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1. General Information

1H NMR and 13C NMR were recorded on a 400MHz Nuclear Magnetic Resonance Spectrometer 

(1H NMR: 400MHz, 13C NMR: 100MHz) using TMS as internal reference. The chemical shifts (δ) 

and coupling constants (J) were expressed in ppm and Hz, respectively. UV-Vis Spectrophotometry 

was carried out on infrared spectrometer. HPLC analysis was carried out on HPLC with a multiple 

wavelength detector by commercial chiral columns. Optical rotations were measured on a Polarimeter. 

HRMS (ESI) were recorded on a Q-TOF Premier. Commercially available compounds were used 

without further purification. Solvents were purified according to the standard procedures unless 

otherwise noted.

L2 and L3 were synthetized according to literature as show in S241. Substrates of 2 were synthetized 

according to literature as show in S242.

2. General procedure for the preparation of L

a) Preparation for ligand L1, L4, L5

4-bromo-2-(trifluoromethyl)phenol (60 mmol) was added to a oven dried Schlenck flask under 

nitrogen. Then anhydrous THF (100 mL) and DMF (10 mL) was added as solvent. The solution was 

cooled to 0°C and NaH (90 mmol) was added, the resulting solution was kept at this temperature for 1 

h, then benzyl bromide was (65 mmol) was added slowly, the cooling bath was removed, allowing the 

reaction mixture to warm up to room temperature overnight. Finally, the reaction mixture was 

quenched with water (10 mL) and extracted with Et2O (3 × 50 mL), the organic layers were combined 

and dried over anhydrous Na2SO4 and concentrated in vacuo. The crude product G-1 was obtained as 

a colorless oil and used for the next step without purification.

To a round bottom flask was added magnesium strips (70.0 mmol), one small crystal of iodine, and 

1-(benzyloxy)-4-bromo-2-(trifluoromethyl)benzene (G-1) (5 mmol) in dry THF (15 mL). The reaction 

mixture was stirred at reflux to start the reaction. A solution of 1-(benzyloxy)-4-bromo-2-

(trifluoromethyl)benzene (G-1) (55 mmol) in dry THF (50 ml) was added dropwise over 30 min. After 

addition, the reaction mixture was continued to stirring at reflux for 1.0 hours and cooled to room 

temperature. Then a solution of long-chain aldehyde (55 mmol) in dry THF (30 ml) was added 

dropwise to the Grignard reagent at room temperature over 30 min. The resulting mixture was further 

stirred overnight and was then quenched with saturated aqueous solution of NH4Cl. The product was 

extracted with ethyl acetate and the combined organic phase was dried over Na2SO4. The solvent was 

evaporated under reduced pressure and the crude product G-2 was used for next step without 

purification.
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The alcohol product G-2 obtained was dissolved in toluene (100 mL), and p-toluenesulfonic acid 

(catalytic amount) was added and the solution was heated to 90-100°C until the alcohol disappeared 

from TLC analysis. The reaction was then cooled to room temperature and quenched by saturated 

ammonium chloride solution, extracted by ether (100 mL × 3), dried over MgSO4. Then, the reaction 

was filtered, concentrated in vacuo to give the alkene crude product G-3.

The crude alkene product was dissolved in ethyl alcohol (80 mL), Pd/C (5%) was added, and the 

solution was then purged with hydrogen balloon for 15 minutes and then went overnight under 

hydrogen balloon. Then, the reaction was filtered over a short path of celite, concentrated in vacuo, 

and the crude mixture was purified by flash column chromatography (hexane) to afford product G-4.

Sodium hydride (2.80 g of a 60% dispersion in mineral oil, 70 mmol) was washed with hexane and 

transferred to a 2-neck 250 mL round bottom flask under an atmosphere of N2. After addition of 

anhydrous THF (50 mL) the slurry was cooled with stirring to 0˚C. To the resulting grey suspension 
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was added dropwise a solution of G-4 in anhydrous THF (25 mL) at such a rate that the evolution of 

hydrogen did not become too vigorous. After complete addition the ice bath was removed and the 

brown reaction mixture stirred for 1 hour. Chloromethylmethyl ether (5.5 mL, 70 mmol) was added 

dropwise and the resulting white suspension stirred overnight. Ice/water (100 mL) was added 

cautiously and the mixture extracted with Et2O (3 × 100 mL). The combined Et2O extracts were 

washed with NaOH (2M, 50 mL), HCl (2M, 50 mL), and brine (50 mL). The solution was dried over 

MgSO4 and the solvent was removed in vacuo to yield a colourless liquid. To a solution of the 

colourless liquid in anhydrous THF (100 mL) at -78˚C under an atmosphere of N2 was added n-

butyllithium (24.0 mL of a 2.5 M solution, 60 mmol) dropwise with stirring. After an additional hour 

stirring at this temperature, a solution of anhydrous DMF (5.5 mL, 70 mmol) in anhydrous THF (10 

mL) was added to the mixture and the resulting solution was allowed to warm to room temperature 

and stirred overnight. The yellow solution was hydrolysed by the addition of water (150 mL) and the 

mixture extracted with Et2O (3 × 150 mL). The combined Et2O extracts were then washed with 2M 

HCl (100 mL) and brine (100 mL), dried over MgSO4 and the solvent was removed in vacuo to yield 

the corresponding aldehyde. Corresponding aldehyde was dissolved in THF (100 mL) and 

concentrated HCl (10 mL) was added. The mixture was heated to 50°C for 4 hours, at which stage 

TLC analysis (silica, CH2Cl2) indicated the complete disappearance of starting material. The mixture 

extracted with Et2O (3 × 50 mL). The combined Et2O extracts were then washed with brine (100 mL), 

dried over MgSO4 and the solvent was removed in vacuo to yield the crude salicylaldehyde derivative 

G-5.

To a solution of chiral amino alcohol (2 mmol) in methanol (10 mL) was added corresponding 

salicylaldehyde derivative (2 mmol). The solution was stirred for 2 h at room temperature then the 

solvent was removed under reduced pressure. The residue was purified by silica gel column 

chromatography (CH2Cl2/MeOH = 5/1 as eluent) to give the corresponding Schiff base ligand L1, L4, 

L5.

b) Preparation for ligand L2

To a round bottom flask was added magnesium strips (0.36 g, 15 mmol), one small crystal of iodine, 

and 4-bromo-N, N-dimethylbenzylamine in dry THF (25 mL). The reaction mixture was stirred at 

reflux to start the reaction. A solution of 4-bromo-N, N-dimethylbenzylamine (3.20 g, 15 mmol) in dry 

THF (5 ml) was added dropwise over 30 min. After addition, the reaction mixture was continued to 

stirring at reflux for 2 hours and cooled to room temperature. Then a solution of methyl (tert-

butoxycarbonyl)-L-phenylalaninate (1.40 g, 5 mmol) in dry THF (5 ml) was added dropwise to the 

Grignard reagent at room temperature over 30 min. The resulting mixture was further stirred overnight 

and was then quenched with saturated aqueous solution of NH4Cl. The product was extracted with 
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ethyl acetate and the combined organic phase was dried over Na2SO4. The solvent was evaporated 

under reduced pressure and the crude product was used for next step without purification.

