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General information 

All chemicals and solvents were purchased from commercial suppliers and used without further purification. 

N-(trifluoromethylthio)phthalimide 2 was prepared according the reported procedure.1 Catalysts I-XXV, 

XXVIII-XXX2 and catalysts XXVI, XXVII3 were prepared following the general procedure described in the 

literature.2 Reactions were monitored by analytical thin layer chromatography (TLC) on precoated silica gel 

plates (0.25 mm) and visualized by UV light. Flash chromatography was performed on Silica Gel 60 (particle 

size: 0.040–0.063 mm). 1H-, 13C- and 19F- NMR spectra were recorded on a Bruker Avance III 300 MHz 

spectrometer and a Bruker Avance-400 spectrometer at room temperature in CDCl3. All NMR spectra were 

referenced to residual CHCl3 (7.26 ppm, 1H; 77.16 ppm, 13C). The following abbreviations are used to indicate 

the multiplicity in NMR spectra: s = singlet; d = doublet; dd = double doublet; t = triplet; q = quartet; m = 

multiplet. Coupling constants (J) are quoted in Hertz. Optical rotations were measured on a Perkin-Elmer 241 

MC Polarimeter in 10 cm path length cells and are reported as follows: [𝜶]𝑫
𝑻= (c in g/100 mL, solvent). High 

resolution mass spectra (HRMS) were acquired using an Agilent Technologies 6120 Quadrupole LC/MS, and 

MassWorks software ver. 4.0.0.0 (Cerno Bioscience) was used for the formula identification. MassWorks is a 

MS calibration software which calibrates for isotope profile as well as for mass accuracy allowing highly 

accurate comparisons between calibrated and theoretical spectra. The samples were ionized in positive ion 

mode using a ESI ion source. Enantiomeric ratios were determined by chiral HPLC or by Supercritical Fluid 

Chromatography (SFC) using CHIRALPAK® AS-H (250 x 4.6 mm, 5 µm) and IB (250 x 4.6 mm, 5 µm) 

columns. 
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Synthesis azlactones 1a-o  

The azlactones 1a-o were prepared in two steps, slightly modifying synthetic procedures reported in the 

literature. 

 

STEP 1.4 To a solution of amino acid 4 (1.0 eq., 15.0 mmol) in 2 M NaOH aqueous solution (18 ml), aroyl 

chloride was added (1.0 eq., 15.0 mmol). The resulting reaction mixture was stirred at room temperature until 

complete homogenization and then acidified to pH 2 by adding 1 M HCl aqueous solution. After 2 hours, the 

mixture was extracted with EtOAc (2 x 50 ml) and the combined organic phases were dried over Na2SO4 and 

concentrated under reduced pressure. The crude residue 5 was used in the next step without further purification. 

 

STEP 2.5 N-aroyl amino acid 5 (1 eq., 15 mmol) and EDC (1.3 eq., 19.5 mmol) were dissolved in anhydrous 

CH2Cl2 (50 ml) under nitrogen atmosphere. The resulting reaction mixture was stirred at room temperature for 

1 hour. The mixture was diluted with additional 50 ml of CH2Cl2 and washed with water (2 x 50 ml) and brine 

solution (30 ml). Then, the organic phase was dried over Na2SO4 and concentrated under reduced pressure. In 

all cases products were obtained in a form suitable for use without further purification. 

 

The characterization data of the compound 1a-e, 1g, 1h, 1j-l and 1n-o matched those previously reported.6 

Characterization data of unknown azlactones 1f, 1i and 1m are reported below. 

