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General information: 1H NMR and 13C NMR spectra were recorded on a Bruker AM300 and 

AM400 spectrometer. 19F NMR was recorded on a Bruker AM300 spectrometer (CFCl3 as outside 

standard and low field is positive). Chemical shifts (δ) are reported in ppm, and coupling constants 

(J) are in Hertz (Hz). The following abbreviations were used to explain the multiplicities: s = singlet, 

d = doublet, t = triplet, q = quartet, m = multiplet, br = broad. NMR yield was determined by 19F 

NMR using trifluorobenzene as an internal standard before working up the reaction. 

 

Materials: Me2Zn (1.2 M in toluene) was purchased from Acros, all alkynes were from Aldrich, 

and methyl trifluoropyruvate was from Intechem, China. All reagents were weighed and handled in 

air, and refilled with an inert atmosphere of N2 at room temperature. Toluene and hexane were 

distilled from sodium and benzophenone immediately before use. CH2Cl2 and CHCl3 were distilled 

from CaH2. The BINOL type ligands 4a,1 4c-g,1 4h-j2 were prepared according to literatures.  
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Table S1. Screens for Addition of Phenylacetylene 2a to α-Ketoimine Ester 1 with Different 
Transition Metal Catalysts. a 

 

 
 

Entry Catalyst Ligand Yieldb 

1 CuPF6.CH3CN L1 0 

2 CuPF6.CH3CN L2 0 

3 CuOTf.0.5C6H6 L1 0 

4 CuOTf.0.5C6H6 L2 0 

5 Sc(OTf)3 L2 0 

6 Zn(OTf)2 ---- 0 
aReaction conditions: 1 (0.3 mmol), 2a (0.6 mmol), catalyst (10 mol%), L (10 mol%) PMP-NH2 (0.1 equiv) in 
CH2Cl2 at room temperature. bPart of 1 was decomposed and some uncertain products were observed. N.R., no 
reaction. 

 

General Procedure for Addition of Phenylacetylene 2a to α-Ketoimine Ester 1 with 

Zinc/BINOL Catalytic System (Table S2). To a solution of Phenylacetylene 2a (1.7-3.3 equiv) in 

anhydrous solvent (1.2 mL) was added Me2Zn (1.2-1.5 equiv, 1.2 M in toluene) under Ar at room 

temperature. After stirring for 1h, BINOL type ligand 4 (5-10 mol%) was added as a solid in one 

portion. The reaction mixture was stirred for 2.5 h at room temperature. α-CF3 ketoimine ester 1 

(0.3 mmol) was then added as an oil by a microliter syringe. The reaction mixture was stirred at the 

same temperature until the starting material was totally consumed, as confirmed by means of TLC. 

The reaction mixture was quenched with saturated NH4Cl, and diluted with EtOAc. The aqueous 

layer was extracted with EtOAc. The combined organic extract was dried over anhydrous sodium 

sulfate, filtered, and concentrated. The residue was purified using chromatography on silica gel 

(Petroleum ether /Ethyl acetate = 100:1) to give product 3a. 
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Table S2. Addition of Phenylacetylene 2a to α-Ketoimine Ester 1 with Zn/BINOL Catalytic 
Systema 

 

 
 

Entry Me2Zn (equiv) 2a (equiv) L* 4 (x mol%) Solvent Time (h) Yield (%)b ee (%)c 

1 1.5 2.4 4a, 10 toluene 8 78 87 

2 1.5 2.7 4a, 10 toluene 8 80 88 

3 1.5 3.3 4a, 10 toluene 8 77 87 

4 1.3 2.1 4a, 10 toluene 8 89 88 

5 1.2 2.0 4a, 10 toluene 8 90 85 

6 1.2 2.0 4a, 10 CH2Cl2 8 76 87 

7 1.2 2.0 4a, 10 CHCl3 12 84 62 

8 1.2 2.0 4a, 10 Hexane 8 76 82 

9 1.2 2.0 4h, 10 toluene 8 91 97 

10 1.2 1.7 4h, 5 toluene 24 90 97.3 
aRecation conditions: 1 (0.3 mmol) in solvent (1.2 mL); bIsolated yield; c Determined by chiral HPLC 
analysis. 
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General Procedure for Self-Disproportionation of Enantiomers (SDE) Test of Compounds 3a 

and 3h. After the enantioselective addition of alkyne 2a or 2h to α-Ketoimine ester 1, the reaction 

mixture was worked up as mentioned in general procedure. The crude product 3a or 3h was run on 

silica gel chromatography to give 7 fractions that include all of the product. The 7 fractions were 

subsequently determined ee values by chiral HPLC analysis separately as shown in Table S3 and 

S4. 

 

The SDE tests of 3a and 3h showed that 3a has slight SDE effect, but no such effect for 3h. 

However, the ee values obtained before and after column chromatography are similar, suggesting 

that the ee values obtained after purification are not influenced by the SDE effect of 3. 

 

Table S3. Self-disproportionation of enantiomers (SDE) test of compound 3a.a  

NH

F3C CO2Me

OMe

Ph
3a  

Fraction Mass / mg Mass% % eeb 

A1 12.8 8.8 99.8 

B2 18.9 13.1 97.2 

C3 21.0 14.5 97.6 

D4 23.7 16.4 97.7 

E5 20.4 14.1 97.7 

F6 15.0 10.4 97.9 

G7 32.9 22.7 97.9 

SUM (A1-G7) 144.7 100 97.9c 
aSilica gel chromatography eluent: petroleum ether/ethyl acetate = 100/1. bDetermined by chiral HPLC analysis 
after column chromatography (AD-H, flow 0.7mL/min, Hexane/i-PrOH = 98:2, 214 nm, tR = 7.783 min 
(major) and tR = 10.077 min (minor)). 98.3% ee was obtained before column chromatography for compound 
3a. c average ee value based on calculation. 
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Table S4. Self-disproportionation of enantiomers (SDE) test of compound 3h.a 

NH

F3C CO2Me

OMe

3h  

Fraction Mass / mg Mass% % eeb 

A1 2.0 2.2 98.71 

B2 6.7 7.2 98.29 

C3 7.7 8.3 98.09 

D4 17.1 18.4 98.04 

E5 25.1 27.1 98.40 

F6 16.8 18.1 98.98 

G7 17.3 18.7 98.42 

SUM (A1-G7) 92.7 100 98.4c 
aSilica gel chromatography eluent: petroleum ether/ethyl acetate = 200/1. bDetermined by chiral HPLC analysis 
after column chromatography (PC-1, flow 0.7mL/min, Hexane/i-PrOH = 98:2, 214 nm, tR = 7.485 min 
(major) and tR = 8.052 min (minor)). 98.5% ee was obtained before column chromatography for compound 
3h. cAverage ee value based on calculation. 
 

