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1. General Information  

All reactions were carried out in glassware under ambient atmosphere unless 

otherwise noted. Reactions were concentrated under reduced pressure using a rotary 

evaporator unless otherwise noted. Commercial reagents, including all of solvents, 

were used as received or purified using the methods indicated herein. All ligands were 

obtained from commercial sources. 

Chromatography: Analytical thin-layer chromatography (TLC) was carried out with 

silica gel pre-coated glass plates. The TLC was visualized with a UV lamp (254 or 

365 nm). Flash Column chromatography was carried out on silica gel (200-300 mesh) 

with technical grade solvents as the eluent.  

Nuclear magnetic resonance (NMR) spectroscopy: NMR spectra were recorded 

using CDCl3 as the solvent and on the Bruker AVANCE spectrometer, operating at 

400 MHz for 1H NMR and 100 MHz for 13C NMR. Chemical shifts (δ) were given in 

parts per million from tetramethylsilane (δ 0) and were measured relative to the signal 

of CDCl3 (1H NMR: δ 7.26 ppm and 13C NMR: 77.0 ppm). Coupling constants (J 

values) were given in Hertz (Hz) and reported to the nearest 0.1 Hz. 1H NMR spectral 

data are tabulated in the order: multiplicity (s, singlet; d, doublet; t, triplet; q, quartet; 

sept, septet; m, multiplet; br broad), coupling constants, number of protons.  

High resolution mass spectrometry (HRMS): HRMS were recorded on a liquid 

chromatography/quadrupole time-of-flight mass spectrometer (MicroTof-Q II mass 

spectrometer, Bruker Daltonics) using electrospray ionization-time of flight 

(ESI-TOF). The calculated values are based on the most abundant isotope.  

High performance liquid chromatography (HPLC): HPLC analysis was performed 

on a SHIMADZU LC-20AT equipped with a variable wavelength UV-Vis detector 

SPD-20A and Daicel Chiralpak chiral column.  

Optical rotations: Optical rotations were measured on an Autopol IV-T polarimeter. 

The optical rotation values ([α]D) were reported at the indicated temperature in deg. 

mL g−1 dm−1. 

X-ray crystallography: X-ray crystallography was performed on a BRUKERSMA 
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RTAPEXIICCD diffractometer. 

2. More Reaction Conditions and Scopes 

Table S1: Screening of PHOX ligand 

 

 

Table S2: Screening of nickel precursor 
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Table S3: Screening of solvent 

 

Table S4: Screening of silane 

 

Table S5: Screening of reaction temperature 
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Scheme S1: The reactions of substrates 1w−1aa 

When substrates 1w−1aa were employed under the optimal reaction conditions, 

the reaction failed to afford the desired products and only produced complex 

mixtures. 

 

Scheme S1 

3. Preparation of starting materials  

All substrates (1a–1aa) were prepared according to the known procedures.1-2 Among 

them, substrates 1a–1m, 1o, 1q, 1r, and 1x–1z are known compounds.1 

 

 

1n 

Substrate 1n was prepared according to the known procedure1-2 (1.63 g, 80%) and 

purified by chromatography (petroleum ether/ethyl acetate = 10:1). White solid. E/Z = 

1.5:1. 1H NMR (400 MHz, CDCl3) δ 7.96 – 7.88 (m, 1H), 7.85 – 7.75 (m, 4H), 7.55 – 

7.34 (m, 4.71H), 7.22 – 7.11 (m, 2H), 6.88 (t, J = 4.4 Hz, 0.39H), 4.51 (s, 0.79H), 

4.93 (s, 1.18H), 4.27 (d, J = 4.4 Hz, 0.79H), 4.10 (d, J = 6.0 Hz, 1.20H), 3.87 (s, 
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1.17H), 3.85 (s, 1.81H), 2.18 (s, 1.18H), 2.16 (s, 1.75H); 13C NMR (100 MHz, CDCl3) 

δ 147.2, 144.9, 144.0, 143.9, 135.6, 135.3, 132.9(8), 132.9(5), 130.7, 130.6, 129.7, 

129.6, 129.0, 128.9, 128.2(0), 128.1(5), 127.7, 126.7(1), 126.6(7), 126.3(8), 126.3(5), 

125.9, 125.8, 124.9(2), 124.9(0), 119.8, 119.6, 86.3, 86.1, 84.2, 62.2, 61.9, 45.9, 42.9, 

39.3, 38.1, 21.3, 21.2; HRMS-ESI Calcd for [C23H23N2O3S]+ (M + H+) 407.1424, 

found 407.1426. 