 

 2-(4-methoxyphenyl)-4-(naphthalen-2-ylmethyl)oxazol-5(4H)-one (1f): Obtained as a 

yellow solid (4.6 g, 92% yield), mp 116-117 °C. 1H NMR (300 MHz, CDCl3) δ 7.87 (d, J 

= 8.8 Hz, 2H), 7.83–7.71 (m, 4H), 7.51–7.37 (m, 3H), 6.90 (d, J = 8.8 Hz, 2H), 4.75 (dd, 

J = 6.8, 4.9 Hz, 1H), 3.78 (s, 3H), 3.53 (dd, J = 14.0, 4.9 Hz, 1H), 3.33 (dd, J = 14.0, 6.8 Hz, 1H). 13C NMR 

(75 MHz, CDCl3) δ 177.9, 163.2, 161.5, 133.4, 133.3, 132.6, 129.8, 128.4, 128.0, 127.8, 127.8, 127.7, 126.1, 

125.8, 118.1, 114.2, 66.6, 55.4, 37.6. HRMS (ESI) [M + H+] calcd for C21H18NO3
+ 332.1281, found 332.1286. 

 
4-(3,4-dichlorobenzyl)-2-(4-methoxyphenyl)oxazol-5(4H)-one (1i): Obtained as a 

yellow solid (4.6 g, 90% yield), mp 108-109 °C. 1H NMR (300 MHz, CDCl3) δ 7.84 (d, J 

= 8.8 Hz, 2H), 7.36 (d, J = 1.7 Hz, 1H), 7.30 (d, J = 8.2 Hz, 1H), 7.09 (dd, J = 8.2, 1.7 Hz, 

1H), 6.92 (d, J = 8.8 Hz, 2H), 4.60 (dd, J = 6.8, 5.0 Hz, 1H), 3.83 (s, 3H), 3.28 (dd, J = 

14.1, 5.0 Hz, 1H), 3.07 (dd, J = 14.1, 6.8 Hz, 1H). 13C NMR (75 MHz, CDCl3) δ 177.3, 163.4, 161.8, 135.8, 

132.3, 131.6, 131.3, 130.3, 129.8, 129.0, 117.7, 114.3, 65.9, 55.5, 36.4. HRMS (ESI) [M + H+] calcd for 

C17H14Cl2NO3
+ 350.0345, found 350.0349. 

 



S4 
 

4-(cyclohexylmethyl)-2-(4-methoxyphenyl)oxazol-5(4H)-one (1m): Obtained as a white 

solid ( 3.6 g, 84% yield), mp 115-114 °C. 1H NMR (300 MHz, CDCl3) δ 7.92 (d, J = 8.9 Hz, 

2H), 6.96 (d, J = 8.9 Hz, 2H), 4.41 (dd, J = 8.6, 5.5 Hz, 1H), 3.86 (s, 3H), 1.93 – 1.54 (m, 8H), 

1.39–1.10 (m, 3H), 1.07–0.85 (m, 2H). 13C NMR (75 MHz, CDCl3) δ 179.3, 163.1, 161.2, 129.8, 118.3, 114.2, 

63.2, 55.5, 39.6, 34.3, 33.5, 32.7, 26.4, 26.1, 26.0. HRMS (ESI) [M + H+] calcd for C17H12NO3
+ 288.1594, 

found 288.1591. 

 

Typical procedure for the synthesis of racemic compound 3e 

In a 4 ml vial, to a mixture of azlactone 1e (1.0 eq., 0.10 mmol, 28.1 mg), N-(trifluoromethylthio)phthalimide 

2 (1.2 eq., 0.12 mmol, 29.7 mg), TBAB (0.20 eq., 0.02 mmol,  6.4 mg), and K3PO4 (0.1 eq., 0.01 mmol,  2.1 

mg) dichloromethane (1.0 mL) was added and the reaction mixture was stirred for 1 hour at -20 °C. Then, the 

mixture was filtered and concentrated in vacuo. The crude residue was purified by chromatography (10 g silica 

gel cyclohexane-ethyl acetate, 99/1 to 80/20) to afford the desired product 3e (30.5 mg, 80 % yield) as a white 

solid. 