 

Preparation of α-Ketoimine Ester 1.  

 

Methyl 3,3,3-trifluoro-2-(2-methoxyphenylimino)propanoate (1).3, 4 To a solution of 

2-methoxyaniline (3.3 mL, 30 mmol) in 1N HCl (30 mL) was added NaNO2 (2.08 g, 30 mmol) at 0 
oC. After stirring for 2 h at same temperature, the reaction mixture was warmed to room 

temperature. NaN3 (2.34 g, 36 mmol) was added. The reaction mixture stirred until the starting 
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material was consumed. The reaction mixture was diluted with ethyl acetate, washed with brine. 

The organic layer was dried over Na2SO4, filtered, and concentrated to give 

1-azido-2-methoxybenzene 4.185 g (93% yield) as a brown oil, which was used for next step. To a 

solution of 1-azido-2-methoxybenzene (4.18 g, 28 mmol) in THF was added dropwise of a solution 

of Ph3P (7.31 g, 28 mmol) in THF (100 mL) at room temperature. The resulting mixture was then 

heated to reflux and stirred for 2 h. The reaction mixture was cooled to room temperature. Methyl 

trifluoropyruvate (1.87 mL, 16.7 mmol) was added. The reaction mixture was then heated to reflux 

and stirred until the starting material was consumed. The reaction was then cooled to room 

temperature and concentrated. The residue was extracted with petroleum ether several times. The 

combined organic layers were concentrated. The residue was purified with silica gel by flash 

chromatography (Petroleum ether /Ethyl Acetate = 80:1) to give 1 (3.90 g, 89% yield ) as a brown 

oil. 1H NMR (300 MHz, CDCl3) δ 7.17 (td, J = 8.7, 2.4, 1H), 6.99-6.94 (m, 2H), 6.92-6.87 (m, 2H), 

3.71 (s, 3H), 3.67 (s, 3H); 19F NMR (282 MHz, CDCl3) δ -69.6 (s, 3F). IR (thin film): νmax 2858, 

1747, 1593 cm-1. MS (EI): m/z (%) 261 (M+), 202 (100), 133, 77. HRMS: Calculated for 

C11H10NO3F3 (M+): 261.0613; Found: 261.0612. 
 

Methyl 3,3,3-trifluoro-2-(4-methoxyphenylimino)propanoate (1’).5 The 

preparation of 1’ is same with 1. 1H NMR (300 MHz, CDCl3) δ 7.01 (d, J = 

6.9, 2H), 6.90 (d, J = 6.9, 2H), 3.82 (s, 3H), 3.78 (s, 3H); 19F NMR (282 MHz, 

CDCl3) δ -69.5 (s, 3F).  

 

General Procedure for Enantioselective Addition of Terminal Alkynes to α-Ketoimine Esters 1. 

To a solution of terminal alkyne 2 (1.7 equiv) in anhydrous toluene (1.2 mL) was added Me2Zn 

(300 μL, 1.2 M in toluene) under Ar at room temperature. After stirring for 1h, BINOL type ligand 

4h (6.5 mg, 5 mol%) was added as a solid in one portion. The reaction mixture was stirred for 2.5 h 

at room temperature. α-Fluoroalkyl ketoimine ester 1 (0.3 mmol) was then added as an oil with a 

microliter syringe. The reaction mixture was stirred at the same temperature until the starting 

material was totally consumed, as confirmed by means of TLC. The reaction mixture was quenched 

with saturated NH4Cl, and diluted with EtOAc. The aqueous layer was extracted with EtOAc. The 

combined organic extract was dried over anhydrous sodium sulfate, and the solvent was removed in 

MeO2C CF3

N

MeO
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vacuo. The residue was purified using chromatography on silica gel to give product 3. 

Note: For α-CF3 α-amino acids 3, two ee values were provided for each compound, which were 

determined before and after silica gel column chromatography.  

 

General Procedure for Synthesis of Racemic 3. 

To a solution of terminal alkyne 2 (1.7 equiv) in anhydrous toluene (1.2 mL) was added Me2Zn 

(300 μL, 1.2 M in toluene) under Ar at room temperature. After stirring for 1h, racemic BINOL 4h 

(6.5 mg, 5 mol%) was added as a solid in one portion. The reaction mixture was stirred for 2.5 h at 

room temperature. α-CF3 ketoimine ester 1 (0.3 mmol) was then added as an oil by a microliter 

syringe. The reaction mixture was stirred at the same temperature until the starting material was 

totally consumed, as confirmed by means of TLC. The reaction mixture was quenched with 

saturated NH4Cl, and diluted with EtOAc. The aqueous layer was extracted with EtOAc. The 

combined organic extract was dried over anhydrous sodium sulfate, and the solvent was removed in 

vacuo. The residue was purified using chromatography on silica gel to give products 3. 

 

(R)-Methyl 2-(2-methoxyphenylamino)-4-phenyl-2-(trifluoromethyl)but 

-3-ynoate (3a). The product (98 mg, 90% yield) as a colorless oil was purified 

with silica gel chromatography (Petroleum ether/Ethyl acetate = 100:1). 1H NMR 

(300 MHz, CDCl3) δ 7.41-7.32 (m, 5 H), 7.20 (m, 1H), 6.86 (m, 3H), 3.96 (s, 3H), 

3.89 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 165.9, 148.6, 132.7, 131.9 (2), 129.3, 

128.3 (2), 123.0 (q, J = 288.1), 121.0, 120.3, 120.2, 116.0 (q, J = 2.2), 109.8, 89.6, 78.6, 63.4 (q, J = 

32.1), 55.6, 54.7; 19F NMR (282 MHz, CDCl3) δ -74.8 (s, 3F). IR (thin film): νmax 3373, 2238, 1758, 

1602 cm-1. LRMS (EI): m/z (%) 363 (M+), 304 (100), 77. HRMS (EI) Calcd for C19H16F3NO3: 

363.1082. Found: 363.1083. [α]25
D = -7.8 (c 3.2, CHCl3) for a 97.3% ee sample Enantiomeric purity 

was determined by chiral HPLC analysis (AD-H, flow 0.7mL/min, Hexane/i-PrOH = 98:2, 214 nm, 

tR = 7.727 min (major) and tR = 9.977 min (minor)): 98.3% ee (before silica gel column 

chromatography), 97.3% ee (after silica gel column chromatography). 

 

 

 

NH

F3C CO2Me

OMe

Ph
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(R)-Methyl 2-(4-methoxyphenylamino)-4-phenyl-2-(trifluoromethyl)but-3-ynoate (3a’). 2.0 

equiv of phenylacetylene was used. The product (98 mg, 90% yield) as a 

colorless oil was purified with silica gel chromatography (Petroleum 

ether/Ethyl acetate = 100:1). 1H NMR (300 MHz, CDCl3) δ 7.39 – 7.23 (m, 

5H), 7.06 (d, J = 9.0, 2H), 6.80 (d, J = 9.0, 2H), 3.94 (s, 3H), 3.77 (s, 3H). 