The crude product in CH2Cl2 (15 mL) was added 2,2,2-Trifluoroacetic acid (10 mL), then the 

reaction mixture was stirred at room temperature for 5h and concentrated under reduced pressure. To 

the residue was added aqueous HCl (2 M, 5.0 mL) and the mixture was extracted with ethyl acetate (3 

x 5 mL). The aqueous layer was basified with aqueous buffer solution of NH3 (1 M)/NH4Cl (1 M) and 

extracted with dichloromethane (3 x 10 mL). The combined organic phases were dried over anhydrous 

sodium sulfate and concentrated under reduced pressure, the crude product was purified by column 

chromatography (CH2Cl2/MeOH/NEt3 = 100:10:1) to give product 

To a solution of chiral amino alcohol (2 mmol) in methanol (10 mL) was added salicylaldehyde 

derivative (2 mmol). The solution was stirred for 2 h at room temperature then the solvent was removed 

under reduced pressure. The residue was purified by silica gel column chromatography 

(CH2Cl2/MeOH = 5/1 as eluent) to give the corresponding Schiff base ligand L2 quantitatively as 

yellow foam.

c) Preparation for ligand L3

To a round bottom flask was added magnesium strips (0.36 g, 15 mmol), one small crystal of iodine, 

and 2-(4-bromophenyl)-N, N-dimethylethan-1-amine in dry THF (25 mL). The reaction mixture was 

stirred at reflux to start the reaction. A solution of 2-(4-bromophenyl)-N, N-dimethylethan-1-amine 

(3.41 g, 15 mmol) in dry THF (5 ml) was added dropwise over 30 min. After addition, the reaction 

mixture was continued to stirring at reflux for 2 hours and cooled to room temperature. Then a solution 

of methyl (tert-butoxycarbonyl)-L-phenylalaninate (1.40 g, 5 mmol) in dry THF (5 ml) was added 

dropwise to the Grignard reagent at room temperature over 30 min. The resulting mixture was further 

stirred overnight and was then quenched with saturated aqueous solution of NH4Cl. The product was 

extracted with ethyl acetate and the combined organic phase was dried over Na2SO4. The solvent was 

evaporated under reduced pressure and the crude product was purified by silica gel column 

chromatography (CH2Cl2/MeOH/NEt3 = 100:10:1) to give tert-butyl (1, 1-bis(4-(2-

(dimethylamino)ethyl)phenyl)-1-hydroxy-3-phenylpropan-2-yl)carbamate as a colorless oil (2.37g, 

87% yield). The product in CH2Cl2 (15 mL) was added 2,2,2-Trifluoroacetic acid (10 mL), then the 

reaction mixture was stirred at room temperature for 5 h and concentrated under reduced pressure. To 

the residue was added aqueous HCl (2 M, 5.0 mL) and the mixture was extracted with ethyl acetate (3 

x 5 mL). The aqueous layer was basified with aqueous buffer solution of NH3 (1 M)/NH4Cl (1 M) and 

extracted with dichloromethane (3 x 10 mL). The combined organic phases were dried over anhydrous 

sodium sulfate and concentrated under reduced pressure, the crude product was used for next step 

without purification.
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To a solution of chiral amino alcohol (2 mmol) in methanol (10 mL) was added salicylaldehyde 

derivative (2 mmol). The solution was stirred for 2 h at room temperature then the solvent was removed 

under reduced pressure. The residue was purified by silica gel column chromatography 

(CH2Cl2/MeOH = 5/1 as eluent) to give the corresponding Schiff base ligand L3 quantitatively as 

yellow foam.

3. General procedure for the reaction

A mixture of L4 (0.02 mmol, 14.6 mg), Zn(NO3)2 (0.02 mmol, 3.7 mg) in water (1.0 mL) was stirred 

for 1 h at ambient atmosphere. CHCl3 (50 μL) as the oil phase of emulsion was then added to generate 

the emulsified system. 2-Enoylpyridine 1-oxides and indoles were added to the emulsion and kept at 

25 °C for 24 h and the organic phase was separated after demulsification by adding a small amount of 

dilute hydrochloric acid (1 M, 0.4 mL), the resulting solution was concentrated under reduced pressure, 

the residue was purified by column chromatograph to afford Michael adducts.

4. Mechanism study

(1) TEM and SEM analyses
1) Preparation of samples

Catalyst: L4 (7.2 mg, 0.01 mmol) and Zn(NO3)2 (3.6 mg 0.01 mmol) were dissolved in 1 mL of H2O. 

The mixture was stirred at 25°C for 1 h. CHCl3 (50 μL) as the oil phase of emulsion was then added 

to generate the emulsified system. The mixture was stirred at 25°C for 1 h.

Reaction mixture: After preparing the catalyst, indole (11.7 mg 0.1 mmol) and 2-Enoylpyridine 1-

oxide (22.5 mg 0.1 mmol) were added to the solution. Then the solution was stirred at 25°C for 1 h.

A drop of the colloidal aqueous suspensions was deposited on a carbon-coated copper grid. Then 

the excess solution was immediately removed with the help of filter paper. The grid was dried in air 

and then observed by TEM and SEM.

2) SEM analyses (Fig S1)

a b

Fig S1a.  Metallomicelles of precatalyst (Zn-L4);   Fig S1b.  Metallomicelles of reaction mixture
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3). TEM analyses (Fig S2)

a b c

Fig S2.   Metallomicelles of reaction mixture

(2) XPS analyses
a) Preparation of samples

Sample 1: Zn (NO3)2.

Sample 2: the pre-catalyst was prepared by mixing L4 (0.02 mmol) and Zn (NO3)2 (0.02 mmol) in 

water only and stirred for two hours at ambient atmosphere, then evaporated in vacuum.

Sample 3: the pre-catalyst was prepared by mixing L4 (0.02 mmol) and Zn (NO3)2 (0.02 mmol) in 

water (1 ml) and stirred for one hour at ambient atmosphere. CHCl3 (50 μL) as the oil phase of emulsion 

was then added to generate the emulsified system. The water of the metallomicellar catalytic 

system was removed by anhydrous MgSO4. The oil phase was separated, evaporated in vacuum 

to obtain the precatalyst.

Sample 4: the pre-catalyst was prepared by mixing L4 (0.02 mmol) and Zn (NO3)2 (0.02 mmol) in 

CHCl3 only and stirred for two hours at ambient atmosphere, then evaporated in vacuum.

The spectra of the XPS was as showed in Fig S3. The results showed that the binding energy of the 

Zn 2P of the precatalyst was decreased compared to that of Zn(NO3)2, which indicated that electronic 

density of the Zn2+ was increased. This increasement should come from the coordination with the 

oxygen of the L4.

b) Spectra of XPS (Fig S3).
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Fig S3   Analyses of XPS

(3) The detection of 1H NMR to confirm the formation of two ammonium salts

The micellar catalytic system was prepared by mixing ligand 4 (0.02 mmol) and Zn(NO3)2 (0.02 

mmol) in water (1 mL) and stirred for one hour at ambient atmosphere. CDCl3 (50 μL) as the oil phase 

of emulsion was then added to generate the emulsified system. The water of the metallomicellar 

catalytic system was removed by anhydrous MgSO4. The oil phase was separated, evaporated 

in vacuum to obtain the precatalyst, which was characterized by 1H NMR.
1H NMR response of the precatalyst and ligand 4 was listed in Fig S4. It was found that chemical 

shifts of the methyl groups attached to the N presented in lower field compared to that of L4, which 

can be ascribed to the electron-withdrawing effect of the generated ammonium salts.

Zn 2p

3

1

2

4
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Fig S4   1H NMR of the precatalyst (Zn-L4)

(4) The detection of IR to confirm the formation of the ammonium salts

The test of IR to confirm the formation of ammonium salts was shown in Fig S5. The infra-red 

absorption peak of ammonium salt group could be observed at 1250-1450 cm-1 through comparative 

analyses of the difference between tertiary amine G-6 and the corresponding nitrate G-7. As to the test 

of a similar catalytic system (L2+Zn(NO3)2), a strong absorption peak was found at the same 

wavelength range, that directly revealed the formation of ammonium salts.