 

General procedure for the enantioselective trifluoromethylthiolation of azlactones 

In a 4 ml vial, to a mixture of the selected azlactone (1.0 eq., 0.10 mmol), N-(trifluoromethylthio)phthalimide 

2 (1.2 eq., 0.12 mmol, 29.7 mg), catalyst VIII (0.20 eq., 0.02 mmol,  12.6 mg), and K3PO4 (0.1 eq., 0.01 mmol,  

2.1 mg) dichloromethane (1.0 mL) was added and the reaction mixture was stirred for the indicated time at -

20 °C. Then, the mixture was filtered and concentrated in vacuo. The crude residue was purified by 

chromatography (10 g silica gel cyclohexane-ethyl acetate, 99/1 to 80/20) to afford the corresponding product. 

 

Optimization of reaction conditions  

Base screening of asymmetric trifluoromethylthiolation of 1a  

 

entry Base T (°C) t (h) yield (%)a erb 

1 K3PO4 (aq.) 10% RT 16 28 64:36 

2 K3PO4 (s) 5.0 eq. RT 1 42 57:43 

3 K3PO4 (s) 5.0 eq. 0 2  45 59:41 

4 K3PO4 (s) 0.1 eq. RT 5  64 65:35 

5 K3PO4 (s) 0.1 eq. -20 65  74 72:28 

6 K3PO4 (s) 0.1 eq. -40 65 35 62:38 
a Isolated yield. b Determined by HPLC on a chiral stationary phase. 
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Catalyst screening for asymmetric trifluoromethylthiolation of 1a  
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Screening of reaction conditions for asymmetric trifluoromethylthiolation of 1e  

 

 

entry Base solvent (x mol%) T (°C) t (h) yield (%)a erb 

1 K3PO4 DCM 20 -20 1 84 94:6   

2c K3PO4 DCM 20 -20 4 89 75:25 

3 K2CO3 DCM 20 -20 1 80 83:17 

4 Cs2CO3 DCM 20 -20 1 79 86:14 

5 NaHCO3 DCM 20 -20 1 83 88:12 

6 KF DCM 20 -20 1 82 90:10 

7 K-Phthalimide DCM 20 -20 2 83 80:20 

8 K3PO4 CHCl3 20 -20 6 83 83:17 

9 K3PO4 Et2O 20 -20 2 87 76:24 

10 K3PO4 THF 20 -20 1 85 67:33 

11 K3PO4 DCE 20 -20 3 88 72:28 

12 K3PO4 toluene 20 -20 6 88 83:17 

13 K3PO4 DCM 10 -20 1 86 90:10 

14 K3PO4 DCM 5 -20 1 87 89:11 

15 K3PO4 DCM 2 -20 1 89 86:14 

16 K3PO4 DCM 20 -40 3 82 91:9 

17 K3PO4 DCM 20 -70 6 85 87:13 
 

a Isolated yield. b Determined by HPLC on a chiral stationary phase. c Reaction performed with 5 mol% of K3PO4. 
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Trifluoromethylthiolation of azlactones 1a-e promoted by TBAB 

 

 

entry R t (h) yield (%)a 

1 4-CN(C6H4) 168 Degradation 

2 4-CF3(C6H4) 168 Degradation 

3 C6H5 96 47 

4 4-Cl(C6H4) 19 60 

5 4-OMe(C6H4) 1 80 
a Isolated yield. 

 

 

 

Experimental and theoretical circular dichroism spectra of compound 3k 

Electronic Circular Dichroism (CD) spectra were experimentally obtained at 25°C on a Jasco-815 

CDspectrometer including a Jasco Peltier ETCT-762 temperature controller. Measurements were performed 

using quartz cuvettes (1cm), (c = 5.2E-5 in DCM spectroscopic grade). The CD spectra were also simulated 

by means of density functional (DFT) simulations. To this we optimized the geometry of compound 3k at the 

CAM-B3LYP/cc-pVTZ level of theory, i.e. with the long-range-corrected version of B3LYP using the 

attenuating method7. Solvent effects (dichloromethane) were included within the Polarizable Continuum 

Model (PCM) using the integral equation formalism variant (IEFPCM)8. The same method was used to 

compute the CD spectra9 within the time-dependent density functional theory (TDDFT)10. Figure S1 represents 

the experimental CD spectra of 3k and the simulated one for both enantiomers, allowing to disentangle the 

chirality easily with the first two bands (transitions observed between 300 and 250 nm).   
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Figure S1. Experimentally measured CD spectra of compound 3k (red curve) and simulation for both 

enantiomers (black bars). We can conclude that the measured spectra correspond to the left one, i.e. the 3k R 

enantiomer. 