13C NMR (75.4 MHz, CDCl3) δ = 166.4, 155.5, 136.1, 131.9(2), 129.3, 

128.3(2), 122.9(2), 122.8 (q, J = 287.1), 121.0, 113.9(2), 90.3, 78.6, 65.3 (q, J = 30.9), 55.4, 54.7. 
19F NMR (282 MHz, CDCl3) δ -75.3 (s, 3F). IR (thin film): νmax 3354, 2241, 1755, 1574 cm-1. 

LRMS (EI): m/z (%) 363 (M+), 304 (100), 234, 122. HRMS (EI) Calcd for C19H16F3NO3: 363.1082. 

Found: 363.1081. [α]27
D = -21 (c 0.55, CHCl3) for a 95.7% ee sample. Enantiomeric purity was 

determined by chiral HPLC analysis (AD-H, flow 0.7mL/min, Hexane:i-PrOH=95:5, 214nm, tR = 

11.627 min (major) and tR = 11.727 min (minor)): 96.1% ee (before silica gel column 

chromatography), 95.7% ee (after silica gel column chromatography). 

 

(R)-Methyl 2-(2-methoxyphenylamino)-4-(4-propylphenyl)-2-(trifluoromethyl)but-3-ynoate 

(3b). The product (112 mg, 92% yield) as a colorless oil was purified with silica 

gel chromatography (Petroleum ether/Ethyl acetate = 100:1). 1H NMR (300 

MHz, CDCl3) δ 7.31 (d, J = 8.2, 2H), 7.20 (t, J = 3.8, 1H), 7.11 (d, J = 8.2, 2H), 

6.83  – 6.87 (m, 3H), 3.95 (s, 3H), 3.89 (s, 3H), 2.56 (t, J = 7.2, 2H), 1.61 (m, 

2H), 0.91 (t, J = 7.3, 3H); 13C NMR (75.4 MHz, CDCl3) δ 166.0, 148.4, 144.4, 

132.7, 131.8(2), 128.4(2), 123.0 (q, J = 288.2), 120.3, 120.0, 118.1, 115.9 (q, J 

= 2.0), 109.7, 89.9, 77.9, 63.3 (q, J = 32.2), 55.6, 54.7, 37.9, 24.3, 13.6; 19F NMR (282 MHz, CDCl3) 

δ -74.9 (s, 3F). IR (thin film): νmax 3372, 2237, 1759, 1603 cm-1. LRMS (EI): m/z (%) 405 (M+), 346 

(100), 336. HRMS (EI) Calcd for C22H22F3NO3: 405.1552. Found: 405.1549. [α]24
D = -1.8 (c 1.5, 

CHCl3) for a 97.5% ee sample. Enantiomeric purity was determined by chiral HPLC analysis 

(AD-H, flow 0.7mL/min, Hexane/i-PrOH = 95:5, 214 nm, tR = 6.73 min (major) and tR = 9.23 

min(minor)).  

 

 

 

NH

F3C CO2Me

OMe

n-C3H7

NH

F3C CO2Me

Ph

MeO
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(R)-Methyl 4-(4-methoxyphenyl)-2-(2-methoxyphenylamino)-2-(trifluoromethyl)but-3-ynoate 

(3c). The product (102 mg, 87% yield) as a white solid was purified with silica 

gel chromatography (Petroleum ether/Ethyl acetate = 100:1). M.P. 68-71 oC; 1H 

NMR (300 MHz, CDCl3) δ 7.33 (d, J = 8.9, 2H), 7.20 (m, 1H), 6.80 – 6.87 (m, 

5H), 3.95 (s, 3H), 3.89 (s, 3H), 3.80 (s, 3H). 13C NMR (75.4 MHz, CDCl3) δ 

166.1, 160.3, 148.5, 133.5(2), 132.8, 123.1 (q, J = 288.1), 120.2, 120.0, 116.0 (q, 

J = 2.2), 113.9(2), 113.0, 109.8, 89.7, 77.3, 63.4 (q, J = 32.3), 55.6, 55.3, 54.7. 
19F NMR (282 MHz, CDCl3) δ -74.9 (s, 3F). IR (thin film): νmax 3369, 2235, 1758, 1605, 1511 cm-1. 

LRMS (EI): m/z (%) 393 (M+), 334 (100), 324. HRMS (EI) Calcd for C20H18F3NO4: 393.1188. 

Found: 393.1190. [α]20
D = 0.6 (c 1.5, CHCl3) for a 95.9% ee sample. Enantiomeric purity was 

determined by chiral HPLC analysis (AD-H, flow 0.7mL/min, Hexane/i-PrOH = 98:2, 214 nm, tR = 

11.477 min (major) and tR = 18.827 min (minor)): 98.5% ee (before silica gel column 

chromatography), 95.9% ee (after silica gel column chromatography). 

 

(R)-Methyl 4-(6-methoxynaphthalen-2-yl)-2-(2-methoxyphenylamino)-2-(trifluoromethyl)but-3-ynoate (3d). 

The product (120 mg, 91% yield) as a white solid was purified with silica gel 

chromatography (Petroleum ether/Ethyl acetate = 50:1). M.P. 83-86 oC; 1H 

NMR (300 MHz, CDCl3) δ 7.85 (s, 1H), 7.65 (t, J = 8.3, 2H), 7.37 (dd, J = 

8.5, 1.3, 1H), 7.25 (m, 1H), 7.15 (dd, J = 9.0, 2.4, 1H), 7.08 (d, J = 1.9, 1H), 

6.88 (m, 3H), 5.78 (br, 1H), 3.97 (s, 3H), 3.91 (s, 3H), 3.90 (s, 3H). 13C 

NMR (75.4 MHz, CDCl3) δ 166.0, 158.6, 148.5, 134.6, 132.7, 132.2, 129.4, 

128.6, 128.0, 126.8, 123.1 (q, J = 288.4), 120.3, 120.1, 119.6, 116.0, 115.7, 

110.0, 105.6, 90.2, 78.1, 63.4 (q, J = 32.0), 55.6, 55.3, 54.8. 19F NMR (282 MHz, CDCl3) δ -74.8 (s, 

3F). IR (thin film): νmax 3387, 2231, 1763, 1627, 1603 cm-1. LRMS (EI): m/z (%) 443 (M+), 384 

(100), 338. HRMS (EI) Calcd for C24H20F3NO4: 443.1344. Found: 443.1347. [α]24
D = 13.2 (c 2.20, 

CHCl3) for a 95.8% ee sample. Enantiomeric purity was determined by chiral HPLC analysis 

(AD-H, flow 0.7 mL/min, Hexane/i-PrOH = 98:2, 214 nm, tR = 15.177 min (major) and tR = 22. 

