H NMR (600 MHz, CDCl3) (3f)  

 

 
13C NMR (151 MHz, CDCl3) (3f) 
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19F NMR (376 MHz, CDCl3) (3f) 

 
 

 
1H NMR (600 MHz, CDCl3) (3g)  
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13C NMR (151 MHz, CDCl3) (3g) 

 

 
19F NMR (376 MHz, CDCl3) (3g) 
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1H NMR (400 MHz, CDCl3) (3h)  

 

 
13C NMR (151 MHz, CDCl3) (3h) 
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19F NMR (377 MHz, CDCl3) (3h) 

 

 
1H NMR (600 MHz, CDCl3) (3i)  

 

 

O

N

O

CF3

F3C

O

N

O

CF3



S57 

 

13C NMR (151 MHz, CDCl3) (3i) 

 

 
19F NMR (377 MHz, CDCl3) (3i) 
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1H NMR (400 MHz, CDCl3) (3j)  

 

 
13C NMR (151 MHz, CDCl3) (3j) 
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19F NMR (377 MHz, CDCl3) (3j) 

 
 

 
1H NMR (500 MHz, CDCl3) (3k)  
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13C NMR (126 MHz, CDCl3) (3k) 

 

 
19F NMR (376 MHz, CDCl3) (3k) 
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1H NMR (500 MHz, CDCl3) (3l)  

 

 
13C NMR (126 MHz, CDCl3) (3l) 
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19F NMR (376 MHz, CDCl3) (3l) 

 
 

 
1H NMR (500 MHz, CDCl3) (3m)  
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13C NMR (126 MHz, CDCl3) (3m) 

 

 
19F NMR (376 MHz, CDCl3) (3m) 
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1H NMR (400 MHz, CDCl3) (3n)  

 

 
13C NMR (151 MHz, CDCl3) (3n) 
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19F NMR (376 MHz, CDCl3) (3n) 

 
 

 
1H NMR (600 MHz, CDCl3) (3o)  
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13C NMR (151 MHz, CDCl3) (3o) 

 

 
19F NMR (376 MHz, CDCl3) (3o) 
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1H NMR (600 MHz, CDCl3) (3p)  

 

 
13C NMR (151 MHz, CDCl3) (3p) 
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19F NMR (376 MHz, CDCl3) (3p) 

 
 

 
1H NMR (500 MHz, CDCl3) (3q)  
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13C NMR (126 MHz, CDCl3) (3q) 

 

 
19F NMR (376 MHz, CDCl3) (3q) 

 
 



S70 

 

1H NMR (600 MHz, CDCl3) (3r)  

 

 
13C NMR (151 MHz, CDCl3) (3r) 
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19F NMR (376 MHz, CDCl3) (3r) 

 
 

 
1H NMR (500 MHz, CDCl3) (3s)  
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13C NMR (151 MHz, CDCl3) (3s) 

 

 

 
19F NMR (376 MHz, CDCl3) (3s) 
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1H NMR (600 MHz, CDCl3) (3t)  

  

 
13C NMR (151 MHz, CDCl3) (3t) 
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19F NMR (470 MHz, CDCl3) (3t) 

 

 

 
1H NMR (600 MHz, CDCl3) (3u)  
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13C NMR (151 MHz, CDCl3) (3u) 

 

 
19F NMR (376 MHz, CDCl3) (3u) 
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1H NMR (600 MHz, CDCl3) (3v)  

 

 
13C NMR (151 MHz, CDCl3) (3v) 
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19F NMR (376 MHz, CDCl3) (3v) 

 

 

 
1H NMR (600 MHz, CDCl3) (3w)  
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13C NMR (151 MHz, CDCl3) (3w) 

 

 
19F NMR (376 MHz, CDCl3) (3w) 
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1H NMR (400 MHz, CDCl3) (4a)  

 

 
13C NMR (126 MHz, CDCl3) (4a) 
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19F NMR (376 MHz, CDCl3) (4a) 

 
 

 
1H NMR (400 MHz, CDCl3) (5a)  
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13C NMR (126 MHz, CDCl3) (5a) 

 

 
19F NMR (470 MHz, CDCl3) (5a) 
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1H NMR (500 MHz, CDCl3) (6a)  

 

 
13C NMR (126 MHz, CDCl3) (6a) 
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19F NMR (470 MHz, CDCl3) (6a) 

 

 

 
1H NMR (400 MHz, CDCl3) (7a)  
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13C NMR (126 MHz, CDCl3) (7a) 

 

 
19F NMR (377 MHz, CDCl3) (7a) 
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