N
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L4 + Zn(NO3)2: 1H NMR (400 HZ, CDCl3)
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N
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Fig S5   IR test of the formation of two ammonium salts

(5) The pH detection

1. General procedure for the pH analyse

(a) Zinc salt (0.01 mmol) was dissolved in 1 mL of H2O, and the obtained aqueous solution was directly 

tested by Portable pH meter (Model: S2-Meter, Manufacturer: Mettler-Toledo).

(b) Zinc salt (0.01 mmol) and L4 (0.01 mmol) was dissolved in 1 mL of H2O. The mixture was stirred 

at 25°C for 1 h and the obtained aqueous solution was directly tested by Portable pH meter (Model: 

S2-Meter, Manufacturer: Mettler-Toledo).

(c) Zinc salt (0.01 mmol) and L4 (0.01 mmol) was dissolved in 1 mL of H2O. The mixture was stirred 

at 25°C for 1 h. CHCl3 (50 μL) as the oil phase of emulsion was then added to generate the emulsified 

system. The mixture was stirred at 25°C for 1 h and the obtained emulsion was directly tested by 

Portable pH meter (Model: S2-Meter, Manufacturer: Mettler-Toledo).

2. Results of the pH test

(a) (b) (c)

Zn(NO3)2 5.45 6.10 5.43

ZnF2 5.68 6.32 5.51

ZnCl2 5.69 6.14 5.54

ZnBr2 5.40 6.15 5.64

ZnSO4 5.56 6.13 5.62

OH
N

Bn OH

NMe2

NMe2

CF3

OH
N

Bn OH

NMe2

NMe2

CF3

Zn(NO3)2+

Zinc salt
Procedure

pH



S-11

5．Experimental data of the reaction

OH
CF3

4-octyl-2-(trifluoromethyl) phenol

87% yield over four steps. 1H NMR (400 MHz, CDCl3) δ 7.29 (s, 1H), 7.23-7.19 (d, J = 8.4 Hz, 1H), 
6.91-6.83 (d, J = 8.4 Hz, 1H), 5.43 (s, 1H), 2.56 (t, J = 7.6 Hz, 2H), 1.70-1.51(m, 2H), 1.40-1.15 (m, 
10H), 0.88 (t, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 151.4, 135.3, 133.4, 128.4-120.2 (q, J 
= 270.5 Hz ), 126.3, 117.6, 116.5-115.6 (q, J = 29.7 Hz ), 34.9, 31.9, 31.5, 29.4, 29.24, 29.16, 22.7, 
14.1; 19F NMR (376 MHz, CDCl3) δ -60.7; HRMS (ESI) m/z calcd for C15H22F3O [M+H]+ 275.1623, 
found 275.1628.

OH
CF3

4-dodecyl-2-(trifluoromethyl) phenol

85% yield over four steps. 1H NMR (400 MHz, CDCl3) δ 7.29 (s, 1H), 7.24-7.18 (d, J = 8.4 Hz, 1H), 
6.90-6.83 (d, J = 8.4 Hz, 1H), 5.31 (s, 1H), 2.56 (t, J = 7.6 Hz, 2H), 1.70-1.51(m, 2H), 1.40-1.20 (m, 
18H), 0.88 (t, J = 7.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 151.3, 135.4, 133.4, 128.4-120.2 (q, J 
= 270.5 Hz ), 126.3, 117.6, 116.5-115.6 (q, J = 29.7 Hz ), 34.9, 31.9, 31.5, 29.68, 29.66, 29.6, 29.5, 
29.4, 29.2, 22.7, 14.1; 19F NMR (376 MHz, CDCl3) δ -60.6; HRMS (ESI) m/z calcd for C19H30F3O 
[M+H]+ 331.2249, found 331.2235.

N
OH

NMe2

NMe2

OH

CF3

(S, E)-2-(((1,1-bis(4-((dimethylamino)methyl)phenyl)-1-hydroxy-3-phenylpropan-2-yl)imino)

methyl)-4-dodecyl-6-(trifluoromethyl)phenol (L1)
1H NMR (400 MHz, CDCl3): δ 13.55 (br, 1H), 7.61-7.30 (m, 8H), 7.20-7.10 (m, 5H), 7.00-6.94 (m, 

2H), 6.80-6.70 (m, 1H), 4.35-4.29 (m, 1H), 3.50-3.24 (m, 4H), 3.04-2.80 (m, 3H), 2.46-2.41 (m, 2H), 
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2.27 (s, 6H), 2.11 (s, 6H), 1.53-1.46 (m, 2H), 1.26 (s, 18H), 0.88 (t, J = 6.9 Hz, 3H); 13C NMR (100 

MHz, CDCl3): δ 165.9, 157.4, 144.1, 142.8, 138.8, 137.7, 137.4, 134.5, 132.0, 129.7, 129.3, 129.2, 

128.4, 127.7, 126.4, 126.0, 125.9, 125.0-122.3 (q, J = 270.9 Hz), 118.8, 117.6-117.0 (q, J = 30.3 Hz), 

79.7, 78.9, 63.9, 63.8, 45.4, 45.2, 37.3, 34.6, 31.9, 31.4, 29.7, 29.65, 29.57, 29.44, 29.36, 29.1, 22.7, 

14.1; 19F NMR (376 MHz, CDCl3) δ -62.4; [α]D
25 -66.8 (c 1.0, CHCl3); HRMS (ESI) m/z calcd for 

C47H63F3N3O2 [M+H]+ 758.4872, found 758.4878.

N
OH

NMe2

NMe2

OH

CF3

(S,E)-2-(((1,1-bis(4-((dimethylamino)methyl)phenyl)-1-hydroxy-3-phenylpropan-2-

yl)imino)methyl)-6-(trifluoromethyl)phenol (L2)
1H NMR (400 MHz, CDCl3): δ 13.91 (br, 1 H), 7.64-7.30 (m, 8 H), 7.20-7.11 (m, 5 H), 7.00-6.94 (m, 

3 H), 6.80-6.70 (m, 1 H), 4.35-4.31 (m, 1 H), 3.51-3.22 (m, 4 H), 3.10-3.01 (m, 2 H), 2.91-2.79 (m, 1 

H), 2.24 (s, 6 H), 2.11 (s, 6 H); 13C NMR (100 MHz, CDCl3): δ 165.8, 160.0, 144.0, 142.7, 138.7, 

137.7, 137.4, 135.1, 129.9, 129.7, 129.3, 129.2, 128.5, 126.5, 126.0, 125.9, 124.9-122.2 (q, J = 270.0 

Hz), 118.8, 118.4-117.5 (q, J = 30.0 Hz), 117.3, 79.6, 78.7, 63.9, 63.7, 45.4, 45.2, 37.2; 19F NMR (376 

MHz, CDCl3) δ -62.6.