727min (minor)): 96.0% ee (before silica gel chromatography), 95.8% ee (after silica gel column 

chromatography). 

 

NH

F3C CO2Me

OMe

OMe

NH

F3C CO2Me
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(R)-Methyl 4-(3-chlorophenyl)-2-(2-methoxyphenylamino)-2-(trifluoromethyl)but-3-ynoate 

(3e). The product (108 mg, 90% yield) as a white solid was purified with silica 

gel chromatography (Petroleum ether/Ethyl acetate = 100:1). M.P. 27-29 oC; 
1H NMR (300 MHz, CDCl3) δ 7.37-7.32 (m, 2H), 7.28-7.22 (m, 2H), 7.14 (m, 

1H), 6.89 – 6.84 (m, 3H), 3.96 (s, 3H), 3.89 (s, 3H). 13C NMR (75.4 MHz, 

CDCl3) δ 165.6, 148.5, 134.1, 132.5, 131.7, 130.1, 129.7, 129.6, 122.9 (q, J = 

288.1), 122.6, 120.4, 120.2, 115.9 (q, J = 1.9), 109.8, 88.1, 79.8, 63.4 (q, J = 

31.7), 55.6, 54.8; 19F NMR (282 MHz, CDCl3) δ -74.8 (s, 3F). IR (thin film): νmax 3360, 2240, 1759, 

1602 cm-1. LRMS (EI): m/z (%) 399 (M+), 397 (M+), 338 (100), 202. HRMS (EI) Calcd for 

C19H15ClF3NO3: 397.0693. Found: 397.0696. [α]24
D = -3.3 (c 3.0, CHCl3) for a 93.9% ee sample. 

Enantiomeric purity was determined by chiral HPLC analysis (AD-H, flow 0.7mL/min, 

Hexane/i-PrOH = 98:2, 214 nm, tR = 7.127 min (major) and tR = 7.877 min (minor)): 94.6% ee 

(before silica gel column chromatography), 93.9% ee (after silica gel column chromatography). 

 

(R)-Ethyl 4-(4,4,4-trifluoro-3-(methoxycarbonyl)-3-(2-methoxyphenylamino)but-1-ynyl)benzoate (3f). The 

product (121 mg, 93% yield) as a colorless oil was purified with silica gel 

chromatography (Petroleum ether/Ethyl acetate = 100:1). 1H NMR (300 MHz, 

CDCl3) δ 7.98 (d, J = 8.3, 2H), 7.44 (d, J = 8.3, 2H), 7.15 (m, 1H), 6.89 – 6.84 

(m, 3H), 5.76 (br, 1H), 4.37 (q, J = 7.1, 2H), 3.97 (s, 3H), 3.89 (s, 3H), 1.39 (t, J 

= 7.1, 3H). 13C NMR (100 MHz, CDCl3) δ 165.7, 165.6, 148.6, 132.5, 131.8, 

130.9, 129.3, 125.4, 122.9 (q, J = 288.0), 120.4, 120.2, 116.0 (q, J = 2.0), 109.9, 

88.7, 81.3, 63.5 (q, J = 32.2), 61.2, 55.6, 54.8, 14.2. 19F NMR (282 MHz, CDCl3) 

δ -74.7 (s, 3F). IR (thin film): νmax 3370, 2240, 1759, 1721, 1604 cm-1. LRMS (EI): m/z (%) 435 

(M+), 376 (100), 202. HRMS(EI) Calcd for C20H20F3NO5: 435.1294. Found: 435.1296. [α]25
D = 7.1 

(c 2.9, CHCl3) for a 91.9% ee sample. Enantiomeric purity was determined by chiral HPLC analysis 

(AD-H, flow 0.7mL/min, Hexane/i-PrOH = 98:2, 214 nm, tR = 13.627 min (major) and tR = 20.617 

min (minor)): 91.9% ee (before silica gel column chromatography), 91.9% ee (after silica gel 

column chromatography). 

 

NH

F3C CO2Me

OMe

Cl

NH

F3C CO2Me
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(R)-Methyl 4-cyclohexenyl-2-(2-methoxyphenylamino)-2-(trifluoromethyl)but 

-3-ynoate (3g). 2.5 equiv of 1-ethynylcyclohex-1-ene and 1.2 equiv of Me2Zn 

were used. The product (101 mg, 91% yield) as a colorless oil was purified 

with silica gel chromatography (Petroleum ether/Ethyl acetate = 200:1). 1H 

NMR (300 MHz, CDCl3) δ 7.12 (m, 1H), 6.86 – 6.83 (m, 3H), 6.16 (m, 1H), 

5.70 (br, 1H), 3.92 (s, 3H), 3.87 (s, 3H), 2.06 (m, 4H), 1.58 (m, 4H). 13C NMR 

(75.4 MHz, CDCl3) δ166.1, 148.3, 137.8, 132.7, 123.0 (q, J = 288.2), 120.2, 119.8, 119.1, 115.9, 

110.0, 91.4, 75.8, 63.2 (q, J = 32.0), 55.6, 54.6, 28.2, 25.6, 21.9, 21.2. 19F NMR (282 MHz, CDCl3) 

δ -75.0 (s, 3F). IR (thin film): νmax 3373, 2226, 1757, 1603 cm-1. LRMS (EI): m/z (%) 367 (M+), 308 

(100), 298. HRMS (EI) Calcd for C19H20F3NO3: 367.1395. Found: 367.1390. [α]24
D = -12.4 (c 1.10, 

CHCl3) for a 99.6% ee sample. Enantiomeric purity was determined by chiral HPLC analysis 

(OD-H, flow 0.4mL/min, Hexane/i-PrOH = 100:1, 254 nm, tR = 13.113 min (major) and tR = 14.627 

min (minor)): 99.5% ee (before silica gel column chromatography), 99.6% ee (after silica gel 

column chromatography). 