 

 

DFT calculations 

The density functional theory (DFT) calculations were performed using the M062x functional11, specially 

developed to correctly reproduce non-covalent interactions, in combination with the 6-31++G(d,p) basis set, 

which includes both polarization and diffusion functions. Solvent effects (dichloromethane) were included 

within the Polarizable Continuum Model (PCM) using the integral equation formalism variant (IEFPCM)8. 

Atomic charges were computing within a Natural Bond Orbital analysis, using NBO version 312. 
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NMR Spectra 

2-(4-methoxyphenyl)-4-(naphthalen-2-ylmethyl)oxazol-5(4H)-one (1f) 
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4-(3,4-dichlorobenzyl)-2-(4-methoxyphenyl)oxazol-5(4H)-one (1i) 
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4-(cyclohexylmethyl)-2-(4-methoxyphenyl)oxazol-5(4H)-one (1m) 
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4-benzyl-2-(4-methoxyphenyl)-4-(trifluoromethyl)thio)oxazol-5(4H)-one (3e) 

 

 

 



S14 
 

 

 

2-(4-methoxyphenyl)-4-(naphthalen-2-ylmethyl)-4-((trifluoromethyl)-thio)oxazol-5(4H)-one (3f) 
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4-benzyl-2-(3,5-dimethoxyphenyl)-4-((trifluoromethyl)thio)oxazol-5(4H)-one (3g) 
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4-(3,4-dimethoxybenzyl)-2-(4-methoxyphenyl)-4-((trifluoromethyl)thio)oxazol-5(4H)-one (3h) 
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4-(3,4-dichlorobenzyl)-2-(4-methoxyphenyl)-4-(trifluoromethyl)-thio)oxazol-5(4H)-one (3i) 
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4-(4-chlorobenzyl)-2-(4-methoxyphenyl)-4-(trifluoromethyl)thio)oxazol-5(4H)-one (3j) 

 

O

N

O

SCF3PMP

Cl



S21 
 

 

 

 

 

 

 



S22 
 

2-(4-methoxyphenyl)-4-phenethyl-4-((trifluoromethyl)thio)oxazol-5(4H)-one (3k) 
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2-(4-methoxyphenyl)-4-(2-(ethylthio)ethyl)-4-((trifluoromethyl)thio)oxazol-5(4H)-one (3l) 
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4-(cyclohexylmethyl)-2-(4-methoxyphenyl)-4-((trifluoromethyl)thio)oxazol-5(4H)-one (3m) 
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4-isobutyl-2-(4-methoxyphenyl)-4-((trifluoromethyl)thio)oxazol-5(4H)-one (3n) 
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4-isopropyl-2-(4-methoxyphenyl)-4-((trifluoromethyl)thio)oxazol-5(4H)-one (3o) 
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4-benzyl-2-phenyl-4-((trifluoromethyl)thio)oxazol-5(4H)-one (3a) 
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4-benzyl-2-(4-chlorophenyl)-4-((trifluoromethyl)thio)oxazol-5(4H)-one (3d) 
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Copies of chromatograms  

 

Compound 3e 
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Compound 3f 
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Compound 3g 
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Compound 3h 
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Compound 3i 
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Compound 3j 
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Compound 3k 
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Compound 3l 
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Compound 3m 
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Compound 3n 
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Compound 3o 
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Compound 3a 
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Compound 3d 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