N
OH

OH

CF3

Me2N

NMe2

(S,E)-2-(((1,1-bis(4-(2-(dimethylamino)ethyl)phenyl)-1-hydroxy-3-phenylpropan-2-

yl)imino)methyl)-6-(trifluoromethyl)phenol (L3)
1H NMR (400 MHz, CDCl3): δ 7.54-7.50 (m, 4 H), 7.40-7.31 (m, 2 H), 7.25-7.00 (m, 8 H), 7.05-6.91 

(m, 3 H), 6.81-6.70 (m, 1 H), 4.31 (d, J = 8.9 Hz, 1 H), 3.38 (br, 1 H), 3.08-3.01 (d, J = 13.0 Hz, 1 H), 

2.88-2.72 (m, 4 H), 2.71-2.64 (m, 2 H), 2.62-2.51 (m, 2 H), 2.50-2.41 (m, 2 H), 2.30 (s, 6 H), 2.23 (s, 
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6 H); 13C NMR (100 MHz, CDCl3): δ 165.6, 160.5, 142.9, 141.8, 139.0, 138.9, 138.7, 135.2, 130.0, 

129.7, 128.8, 128.6, 128.4, 126.5, 126.3, 126.1, 125.0-122.3 (q, J = 270.9 Hz), 118.8, 118.2-117.9 (q, 

J = 30.4 Hz), 117.1, 79.4, 78.5, 61.2, 61.1, 45.3, 45.2, 37.3, 33.7, 33.5; 19F NMR (376 MHz, CDCl3) 

δ -62.6.

N
OH

OH

CF3

Me2N

NMe2

(S, E)-2-(((1,1-bis(4-(2-(dimethylamino)ethyl)phenyl)-1-hydroxy-3-phenylpropan-2-yl)imino)

methyl)-4-octyl-6-(trifluoromethyl)phenol (L4)
1H NMR (400 MHz, CDCl3): δ 13.63 (br, 1 H), 7.53-7.33 (m, 6 H), 7.25-7.00 (m, 7 H), 7.00-6.90 (m, 

2 H), 6.80-6.78 (m, 1 H), 4.35-4.27 (m, 1 H), 3.27-3.00 (m, 2 H), 2.90-2.70 (m, 3 H), 2.69-2.63 (m, 2 

H), 2.55-2.40 (m, 6 H),2.29 (s, 6 H), 2.22 (s, 6 H), 1.52-1.46 (m, 2 H), 1.26 (s, 10 H), 0.88 (t, J = 6.9 

Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 165.7, 157.7, 143.0, 141.9, 139.1, 139.0, 138.9, 134.6, 131.9, 

129.7, 129.0, 128.7, 128.6, 128.4, 126.4, 126.3, 126.1, 125.1-122.4 (q, J = 271.0 Hz), 118.8, 117.9-

117.3 (q, J = 30.0 Hz), 79.5, 78.8, 61.4, 61.2, 45.42, 45.36, 37.4, 34.7, 33.8, 33.7, 31.9, 31.4, 29.4, 

29.2, 29.1, 22.7, 14.1; 19F NMR (376 MHz, CDCl3) δ -62.3; [α]D
25 -88.6 (c 1.0, CHCl3); HRMS (ESI) 

m/z calcd for C45H59F3N3O2 [M+H]+ 730.4559, found 730.4551.

N
OH

OH

CF3

Me2N

NMe2
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(S, E)-2-(((1,1-bis(4-(2-(dimethylamino)ethyl)phenyl)-1-hydroxy-3-phenylpropan-2-yl)imino)

methyl)-4-dodecyl-6-(trifluoromethyl)phenol (L5)
1H NMR (400 MHz, CDCl3): δ 13.59 (br, 1 H), 7.53-7.30 (m, 6 H), 7.23-7.00 (m, 7 H), 6.98-6.90 (m, 

2 H), 6.80-6.78 (m, 1 H), 4.35-4.27 (m, 1 H), 3.10-2.90 (m, 2 H), 2.86-2.70 (m, 3 H), 2.69-2.65 (m, 2 

H), 2.55-2.40 (m, 6 H),2.30 (s, 6 H), 2.23 (s, 6 H), 1.52-1.47 (m, 2 H), 1.26 (s, 18 H), 0.88 (t, J = 6.6 

Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 165.8, 157.5, 143.0, 141.8, 139.1, 139.0, 138.9, 134.5, 132.0, 

129.7, 128.7, 128.6, 128.4, 126.4, 126.2, 126.0, 125.0-122.3 (q, J = 270.9 Hz), 118.8, 117.9-117.3 (q, 

J = 30.6 Hz), 79.5, 78.8, 61.3, 61.2, 45.42, 45.36, 37.4, 34.6, 33.8, 33.7, 31.9, 31.4, 29.66, 29.65, 29.58, 

29.43, 29.35, 29.1, 22.7, 14.1; 19F NMR (376 MHz, CDCl3) δ -62.4; [α]D
25 -73.8 (c 1.0, CHCl3); HRMS 

(ESI) m/z calcd for C49H67F3N3O2 [M+H]+ 786.5185, found 786.5192.

N
OH

OH

CF3

(S, E)-4-dodecyl-2-(((1-hydroxy-1,1,3-triphenylpropan-2-yl)imino)methyl)-6-(trifluoromethyl)
phenol (L6)
1H NMR (400 MHz, CDCl3): δ 13.53 (br, 1 H), 7.65-7.32 (m, 8 H), 7.30-7.09 (m, 6 H), 6.97-6.94 (m, 

2 H), 6.79 (s, 1 H), 4.37-4.32 (m, 1 H), 3.04-3.00 (m, 1 H), 2.90-2.82 (m, 2 H), 2.48-2.42 (m, 2 H), 

1.50 (s, 2 H), 1.26 (s, 18 H), 0.88 (t, J = 6.6 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 166.0, 157.4, 

145.3, 144.0, 138.8, 134.6, 132.1, 129.8, 128.6, 128.4, 127.2, 127.1, 126.4, 126.1, 126.0, 125.0, 122.3, 

118.7, 117.6, 117.3 79.7, 78.7, 37.3, 34.6, 32.0, 31.4, 29.7, 29.67, 29.6, 29.5, 29.4, 29.1, 22.7, 14.2; 
19F NMR (376 MHz, CDCl3) δ -62.4; [α]D

25 -116.6 (c 1.0, CHCl3); HRMS (ESI) m/z calcd for 

C41H48F3NO2 [M+H]+ 644.3715, found 644.3701.



S-15

N
O

N

N

OH

CF3

TMS

(S, E)-2-(((1,1-bis(4-(2-(dimethylamino)ethyl)phenyl)-3-phenyl-1-((trimethylsilyl)oxy)propan-2-
yl)imino)methyl)-4-octyl-6-(trifluoromethyl)phenol (L7)
1H NMR (400 MHz, CDCl3) δ 13.59 (br, 1 H), 7.72 (s, 1H), 7.54-7.52 (2H), 7.47-7.11 (m, 10H), 6.99-

6.96 (2H), 6.91 (s, 1H), 4.23- 4.19 (d, 1H), 3.38-3.33 (2H), 2.93-2.83 (m, 4H), 2.71-2.66 (m, 4H), 

2.66-2.52 (t, 2H), 2.40-2.38 (12H), 1.52 (2H), 1.27 (10 H), 0.90-0.86 (3H), -0.18 (9H). 13C NMR (100 

MHz, CDCl3) δ 164.8, 140.4, 140.2, 139.1, 139.0, 134.4, 131.4, 130.8, 129.5, 129.3, 129.1, 128.2, 

127.8, 126.1, 118.8, 82.4, 61.0, 60.9, 45.1, 44.9, 37.8, 34.5, 33.4, 33.3, 31.7, 31.3, 29.3, 29.1, 29.0, 

22.5, 13.9, 1.7; 19F NMR (376 MHz, CDCl3) δ -62.3; HRMS (ESI) m/z calcd for C48H66F3N3O2Si 

[M+H]+ 802.4955, found 802.4961.