 

(R)-Methyl 4-cyclopropyl-2-(2-methoxyphenylamino)-2-(trifluoromethyl)but-3-ynoate 

(3h). The product (89 mg, 91% yield) as a white solid was purified with silica gel 

chromatography (Petroleum ether/Ethyl acetate = 200:1). M.P. 55-57 oC; 1H 

NMR (300 MHz, CDCl3) δ 7.06 (t, J = 3.6 Hz, 1H), 6.85 – 6.81 (m, 3H), 5.61 (s, 

1H), 3.90 (s, 3H), 3.86 (s, 3H), 1.26 (m, 1H), 0.83 – 0.73 (m, 2H), 0.72 – 0.58 (m, 

2H). 13C NMR (75 MHz, CDCl3) δ 166.2, 148.4, 132.8, 123.0 (q, J = 288.0), 120.1, 119.9, 116.0 (q, 

J = 1.9), 109.7, 94.1, 64.7, 62.8 (q, J = 32.2), 55.6, 54.6, 8.2(2), -0.6. 19F NMR (282 MHz, CDCl3) δ 

-75.2 (s, 3F). IR (thin film): νmax 3367, 2247, 1756, 1603 cm-1. LRMS (EI): m/z (%) 327 (M+), 268 

(100), 258. HRMS (EI) Calcd for C16H16F3NO3: 327.1082. Found: 327.1087. [α]24
D = -7.4 (c 1.3, 

CHCl3) for a 98.2% ee sample. Enantiomeric purity was determined by chiral HPLC analysis (PC-1, 

flow 0.7mL/min, Hexane/i-PrOH = 98:2, 214 nm, tR = 7.727 min (major) and tR = 8.477 min 

(minor)): 98.5% ee (before silica gel column chromatography), 98.2% ee (after silica gel column 

chromatography). 
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(R)-Methyl 2-(2-methoxyphenylamino)-5,5-dimethyl-2-(trifluoromethyl)hex-3-ynoate (3i). To a 

solution of 3,3-dimethylbut-1-yne (5.0 equiv) in anhydrous toluene (1.2 mL) in 

a sealed tube was added Me2Zn (300 μL, 1.2 M in toluene) under Ar at room 

temperature. After stirring for 12h, BINOL type ligand 4h (6.5 mg, 5 mol%) 

was added as a solid in one portion. The reaction mixture was stirred for 2.5 h 

at room temperature. α-Trifluoromethyl ketoimine ester 1a (0.3 mmol) was 

then added as an oil with a microliter syringe. The reaction mixture was stirred at the same 

temperature for 70h. The reaction mixture was quenched with saturated NH4Cl, and diluted with 

EtOAc. The aqueous layer was extracted with EtOAc. The combined organic extracts were dried 

over anhydrous sodium sulfate, and the solvent was removed in vacuo. The residue was purified 

using chromatography (Petroleum ether/Ethyl acetate = 200:1) on silica gel to give product 3i 94 

mg (91% yield) as a white solid. M.P. 51-52 oC; 1H NMR (300 MHz, CDCl3) δ 7.14 (m, 1H), 6.87 – 

6.76 (m, 3H), 3.91 (s, 3H), 3.87 (s, 3H), 1.17 (s, 9H). 13C NMR (75.4 MHz, CDCl3) δ 166.4, 148.5, 

132.8, 123.0 (q, J = 287.8), 120.0, 119.9, 116.4 (q, J = 2.0), 109.6, 99.0, 68.5, 62.8 (q, J = 32.3), 

60.4, 55.6, 54.5, 30.1(3), 27.5. 19F NMR (282 MHz, CDCl3) δ -75.4 (s, 3F). IR (thin film): νmax 

3377, 2248, 1758, 1603 cm-1. LRMS (EI): m/z (%) 343 (M+), 284 (100), 274. HRMS (EI) Calcd for 

C17H20F3NO3: 343.1395. Found: 343.1399. [α]24
D = -20 (c 0.91, CHCl3) for a 97.6% ee sample. 

Enantiomeric purity was determined by chiral HPLC analysis (IC, flow 0.7mL/min, Hexane/i-PrOH 

= 100:1, 214 nm, tR = 8.660 min (minor) and tR = 10.177 min (major)): 97.5% ee (before silica gel 

column chromatography), 97.6% ee (after silica gel column chromatography). 

 

(R)-Methyl 2-(2-methoxyphenylamino)-6-phenyl-2-(trifluoromethyl)hex-3-ynoate (3j). 2.5 

equiv of but-3-ynylbenzene and 1.2 equiv of Me2Zn were used. The product (101 

mg, 86% yield) as a colorless oil was purified with silica gel chromatography 

(Petroleum ether/Ethyl acetate = 100:1). 1H NMR (300 MHz, CDCl3) δ 7.30 – 

7.20 (m, 3H), 7.14 (d, J = 7.8, 2H), 6.98 (d, J = 7.5, 1H), 6.86 – 6.76 (m, 3H), 

3.87 (s, 3H), 3.86 (s, 3H), 2.78 (m, 2H), 2.50 (td, J = 7.2, 3.0, 2H). 13C NMR 

(75.4 MHz, CDCl3) δ 166.1, 148.3, 140.0, 132.7, 128.4(2), 128.3(2), 126.3, 

123.0 (q, J = 288.0), 120.21, 119.8, 115.7 (q, J = 1.7), 109.7, 90.3, 70.7, 62.8 (q, 

J = 32.3), 55.6, 54.5, 34.0, 20.9. 19F NMR (282 MHz, CDCl3) δ -75.0 (s, 3F). IR (thin film): νmax 
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3374, 2250, 1756, 1603 cm-1. LRMS (EI): m/z (%) 391 (M+), 332 (100), 91. HRMS (EI) Calcd for 

C21H20F3NO3: 391.1395. Found: 391.1398. [α]24
D = -6.3 (c 4.0, CHCl3) for a 95.6% ee sample. 

Enantiomeric purity was determined by chiral HPLC analysis (PC-1, flow 0.7 mL/min, 

Hexane/i-PrOH = 98:2, 214 nm, tR = 11.577 min (minor) and tR = 12.777 min (major)): 95.1% ee 

(before silica gel column chromatography), 95.6% ee (after silica gel column chromatography). 

 

(R)-Methyl 2-(2-methoxyphenylamino)-2-(trifluoromethyl)dec-3-ynoate (3k). To a solution of 

oct-1-yne (2.5 equiv) in anhydrous toluene (1.2 mL) was added Me2Zn (300 

μL, 1.2 M in toluene) under Ar at room temperature. The reaction mixture was 

heated to 100 oC for 2h and cooled to room temperature. BINOL type ligand 

4h (6.5 mg, 5 mol%) was then added as a solid in one portion. The reaction 

mixture was stirred for 2.5 h at room temperature. α-Trifluoromethyl 

ketoimine ester 1a (0.3 mmol) was then added as an oil with a microliter syringe. The reaction 

mixture was stirred at the same temperature for 48h. The reaction mixture was quenched with 

saturated NH4Cl, and diluted with EtOAc. The aqueous layer was extracted with EtOAc. The 

combined organic extracts were dried over anhydrous sodium sulfate, and the solvent was removed 

in vacuo. The residue was purified using chromatography on silica gel (Petroleum ether/Ethyl 

acetate = 200:1) to give product 3k 106 mg (95% yield) as a white solid. M.P. 22-23 oC; 1H NMR 

(300 MHz, CDCl3) δ 7.10 (m, 1H), 6.83-6.81 (m, 3H), 3.90 (s, 3H), 3.87 (s, 3H), 2.22 (t, J = 6.9, 

2H), 1.47 (m, 2H), 1.32–1.21 (m, 6H), 0.87 (t, J = 6.7, 3H). 13C NMR (75 MHz, CDCl3) δ 166.3, 

148.3, 132.8, 123.1 (q, J = 287.9), 120.2, 119.8, 115.8 (q, J = 2.2), 109.7, 91.3, 69.9, 62.8 (q, J = 

32.0), 55.6, 54.5, 31.2, 28.3, 27.7, 22.5, 18.7, 14.0. 19F NMR (282 MHz, CDCl3) δ -75.2 (s, 3F). IR 

(thin film): νmax 3376, 2249, 1758, 1603 cm-1. LRMS (EI): m/z (%) 371 (M+), 312(100), 302. 