N
H

O N
O

(R)-2-(3-(1H-indol-3-yl)-3-phenylpropanoyl)pyridine 1-oxide (4a)
The title compound was prepared according to the general working procedure and purified by column 

chromatography to give the product as a white solid in 90% yield. [α]D
25 = 19.2 (c = 1.0, THF, 94% 

ee). HPLC on Chiralpak AD-H column, hexane/2-propanol = 80:20, flow rate 1.0 mL/min,254 nm; tR 

= 26.50 min (major) and 31.25 min (minor); 1H NMR(400 MHz, CDCl3) δ 8.29-8.01 (m, 2H), 7.50-

7.35 (m, 1H), 7.32-7.18 (m, 6H), 7.15-6.90 (m, 6H), 4.93 (t, J = 7.6 Hz, 1H), 4.11-4.05 (dd, J = 16.8, 

7.2 Hz, 1H), 3.99-3.93 (dd, J = 16.4, 7.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 197.1, 147.1, 143.9, 

140.1, 136.5, 128.4, 127.9, 127.5, 126.7, 126.5, 126.4, 125.7, 122.1, 121.6, 119.5, 119.4, 118.7, 111.1, 

49.1, 38.6.



S-16

N
H

O N
OF

(R)-2-(3-(4-fluorophenyl)-3-(1H-indol-3-yl)propanoyl)pyridine 1-oxide (4b)

The title compound was prepared according to the general working procedure and purified by column 

chromatography to give the product as a white solid in 95% yield. [α]D
25 = 11.7 (c = 1.0, in THF, 91% 

ee). HPLC on Chiralpak AD-H column, hexane/2-propanol = 80:20, flow rate 1.0 mL/min, 254 nm; tR 

= 25.15 min (major) and 32.66 min (minor); 1H NMR (400 MHz, CDCl3) δ 8.29-8.08 (m, 2H), 7.41-

7.32 (m, 1H), 7.30-7.18 (m, 5H), 7.15-7.01 (m, 3H), 7.01-6.90 (m, 1H), 6.90-6.80 (m, 2H), 4.93 (t, J 

= 7.6 Hz, 1H), 4.09-4.03 (dd, J = 16.8, 7.6 Hz, 1H), 3.99-3.92 (dd, J = 16.8, 8.0 Hz, 1H). 13C NMR 

(100 MHz, CDCl3) δ 196.7, 162.6-160.2 (d, J = 242.7 Hz), 146.9, 140.2, 139.7-139.6 (d, J = 3.2 Hz), 

136.6, 129.4-129.3 (d, J = 7.9Hz), 127.7, 126.7, 126.5, 125.7, 122.2, 121.6, 119.44-119.37 (d, J = 6.2 

Hz), 118.6, 115.2, 115.0, 111.1, 49.2, 37.7; 19F NMR (376 MHz, CDCl3) δ -113.7.

N
H

O N
OCl

(R)-2-(3-(4-chlorophenyl)-3-(1H-indol-3-yl)propanoyl)pyridine 1-oxide (4c)

The title compound was prepared according to the general working procedure and purified by column 

chromatography to give the product as a white solid in 94% yield. [α]D
25 = 17.9 (c=1.0, THF, 97% ee). 

HPLC on Daicel Chiralpak AD-H column, n-hexane/2-propanol = 80:20, flow rate 1.0 mL/min, 254 

nm; tR = 26.97 min (major) and 36.95 min(minor); 1H NMR (400 MHz, CDCl3) δ 8.21-8.11 (m, 2H), 

7.32-7.18 (m, 1H), 7.22-6.95 (m, 10 H), 6.95-6.80 (m, 1H), 4.85 (t, J = 7.6 Hz, 1H), 4.02-3.96 (dd, J 

= 16.8, 7.6 Hz, 1H), 3.92-3.85 (dd, J = 16.4, 8.0 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 195.5, 145.8, 

141.5, 139.2, 135.5, 130.9, 128.3, 127.4, 126.7, 125.7, 125.4, 124.7, 121.2, 120.6, 118.4, 118.3, 117.2, 

110.1, 47.9, 36.7.



S-17

N
H

O N
OBr

(R)-2-(3-(4-bromophenyl)-3-(1H-indol-3-yl)propanoyl)pyridine 1-oxide (4d)

The title compound was prepared according to the general working procedure and purified by column 

chromatography to give the product as a white solid in 95% yield. [α]D
25 = 16.1 (c = 1.0, THF, 97% 

ee). HPLC on Chiralpak AD-H column, hexane/2-propanol = 80:20, flow rate 1.0 mL/min, 254 nm; tR 

= 30.13 min (major) and 41.18 min (minor); 1H NMR (400 MHz, CDCl3) δ 8.20-8.11 (m, 2H), 7.42-

6.93 (m, 12 H), 4.92 (t, J = 7.6 Hz, 1H), 4.10-4.04 (dd, J = 16.8, 7.6 Hz, 1H), 4.00-3.93 (dd, J = 16.4, 

8.0 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 196.4, 146.8, 143.0, 140.3, 136.5, 131.4, 129.7, 127.8, 

126.8, 126.5, 125.6, 122.3, 121.6, 120.1, 119.5, 119.3, 118.2, 111.0, 48.9, 37.8.

N
H

O N
OF3C

(R)-2-(3-(1H-indol-3-yl)-3-(4-(trifluoromethyl)phenyl)propanoyl)pyridine 1-oxide (4e)

The title compound was prepared according to the general working procedure and purified by column 

chromatography to give the product as a white solid in 93% yield. [α]D
25 = 10.5 (c = 1.0, THF, 95% 

ee). HPLC on Chiralpak AD-H column, hexane/2-propanol = 80:20, flow rate 1.0 mL/min, 254 nm; tR 

= 18.65 min (major) and 23.85 min (minor);1H NMR (400 MHz, DMSO-d6) δ 10.95 (s, 1H), 8.33-8.31 

(d, J = 6.4 Hz, 1H), 7.61-7.50 (m, 5H),7.39-7.27 (m, 5 H), 7.03 (t, J = 7.5 Hz, 1H), 6.89 (t, J = 7.8 Hz, 

1H), 4.95-4.90 (m, 1H), 4.09-4.07 (m, 1H), 4.03-3.88 (m, 1H); 13C NMR (100 MHz, DMSO-d6) δ 

197.3, 150.0, 146.6, 140.6, 136.9, 129.0, 128.9-120.8 (q, J = 270.0 Hz), 127.6-126.7 (q, J = 30.0 Hz), 

126.6, 126.4, 126.3, 125.54, 125.50, 122.8, 121.6, 118.9, 117.0, 111.9, 79.6, 48.1, 37.9. 19F NMR (376 

MHz, DMSO-d6) δ -60.7; HRMS (ESI) m/z calcd for C23H17F3N2NaO2 [M+Na]+ 433.1140, found 

433.1136.



S-18

N
H

O N
O

(R)-2-(3-(1H-indol-3-yl)-3-(p-tolyl)propanoyl)pyridine 1-oxide (4f)

The title compound was prepared according to the general working procedure and purified by column 

chromatography to give the product as a white solid in 95% yield. [α]D
25 = 7.3 (c = 1.0, THF, 93% ee). 