HRMS (EI) Calcd for C19H24F3NO3: 371.1708. Found: 371.1703. [α]24
D = -4.7 (c 2.3, CHCl3) for a 

95.9% ee sample. Enantiomeric purity was determined by chiral HPLC analysis (Sino-OJ, flow 

0.7mL/min, Hexane/i-PrOH = 98:2, 214 nm, tR = 7.447 min (minor) and tR = 8.877 min (major)): 

96.2% ee (before silica gel column chromatography), 95.9% ee (after silica gel column 

chromatography). 
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(R)-Methyl 2-(2-methoxyphenylamino)-2-(trifluoromethyl)-4-(trimethylsilyl)but-3-ynoate (3l). 

To a solution of ethynyltrimethylsilane (5.0 equiv) in anhydrous toluene (1.2 

mL) in a sealed tube was added Me2Zn (300 μL, 1.2 M in toluene) under Ar 

at room temperature. After stirring for 12h, BINOL type ligand 4h (6.5 mg, 5 

mol%) was added as a solid in one portion. The reaction mixture was stirred 

for 2.5 h at room temperature. α-Trifluoromethyl ketoimine ester 1a (0.3 

mmol) was then added as an oil with a microliter syringe. The reaction mixture was stirred at the 

same temperature for 48h. The reaction mixture was diluted with EtOAc (100mL) and washed 

quickly with 20mL 0.1wt% H2SO4. The aqueous layer was extracted with EtOAc. The combined 

organic extracts were dried over anhydrous sodium sulfate, and the solvent was removed in vacuo. 

The residue was purified using chromatography on silica gel (Petroleum ether/Ethyl acetate = 200:1) 

to give product 3l 91 mg (84% yield) as a colorless oil. 1H NMR (300 MHz, CDCl3) δ 7.11 (m, 1H), 

6.84 – 6.81 (m, 3H), 3.92 (s, 3H), 3.87 (s, 3H), 0.14 (s, 9H). 13C NMR (75 MHz, CDCl3) δ 165.7, 

148.4, 132.6, 122.8 (q, J = 288.0), 120.1(2), 116.3 (q, J = 1.7), 109.7, 96.5, 93.5, 63.2 (q, J = 32.2), 

55.6, 54.7, -0.8 (3). 19F NMR (282 MHz, CDCl3) δ -74.9 (s, 3F). IR (thin film): νmax 3376, 2178, 

1760, 1603 cm-1. LRMS (EI): m/z (%) 359 (M+), 300 (100), 73. HRMS (EI) Calcd for 

C16H20F3NO3Si: 359.1165. Found: 359.1166. [α]27
D = -25.0 (c 2.05, CHCl3) for a 97.7% ee sample. 

Enantiomeric purity was determined by chiral HPLC Enantiomeric purity was determined by chiral 

HPLC analysis (Sino-OJ, flow 0.7mL/min, Hexane/i-PrOH = 98:2, 214 nm, tR = 6.437 min (minor) 

and tR = 7.777 min (major)).  

 

(R)-Methyl 5-(tert-butyldimethylsilyloxy)-2-(2-methoxyphenylamino)-2-(trifluoromethyl)pent-3-ynoate 

(3m). To a solution of tert-butyldimethyl(prop-2-ynyloxy)silane (2.5 equiv) in 

anhydrous toluene (1.2 mL) was added Me2Zn (300 μL, 1.2 M in toluene) 

under Ar at room temperature. The reaction mixture was heated to 100 oC 

for 2h and cooled to room temperature. Then BINOL type ligand 4h (6.5 mg, 

5 mol%) was added as a solid in one portion. The reaction mixture was 

stirred for 2.5 h at room temperature. α-Trifluoromethyl ketoimine ester 1a (0.3 mmol) was then 

added as an oil with a microliter syringe. The reaction mixture was stirred at the same temperature 

for 48h.The reaction mixture was quenched with saturated NH4Cl, and diluted with EtOAc. The 
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aqueous layer was extracted with EtOAc. The combined organic extracts were dried over anhydrous 

sodium sulfate, and the solvent was removed in vacuo. The residue was purified using 

chromatography on silica gel (Petroleum ether/Ethyl acetate = 100:1) to give product 3m 121 mg, 

(93% yield) as a white solid. M.P. 86-89 oC; 1H NMR (300 MHz, CDCl3) δ 7.05 (m, 1H), 6.83 (m, 

3H), 4.34 (s, 2H), 3.90 (s, 3H), 3.87 (s, 3H), 0.88 (s, 9H), 0.07 (s, 6H). 13C NMR (75 MHz, CDCl3) 

δ 165.7, 148.2, 132.6, 122.8 (q, J = 288.1), 120.3, 120.0, 115.4 (q, J = 2.1), 109.8, 88.4, 74.3, 62.8 

(q, J = 32.0), 55.6, 54.6, 51.5, 25.6(3), 18.1, -5.45(2). 19F NMR (282 MHz, CDCl3) δ -74.8 (s, 3F). 

IR (thin film): νmax 3376, 2180, 1760, 1604 cm-1. LRMS (EI): m/z (%) 431 (M+), 372 (100), 218, 73. 

HRMS (EI) Calcd for C20H28F3NO4Si: 431.1740. Found: 431.1744. [α]24
D = -8.5 (c 1.8, CHCl3) for 

a 94.7% ee sample. Enantiomeric purity was determined by chiral HPLC analysis (Sino-OJ, flow 

0.7 mL/min, Hexane/i-PrOH = 98:2, 214 nm, tR = 6.018 min (minor) and tR = 8.318 min (major)). 

 

Gram-scale catalytic asymmetric synthesis of 3a and 3m 
 

(R)-Methyl 2-(2-methoxyphenylamino)-4-phenyl-2-(trifluoromethyl)but 

-3-ynoate (3a). To a solution of phenylacetylene (0.84 mL, 7.65 mmol, 1.7 equiv) 

in anhydrous toluene (18 mL) was added Me2Zn (4.5 mL, 5.4 mmol, 1.2 M in 

toluene) under Ar at room temperature. After stirring for 1h, BINOL type ligand 

4h (97.5 mg, 5 mol%) was added as a solid in one portion. The reaction mixture 

was stirred for 2.5 h at room temperature. α-Trifluoromethyl ketoimine ester 1a (1.18 g, 4.5 mmol) 

was then added as an oil with a microliter syringe. The reaction mixture was stirred at room 

temperature for 48h. The reaction mixture was quenched with saturated NH4Cl, and diluted with 

EtOAc. The aqueous layer was extracted with EtOAc. The combined organic extract was dried over 

anhydrous sodium sulfate, and the solvent was removed in vacuo. The residue was purified using 

chromatography on silica gel (Petroleum ether/Ethyl acetate = 100:1) to give product 3a (1.50g, 

92% yield, 97% ee) as a colorless oil. Enantiomeric purity was determined by chiral HPLC analysis 

(AD-H, flow 0.7mL/min, Hexane/i-PrOH = 98:2, 214 nm, tR = 7.127 min (major) and tR = 8.877 

min (minor)): 97% ee (after silica gel chromatography). 
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(R)-Ethyl 5-(tert-butyldimethylsilyloxy)-2-(2-methoxyphenylamino)-2-(trifluoromethyl)pent-3-ynoate (3m).  

To a solution of tert-butyldimethyl(prop-2-ynyloxy)silane (2.0 mL, 9.575 

mmol, 2.5 equiv) in anhydrous toluene (15 mL) was added Me2Zn (3.83 mL, 

4.6 mmol, 1.2 M in toluene) under Ar at room temperature. The reaction 

mixture was heated to 100 oC for 2 h and cooled to room temperature. Then 

BINOL type ligand 4h (83 mg, 5 mol%) was added as a solid in one portion. 

The reaction mixture was stirred for 2.5 h at room temperature. α-Trifluoromethyl ketoimine ester 

1a (1.0 g, 3.83 mmol) was then added as an oil with a microliter syringe. The reaction mixture was 

stirred at the same temperature for 48h. The reaction mixture was quenched with saturated NH4Cl, 

and diluted with EtOAc. The aqueous layer was extracted with EtOAc. The combined organic 

extract was dried over anhydrous sodium sulfate, and the solvent was removed in vacuo. The 

residue was purified using chromatography on silica gel (Petroleum ether/Ethyl acetate = 100:1) to 

give product 3m (1.54 g, 93% yield, 96% ee) as a colorless oil. Enantiomeric purity was determined 

by chiral HPLC analysis (Sino-OJ, flow 0.7 mL/min, Hexane/i-PrOH = 98:2, 214 nm, tR = 6.52 min 

(minor) and tR = 9.76 min (major)): 96% ee (after silica gel chromatography). 

 

Synthesis of compound 6. 

 

 

(R)-methyl 2-((2-methoxyphenyl)amino)-2-(trifluoromethyl)but-3-ynoate (5). To a solution of 

3l (650 mg, 1.8 mmol) in THF was added TBAF (1.0 M in THF, 2.2 mL, 2.2 mmol) immediately at 

0 oC. After stirring for 1 min, the reaction mixture was quenched with saturated aqueous NH4Cl. 

The reaction mixture was extracted with ethyl acetate, washed with brine, dried over anhydrous 

sodium sulfate, and the solvent was removed in vacuo. The residue was purified using 

chromatography on silica gel (Petroleum ether/Ethyl acetate = 100:1) to give alkyne 5 in 92% yield 

(475 mg) as an oil. 1H NMR (300 MHz, CDCl3) δ 7.06 (m, 1H), 6.85 (m, 3H), 5.62 (s, 1H), 3.93 (s, 

3H), 3.88 (s, 3H), 2.69 (s, 1H). 13C NMR (100 MHz, CDCl3) δ 165.3, 148.4, 132.4, 122.7 (q, J = 
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286.3), 120.3, 115.5, 109.9, 78.3, 73.4, 62.8 (q, J = 25.9), 55.6, 54.8. 19F NMR (282 MHz, CDCl3) δ 

-74.2 (s, 3F). IR (thin film): νmax 3382, 3283, 2127, 1760 cm-1. LRMS (EI): m/z (%) 287 (M+), 228 

(100), 144. HRMS (EI) Calcd for C13H12F3NO3: 287.0769. Found: 287.0770. [α]25
D = -9.1 (c 3.2, 

CHCl3).  

 

 

(R)-methyl 4-(benzo[d]thiazol-2-yl)-2-((2-methoxyphenyl)amino)-2-(trifluoromethyl)but-3 

-ynoate (6). To a mixture of 5 (178 mg, 0.62 mmol) and 2-iodobenzo[d]thiazole (162 mg, 0.62 

mmol) in THF (2 mL) was added (i-Pr)2NH (2 mL), followed by PdCl2(PPh3)2 (19 mg, 0.03 mmol) 

and CuI (2.4 mg, 0.012 mmol) at room temperature under N2. The reaction mixture was heated to 

45 oC and stirred for 5 h. The reaction mixture was cooled to room temperature and water was 

added. The reaction mixture was extracted with EtOAc, dried over Na2SO4, and concentrated. The 

residue was purified using chromatography on silica gel (Petroleum ether/Ethyl acetate = 30:1) to 

give alkyne 6 in 82% yield (214 mg) as a yellow solid. The solid was recrystallized with Petroleum 

ether/Ethyl acetate to give a white solid. M.P. 77-79 oC; 1H NMR (300 MHz, CDCl3) δ 8.08 (d, J = 

7.8 Hz, 1H), 7.86 (d, J = 8.1 Hz, 1H), 7.50 (m, 2H), 7.14 (m, 1H), 6.88 (m, 3H), 5.79 (br, 1H), 4.00 

(s, 3H), 3.90 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 164.8, 152.5, 148.6, 146.3, 135.3, 132.2, 126.9, 

126.8, 123.9, 122.6 (q, J = 289.3), 121.3, 120.7, 120.5, 115.8 (q, J = 2.0), 109.9, 85.3, 82.5, 63.6 (q, 

J = 31.9), 55.6, 55.1.19F NMR (282 MHz, CDCl3) δ -74.1 (s, 3F). IR (thin film): νmax 3356, 1764, 

1601 cm-1. LRMS (EI): m/z (%) 420 (M+), 361 (100), 362, 77. HRMS (EI) Calcd for 

C20H15F3N2O3S: 420.0755. Found: 420.0758. [α]26
D = 18 (c 2.0, CHCl3).  
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 (R)-Methyl 2-(2-methoxyphenylamino)-4-phenyl-2-(trifluoromethyl)butanoate (7’). To a 

solution of 3a (210 mg, 0.578 mmol) in MeOH (30 mL) was added Pd/C 10% (40 mg). The 

reaction mixture was stirred under H2 (1 atm) for 24 h. The reaction mixture was filtered through a 

silica gel pad, washed with CH2Cl2, and filtrate was concentrated. The residue was purified using 

chromatography on silica gel (Petroleum ether/Ethyl acetate = 100:1) to give hydrogenated product 