HPLC on Chiralpak AD-H column, hexane/2-propanol = 80:20, flow rate 1.0 mL/min, 254 nm; tR = 

25.29 min (major) and 32.69 min (minor); 1H NMR (400 MHz, CDCl3) δ 8.16-8.14 (d, J = 5.6 Hz, 

1H), 8.01 (s, 1 H), 7.45-7.42 (d, J = 7.6 Hz, 1H), 7.32-6.90 (m, 11H), 4.89 (t, J = 6.8 Hz, 1H), 4.11-

4.04 (dd, J = 16.0, 7.2 Hz, 1H), 3.97-3.91 (dd, J = 16.0, 8.0 Hz, 1H), 2.26(s, 3H) ;13C NMR (100 MHz, 

CDCl3) δ 197.2, 140.8, 136.5, 135.8, 129.1, 127.7, 127.5, 126.7, 126.6, 125.6, 122.1, 121.5, 119.5, 

119.4, 119.1, 111.0, 49.1, 38.1, 21.0.

N
H

O N
OMeO

(R)-2-(3-(1H-indol-3-yl)-3-(4-methoxyphenyl)propanoyl)pyridine 1-oxide (4g)

The title compound was prepared according to the general working procedure and purified by column 

chromatography to give the product as a white solid in 92% yield. [α]D
25 = 17.0 (c = 1.0, THF, 87% 

ee). HPLC on Daicel Chiralpak AD-H column, n-hexane/2-propanol = 80:20, flow rate 1.0 mL/min, 

254 nm; tR = 40.92 min (major) and 47.16 min (minor); 1H NMR (400 MHz, CDCl3) δ 8.20-8.09 (m, 

2H), 7.45-7.39 (m, 1 H), 7.30-6.95 (m, 9H), 6.80-6.69 (m, 2H), 4.88 (t, J = 8.0 Hz, 1H), 4.08-4.03 (dd, 

J = 16.0, 7.2 Hz, 1H), 3.96-3.90 (dd, J = 16.0, 8.0 Hz, 1H), 3.72 (s, 3H). 13C NMR (100 MHz, CDCl3) 

δ 197.3, 158.0, 147.2, 140.1, 136.6, 136.0, 128.9, 127.5, 126.7, 126.5, 125.6, 122.0, 121.5, 119.5, 

119.3, 119.1, 114.4, 113.7, 111.1, 55.2, 49.2, 37.8.

N
H

O N
O

F



S-19

(S)-2-(3-(2-fluorophenyl)-3-(1H-indol-3-yl)propanoyl)pyridine 1-oxide (4h)

The title compound was prepared according to the general working procedure and purified by column 

chromatography to give the product as a white solid in 89% yield. [α]D
25 = -13.3 (c = 1.0, THF, 93% 

ee). HPLC on Chiralpak AD-H column, hexane/2-propanol = 80:20, flow rate 1.0 mL/min, 254 nm; tR 

= 25.86 min (major) and 35.89 min (minor); 1H NMR (400 MHz, CDCl3) δ 8.22 (s, 1H), 8.06-8.05 (d, 

J = 6.4 Hz, 1H), 7.44-7.42 (d, J = 7.9 Hz, 1H), 7.20-7.13 (m, 4H), 7.05-7.01 (m, 4H), 6.95-6.85 (m, 

3H), 5.19 (t, J = 7.6 Hz, 1H), 4.17-4.10 (dd, J = 17.0, 7.6 Hz, 1H), 3.89-3.83 (dd, J = 17.0, 7.8 Hz, 

1H). 13C NMR (100 MHz, CDCl3) δ 196.4, 161.7-159.3 (d, J = 244.1 Hz), 146.8, 140.2, 136.4, 130.8-

130.6 (d, J = 13.9 Hz), 129.5-129.4 (d, J = 4.2 Hz), 128.0-127.9 (d, J = 7.6 Hz), 127.7, 126.6, 125.8, 

124.2-124.1 (d, J = 3.3 Hz), 122.1, 121.9, 119.4, 119.2, 117.6, 115.5, 115.3, 111.2, 47.7, 31.2; 19F 

NMR (376 MHz, CDCl3) δ -118.6.

N
H

O N
O

Cl

(S)-2-(3-(2-chlorophenyl)-3-(1H-indol-3-yl)propanoyl)pyridine 1-oxide (4i)

The title compound was prepared according to the general working procedure and purified by column 

chromatography to give the product as a white solid in 90% yield. [α]D
25 = -73.7 (c = 1.0, THF, 90% 

ee). HPLC on Chiralpak AD-H column, hexane/2-propanol = 80:20, flow rate 1.0 mL/min, 254 nm; tR 

= 23.73 min (major) and 30.57 min (minor); 1H NMR (400 MHz, CDCl3) δ 8.27 (s, 1H), 8.15-8.12 (m, 

1H), 7.49-7.47 (d, J = 7.9 Hz, 1H), 7.35-7.16 (m, 5H), 7.15-6.95 (m, 6H), 5.46 (t, J = 7.6 Hz, 1H), 

4.27-4.21 (dd, J = 17.0, 8.3 Hz, 1H), 3.83-3.77 (dd, J = 17.0, 6.9 Hz, 1H). 13C NMR (100 MHz, CDCl3) 

δ 196.3, 146.9, 141.1, 140.2, 136.5, 133.5, 129.5, 129.3, 127.7, 127.6, 127.0, 126.7, 126.6, 125.9, 

122.3, 122.1, 119.5, 117.6, 111.2, 47.8, 34.6.

N
H

O N
O

Br

(S)-2-(3-(2-bromophenyl)-3-(1H-indol-3-yl)propanoyl)pyridine 1-oxide (4j)

The title compound was prepared according to the general working procedure and purified by column 

chromatography to give the product as a white solid in 94% yield. [α]D
25 = -49.6 (c = 1.0, THF, 92% 



S-20

ee). HPLC on Chiralpak OD-H column, hexane/2-propanol = 80:20, flow rate 1.0 mL/min, 254 nm; tR 

= 24.74 min (major) and 31.36 min (minor); 1H NMR (400 MHz, CDCl3) δ 8.40 (s, 1H), 8.12-8.11 (d, 

J = 4.2 Hz, 1H), 7.51-7.47 (m, 2H), 7.25-6.94 (m, 10H), 5.43 (t, J = 7.0 Hz, 1H), 4.26-4.20 (dd, J = 

16.8, 8.4 Hz, 1H), 3.79-3.73 (dd, J = 16.6, 6.2 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 196.2, 142.8, 

136.6, 132.9, 129.5, 128.0, 127.6 126.7, 126.5, 124.4, 122.4, 122.1, 119.6, 119.4, 117.5, 111.2, 48.0, 

37.5.

N
H

O N
O

MeO

(S)-2-(3-(1H-indol-3-yl)-3-(2-methoxyphenyl)propanoyl)pyridine 1-oxide (4k)
The title compound was prepared according to the general working procedure and purified by column 

chromatography to give the product as a white solid in 91% yield. [α]D
25 = 16.6 (c = 1.0, THF, 84% 

ee). HPLC on Chiralpak AD-H column, hexane/2-propanol = 80:20, flow rate 1.0 mL/min, 254 nm; tR 

= 27.7 min (minor) and 38.5 min (major); 1H NMR (400 MHz, CDCl3) δ 8.30 (s, 1H), 8.10-8.09 (d, J 

= 6.4,1H), 7.51-7.49 (d, J = 7.9 Hz, 1H), 7.25-6.94 (m, 9H), 6.80-6.72 (m, 2H), 5.35 (t, J = 7.7 Hz, 

1H), 4.18-4.12 (dd, J = 8.3, 16.4 Hz, 1H), 3.85-3.70 (dd, J = 7.3,16.4 Hz, 1H), 3.76 (s, 3H); 13C NMR 

(100 MHz, CDCl3) δ 197.5, 156.7, 147.3, 140.0, 136.5, 131.9, 128.6, 127.4, 127.3, 127.0, 126.3, 125.6, 

122.1, 121.9, 120.6, 119.6, 119.2, 118.4, 111.0, 110.5, 55.4, 47.7, 31.4; HRMS (ESI) m/z calcd for 

C23H20N2NaO3 [M+Na]+ 395.1372, found 395.1366.

N
H

O N
O

F3C

(R)-2-(3-(1H-indol-3-yl)-3-(2-(trifluoromethyl)phenyl)propanoyl)pyridine 1-oxide (4l)

The title compound was prepared according to the general working procedure and purified by column 

chromatography to give the product as a white solid in 93% yield. [α]D
25 = 17.3 (c = 1.0, THF, 90% 

ee). HPLC on Chiralpak OD-H column, hexane/2-propanol = 80:20, flow rate 1.0 mL/min, 254 nm; tR 

= 21.11 min (major) and 29.88 min (minor);1H NMR (400 MHz, CDCl3) δ 8.28 (s, 1H), 8.16-8.14 (d, 

J = 6.4 Hz, 1H), 7.65-7.62 (d, J = 7.6 Hz, 1H),7.41-6.94 (m, 11 H), 5.46-5.42 (dd, J = 4.4, 9.9 Hz, 1H), 

4.45-4.38 (dd, J = 10, 17.8 Hz, 1H), 3.55-3.48 (dd, J = 4.5,17.8 Hz, 1H); 13C NMR (100 MHz, CDCl3) 



S-21

δ 195.5, 146.8, 143.1, 140.3, 136.7, 132.0, 129.9, 128.9-120.7 (q, J = 272.4 Hz), 127.9-127.1 (q, J = 

26.7 Hz), 127.8, 126.7, 126.6, 126.4, 126.0, 125.9-125.8 (q, J = 6.0 Hz), 122.6, 122.1, 119.5, 119.4, 

117.7, 111.1, 49.1, 33.6; 19F NMR (376 MHz, CDCl3) δ -125.2; HRMS (ESI) m/z calcd for 

C23H17F3N2NaO2 [M+Na]+ 433.1140, found 433.1138.

N
H

O N
O

MeO

(R)-2-(3-(1H-indol-3-yl)-3-(3-methoxyphenyl)propanoyl)pyridine 1-oxide (4m)

The title compound was prepared according to the general working procedure and purified by column 

chromatography to give the product as a white solid in 92% yield. [α]D
25 = 13.4 (c = 1.0, THF, 90% 

ee). HPLC on Chiralpak AD-H column, hexane/2-propanol = 80:20, flow rate 1.0 mL/min, 254 nm; tR 

= 30.98 min (major) and 33.44 min (minor);1H NMR (400 MHz, CDCl3) δ 8.17 (s, 1H), 8.15-8.12 (d, 

J = 6.4, 1H), 7.47-7.44 (d, J = 7.9 Hz, 1H), 7.29-6.85 (m, 10H), 6.69-6.65 (dd, J = 2.0, 8.1 Hz, 1H), 

4.91 (t, J = 7.7 Hz, 1H), 4.11-4.04 (dd, J = 7.6, 16.6 Hz, 1H), 3.98-3.91 (dd, J = 8.0 Hz, 16.6, 1H), 

3.70 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 197.1, 159.6, 147.1, 145.5, 140.1, 136.5, 129.3, 127.5, 

126.7, 126.6, 125.6, 122.1, 121.6, 120.4, 119.43, 119.38, 118.6, 113.8, 111.6, 111.1, 55.1, 49.0, 38.6; 

HRMS (ESI) m/z calcd for C23H20N2NaO3 [M+Na]+ 395.1372, found 395.1367.

N
H

O N
O

(R)-2-(3-(1H-indol-3-yl)-3-(naphthalen-2-yl)propanoyl)pyridine 1-oxide (4n)

The title compound was prepared according to the general working procedure and purified by column 

chromatography to give the product as a white solid in 95% yield. [α]D
25 = -36.4 (c = 1.0, THF, 97% 

ee). HPLC on Chiralpak AD-H column, hexane/2-propanol = 80:20, flow rate 1.0 mL/min, 254 nm; tR 

= 40.64 min (minor) and 46.06 min (major); 1H NMR (400 MHz, CDCl3) δ 8.21-8.01 (m, 2H), 7.80-

7.61 (m, 4H), 7.48-7.31 (m, 4H), 7.30-7.19 (m, 2H), 7.12-6.88 (m, 5H), 5.10 (t, J = 7.7 Hz, 1H), 4.20-

3.89 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 197.0, 147.0, 141.3,140.1, 136.5, 133.4, 132.3, 128.1, 

127.8, 127.5, 126.7, 126.62, 126.57, 126.1, 125.9, 125.6, 125.4, 122.1, 121.7, 119.5, 119.4, 118.7, 

111.0, 48.9, 38.7.



S-22

N
H

O N
O

S

(S)-2-(3-(1H-indol-3-yl)-3-(thiophen-2-yl)propanoyl)pyridine 1-oxide (4o)

The title compound was prepared according to the general working procedure and purified by column 

chromatography to give the product as a white solid in 88% yield. [α]D
25 = 19.3 (c = 1.0, THF, 92% 

ee). HPLC on Chiralpak AD-H column, hexane/2-propanol = 80:20, flow rate 1.0 mL/min, 254 nm; tR 

= 29.11 min (major) and 31.26 min (minor);1H NMR (400 MHz, CDCl3) δ 8.20 (s, 1H), 8.06-8.04 (d, 

J = 6.2, 1H), 7.47-7.44 (d, J = 7.9 Hz, 1H), 7.22-6.75 (m, 10H), 5.17 (t, J = 7.5, 1H), 4.10-4.03 (dd, J 

= 7.3, 16.6 Hz, 1H), 3.99-3.92 (dd, J = 7.9, 16.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 196.5, 148.4, 

146.9, 140.1, 136.4, 127.7, 126.6,126.5, 126.3, 125.7, 124.3, 123.6, 122.2, 121.8, 119.5, 119.3, 118.5, 

111.2, 50.0, 33.9; HRMS (ESI) m/z calcd for C20H16N2NaO2S [M+Na]+ 371.0830, found 371.0827.

N
H

O N
O

F

(R)-2-(3-(5-fluoro-1H-indol-3-yl)-3-phenylpropanoyl)pyridine 1-oxide (4p)

The title compound was prepared according to the general working procedure and purified by column 

chromatography to give the product as a white solid in 95% yield. [α]D
25 = 20.1 (c = 1.0, THF, 96% 

ee). HPLC on Chiralpak AD-H column, hexane/2-propanol = 80:20, flow rate 1.0 mL/min, 254 nm; tR 

= 20.78 min (major) and 23.09 min (minor); 1H NMR (400 MHz, DMSO-d6) δ 10.98(s, 1H), 8.33-8.31 

(d, J = 6.4 Hz, 1H), 7.55-7.50 (m, 1 H), 7.38-7.00 (m, 10H), 6.89-6.83 (m, 1H), 4.76-4.71 (t, J = 7.8 

Hz, 1H), 4.05-3.98 (dd, J = 8.0, 16.8 Hz, 1H), 3.81-3.74 (dd, J = 7.4, 16.9 Hz, 1H); 13C NMR (100 

MHz, DMSO-d6) δ 197.6, 158.1-155.8 (d, J = 229.7 Hz), 146.8, 144.7, 140.5, 133.5, 128.9, 128.7, 

128.1, 126.95-126.85 (d, J = 9.6 Hz), 126.5, 126.30, 126.25, 124.7, 118.1-118.0 (d, J = 4.9 Hz), 112.8-