(209 mg, 98%) as a colorless oil. 1H NMR (300 MHz, CDCl3) δ 7.25 – 7.12 (m, 3H), 6.92 – 6.84 (m, 

6H), 3.91 (s, 3H), 3.85 (s, 3H), 2.75 – 2.64 (m, 1H), 2.55 – 2.23 (m, 3H). 13C NMR (100 MHz, 

CDCl3) δ169.0, 148.6, 140.1, 133.2, 128.4, 128.3, 126.2, 124.8 (q, J = 289.3), 120.7, 119.7, 115.3 (q, 

J = 3.7), 110.1, 67.5 (q, J = 28.0), 55.8, 53.7, 31.1, 29.3. 19F NMR (282 MHz, CDCl3) δ -73.3 (s, 

3F). IR (thin film): νmax 3371, 1750, 1603 cm-1. LRMS (EI): m/z (%) 367 (M+), 91 (100), 308. 

HRMS (EI) Calcd for C19H20F3NO3: 367.1395. Found: 367.1392. [α]29
D = 62 (c 0.50, CHCl3) for a 

98% ee sample. Enantiomeric purity was determinded by chiral HPLC analysis (Sino-AD, flow 0.5 

mL/min, Hexane/iPrOH = 98:2, 214 nm, tR = 9.127 min (minor) and tR = 10.477 min (major)). 

 

 
 

(R)-Methyl 2-amino-4-phenyl-2-(trifluoromethyl)butanoate (7). To a solution of Cerium(IV) 

Ammonium Nitrate (CAN, 396mg, 5.0 eqiv) in MeCN / H2O (6 mL, 1:1) at 0 oC was added a 

solution of  5’ (53 mg, 0.144 mmol, 1equiv, 98% ee) in MeCN (3 mL). The reaction mixture was 

stirred at 0 oC for 1h and quenched with saturated aqueous NaHSO3 (1 mL). The reaction mixture 

was extracted with EtOAc. The combined organic extract was washed with brine, dried over 

anhydrous sodium sulfate, and the solvent was removed in vacuo. The residue was purified using 

chromatography on Al2O3 (100% CH2Cl2) to give product 7 (29 mg, 76% yield) as a brown oil. 1H 
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NMR (300 MHz, CDCl3) δ 7.33 – 7.26 (m, 2H), 7.24 – 7.16 (m, 3H), 3.80 (s, 3H), 2.85 – 2.79 (m, 

1H), 2.57 – 2.34 (m, 2H), 1.99 (m, 1H), 1.90 (br, 2H). 13C NMR (75 MHz, CDCl3) δ 168.9, 140.2, 

128.4 (2), 128.3 (2), 126.2, 124.8 (q, J = 284.9), 64.6 (q, J = 27.1), 53.3, 34.4, 29.4.  19F NMR (282 

MHz, CDCl3) δ -78.3 (s, 3F). IR (thin film): νmax 3420, 3344, 1748, 1604 cm-1. LRMS (EI): m/z (%) 

261 (M+), 91 (100), 202. HRMS (EI) Calcd for C12H14F3NO2: 261.0977. Found: 261.0978. [α]29
D = 

-26.5 (c 0.493, CHCl3). Enantiomeric purity was determinded by chiral HPLC analysis (PC-2, flow 

0.7 mL/min, Hexane/iPrOH = 50:50, 214 nm, tR = 5.402 min (minor) and tR = 6.238 min (major)). 
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Methyl 3,3,3-trifluoro-2-(4-methoxyphenylimino)propanoate (1’) 
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(R)-Methyl 2-(2-methoxyphenylamino)-4-phenyl-2-(trifluoromethyl)but-3-ynoate (3a).  
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(R)-Methyl 2-(4-methoxyphenylamino)-4-phenyl-2-(trifluoromethyl)but-3-ynoate (3a’).  
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(R)-Methyl 2-(2-methoxyphenylamino)-4-(4-propylphenyl)-2-(trifluoromethyl)but-3-ynoate 

(3b).  
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(R)-Methyl 4-(4-methoxyphenyl)-2-(2-methoxyphenylamino)-2-(trifluoromethyl)but-3-ynoate (3c).  
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(R)-Methyl 4-(6-methoxynaphthalen-2-yl)-2-(2-methoxyphenylamino)-2-(trifluoromethyl)but-3-ynoate (3d). 
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(R)-Methyl 4-(3-chlorophenyl)-2-(2-methoxyphenylamino)-2-(trifluoromethyl)but-3-ynoate （3e）.  
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(R)-Ethyl 4-(4,4,4-trifluoro-3-(methoxycarbonyl)-3-(2-methoxyphenylamino)but-1-ynyl)benzoate (3f).  
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(R)-Methyl 4-cyclohexenyl-2-(2-methoxyphenylamino)-2-(trifluoromethyl)but-3-ynoate (3g).  
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after column chromatography 
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(R)-Methyl 4-cyclopropyl-2-(2-methoxyphenylamino)-2-(trifluoromethyl)but-3-ynoate (3h).  
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before column chramatography 

 after column chramatography 
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(R)-Methyl 2-(2-methoxyphenylamino)-5,5-dimethyl-2-(trifluoromethyl)hex-3-ynoate (3i).  
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(R)-Methyl 2-(2-methoxyphenylamino)-6-phenyl-2-(trifluoromethyl)hex-3-ynoate (3j).  
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(R)-Methyl 2-(2-methoxyphenylamino)-2-(trifluoromethyl)dec-3-ynoate (3k).  
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(S)-Methyl 2-(2-methoxyphenylamino)-2-(trifluoromethyl)-4-(trimethylsilyl)but-3-ynoate (3l).  
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Chiral HPLC Analysis of 3l 

 

 

after column chramatography 
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(R)-Methyl 5-(tert-butyldimethylsilyloxy)-2-(2-methoxyphenylamino)-2-(trifluoromethyl)pent-3-ynoate 

(3m).  
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Chiral HPLC Analysis of 3m 
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(R)-methyl 2-((2-methoxyphenyl)amino)-2-(trifluoromethyl)but-3-ynoate (5). 
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(R)-methyl 4-(benzo[d]thiazol-2-yl)-2-((2-methoxyphenyl)amino)-2-(trifluoromethyl)but-3 

-ynoate (6). 
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 (R)-Methyl 2-(2-methoxyphenylamino)-4-phenyl-2-(trifluoromethyl)butanoate (7’).  
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Chiral HPLC Analysis of 7’ 
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(R)-Methyl 2-amino-4-phenyl-2-(trifluoromethyl)butanoate (7). 
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