112.7 (d, J = 9.8 Hz), 109.7-109.4 (d, J = 26.1 Hz), 103.8-103.6 (d, J = 23.0 Hz), 48.4, 38.0; 19F NMR 

(376 MHz, DMSO-d6) δ -124.4.
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N
H

O N
O

Cl

(R)-2-(3-(5-chloro-1H-indol-3-yl)-3-phenylpropanoyl)pyridine 1-oxide (4q)

The title compound was prepared according to the general working procedure and purified by column 

chromatography to give the product as a white solid in 92% yield. [α]D
25= 40.0 (c = 1.0, THF, 98% 

ee). HPLC on Chiralpak AD-H column, hexane/2-propanol = 80:20, flow rate 1.0 mL/min, 254 nm; tR 

= 19.15 min (major) and 22.02 min (minor); 1H NMR (400 MHz, DMSO-d6) δ 11.09 (s, 1H), 8.33-

8.31 (d, J = 6.4 Hz, 1H), 7.55-7.50 (m, 1 H), 7.42-6.95 (m, 11H), 4.76-4.71 (t, J = 7.8 Hz, 1H), 4.04-

3.98 (dd, J = 8.4, 17.0 Hz, 1H), 3.79-3.73 (dd, J = 7.2, 16.8 Hz, 1H); 13C NMR (400 MHz, DMSO-d6) 

δ 197.6, 146.7, 144.7, 140.6, 135.3, 128.9, 128.7, 128.1, 127.9, 126.6, 126.34, 126.29, 124.5, 123.4, 

121.4, 118.2, 117.7, 113.4, 48.5, 37.8.

N
H

O N
O

Br

(R)-2-(3-(5-bromo-1H-indol-3-yl)-3-phenylpropanoyl)pyridine 1-oxide (4r)

The title compound was prepared according to the general working procedure and purified by column 

chromatography to give the product as a white solid in 93% yield. [α]D
25 = 55.4 (c = 1.0, THF, 98% 

ee). HPLC on Chiralpak AD-H column, hexane/2-propanol = 80:20, flow rate 1.0 mL/min, 254 nm; tR 

= 19.25 min (major) and 22.64 min (minor); 1H NMR (400 MHz, DMSO-d6) δ 11.1 (s, 1H), 8.34-8.32 

(d, J = 6.4 Hz, 1H), 7.60-7.08 (m, 12H), 4.79-4.75 (t, J = 7.6 Hz, 1H), 4.04-3.98 (dd, J = 8.2, 17.0 Hz, 

1H), 3.79-3.73 (dd, J = 7.2, 16.9 Hz, 1H); 13C NMR (100 MHz, DMSO-d6) δ 197.5, 146.8, 144.7, 

140.6, 135.5, 128.9, 128.7, 128.6, 128.1, 126.6, 126.4, 126.3, 124.4, 124.0, 121.2, 117.6, 113.9, 111.4, 

48.5, 37.8.

N
H

O N
O

MeO
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(R)-2-(3-(5-methoxy-1H-indol-3-yl)-3-phenylpropanoyl)pyridine 1-oxide (4s)

The title compound was prepared according to the general working procedure and purified by column 

chromatography to give the product as a white solid in 90% yield. [α]D
25 = 36.4 (c = 1.0, THF, 90% 

ee). HPLC on Daicel Chiralpak AD-H column, n-hexane/2-propanol = 80:20, flow rate 1.0 mL/min, 

254 nm; tR = 27.49 min (major) and 33.57 min (minor); 1H NMR (400 MHz, CDCl3) δ 8.16-8.11 (m, 

2H), 7.35-6.98 (m, 10H), 6.85-6.84 (d, J = 2.4 Hz, 1H), 6.77-6.74 (m, 1H), 4.87 (t, J = 7.8 Hz, 1H), 

4.11-4.05 (dd, J = 7.6, 16.4 Hz, 1H), 3.96-3.90 (dd, J = 8.0, 16.4 Hz, 1H), 3.72 (s, 3H); 13C NMR (100 

MHz, CDCl3) δ 197.2, 153.7, 147.1, 143.8, 140.0, 131.7, 128.4, 127.9, 127.6, 127.1, 126.5, 126.4, 

125.7, 122.4, 118.3, 122.2, 111.8, 101.3, 55.8, 49.0, 38.6.

N
H

O N
O

O

O

(R)-2-(3-(5-acetyl-1H-indol-3-yl)-3-phenylpropanoyl)pyridine 1-oxide (4t)

The title compound was prepared according to the general working procedure and purified by column 

chromatography to give the product as a white solid in 90% yield. [α]D
25 = 33.1 (c = 1.0, THF, 83% 

ee). HPLC on Chiralpak AD-H column, hexane/2-propanol = 80:20, flow rate 1.0 mL/min, 254 nm; tR 

= 22.27 min (major) and 25.50 min (minor); 1H NMR (400 MHz, CDCl3) δ 8.72 (s, 1H), 8.12 (s, 1H), 

8.09-8.07 (d, J = 4.8 Hz, 1H), 7.74-7.71 (dd, J = 1.4, 8.6 Hz, 1H), 7.24-7.01 (m, 10H), 4.91 (t, J = 7.6 

Hz, 1H), 4.03-3.96 (dd, J = 7.6, 16.9 Hz, 1H), 3.94-3.87 (dd, J = 7.8, 16.6 Hz, 1H), 3.79 (s, 3H);13C 

NMR (100 MHz, CDCl3) δ 196.6, 168.2, 146.9, 143.5, 140.2, 139.1, 128.5, 127.8, 127.7, 126.6, 126.5, 

126.3, 125.9, 123.5, 123.0, 122.2, 121.4, 120.1, 110.9, 51.9, 49.2, 38.1; HRMS (ESI) m/z calcd for 

C24H20NaN2O4 [M+Na]+ 423.1321, found 423.1315.

N
H

O N
O

Cl

(R)-2-(3-(6-chloro-1H-indol-3-yl)-3-phenylpropanoyl)pyridine 1-oxide (4u)

The title compound was prepared according to the general working procedure and purified by column 

chromatography to give the product as a white solid in 93% yield. [α]D
25 = 36.5 (c = 1.0, THF, 96% 

ee). HPLC on Chiralpak AD-H column, hexane/2-propanol = 80:20, flow rate 1.0 mL/min, 254 nm; tR 
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= 26.41 min (major) and 30.16 min (minor);1H NMR (400 MHz, CDCl3) δ 8.22 (s, 1H), 8.17-8.15 (d, 

J = 6.4 Hz, 1H), 7.31-7.08 (m, 11 H), 6.95-6.92 (dd, J = 1.8, 8.5 Hz, 1H), 4.90 (t, J = 7.7 Hz, 1H), 

4.12-4.05 (dd, J = 7.6, 16.9 Hz, 1H), 3.95-3.88 (dd, J = 7.8,16.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) 

δ 196.8, 147.0, 143.5, 140.2, 136.9, 128.5, 128.0, 127.8, 127.7, 126.6, 126.5, 125.8, 125.3, 122.2, 

120.4, 120.1, 119.0, 111.0, 49.0, 38.3; HRMS (ESI) m/z calcd for C22H17ClN2NaO2 [M+Na]+ 

399.0876, found 399.0873.
References
1. Y. Gui, Y. Li, J. Sun, Z. Zha, Z. Wang, J. Org. Chem. 2018, 83, 7491-7499.
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6．Copies of 1H NMR, 19F NMR and 13C NMR Spectra
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