 

 

1p 

Substrate 1p was prepared according to the known procedure1-2 (0.87 g, 50%) and 

purified by chromatography (petroleum ether/ethyl acetate = 8:1). Pale yellow oil. E/Z 

= 1.4:1. 1H NMR (400 MHz, CDCl3) δ 7.75 (d, J = 8.0 Hz, 2H), 7.38 – 7.23 (m, 

4.73H), 6.78 (t, J = 4.0 Hz, 0.39H), 6.22 – 6.14 (m, 1H), 4.28 (s, 0.83H), 4.26 (s, 

1.19H), 4.12 (d, J = 4.0 Hz, 1H), 3.96 (d, J = 5.6 Hz, 1H), 3.86 (s, 1.23H), 3.82 (s, 

1.77H), 2.38 (s, 1.22H), 2.37 (s, 1.76H); 13C NMR (100 MHz, CDCl3) δ 147.4, 

145.8(2), 145.8(0), 145.1, 143.8(4), 143.7(5), 142.7, 142.6, 135.7, 135.4, 129.6, 129.5, 

127.7, 112.2(2), 112.1(6), 106.5, 106.4, 83.5, 83.3, 76.7, 62.1, 61.8, 45.8, 43.0, 39.2, 

37.9, 21.4(4), 21.4(2); HRMS-ESI Calcd for [C17H19N2O4S]+ (M + H+) 347.1060, 

found 347.1060. 

 

 

1s 

Substrate 1s was prepared according to the known procedure1-2 (1.06 g, 72%) and 

purified by chromatography (petroleum ether/ethyl acetate = 12:1). White solid. E/Z = 
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1.5:1. 1H NMR (400 MHz, CDCl3) δ 7.68 – 7.56 (m, 2H), 7.28 – 7.16 (m, 2.71H), 

6.66 (t, J = 4.0 Hz, 0.38H), 4.00 – 3.91 (m, 2.79H), 3.82 (d, J = 5.6 Hz, 1.17H), 3.77 

(s, 1.20H), 3.71 (s, 1.78H), 2.32 (s, 3H), 1.48 (s, 1.20H), 1.46 (s, 1.74H); 13C NMR 

(100 MHz, CDCl3) δ 147.4, 144.9, 143.5, 143.4, 135.4, 135.1, 129.2, 129.1, 127.5(0), 

127.4(5), 82.0, 81.9, 71.2, 71.1, 61.8, 61.4, 45.2, 42.7, 38.6, 37.2, 21.2, 3.0; 

HRMS-ESI Calcd for [C14H19N2O3S]+ (M + H+) 295.1111, found 295.1112. 

 

 

1t 

Substrate 1t was prepared according to the known procedure1-2 (1.54 g, 71%) and 

purified by chromatography (petroleum ether/ethyl acetate = 10:1). White solid. E/Z = 

1.3:1. 1H NMR (400 MHz, CDCl3) δ 7.79 (d, J = 8.4 Hz, 2H), 7.46 (t, J = 6.0 Hz, 

0.59H), 7.38 – 7.23 (m, 10H), 7.17 – 7.10 (m, 2H), 6.89 (t, J = 4.4 Hz, 0.41H), 5.14 (s, 

0.84H), 5.10 (s, 1.16H), 4.35 (s, 0.84H), 4.30 (s, 1.13H), 4.27 (d, J = 4.4 Hz, 0.86H), 

4.05 (d, J = 6.0 Hz, 1.16H), 2.37 (s, 1.30H), 2.36 (s, 1.67H); 13C NMR (100 MHz, 

CDCl3) δ 147.9, 145.6, 143.9, 143.8, 137.3, 137.1, 135.6, 135.4, 131.5(0), 131.4(7), 

129.7, 129.6, 128.5, 128.4(1), 128.3(6), 128.2, 128.1(1), 128.0(6), 127.9(9), 127.9(5), 

127.9, 127.7, 122.0, 121.9, 86.0, 85.9, 81.6, 81.3, 76.4, 76.1, 45.9, 43.0, 39.1, 37.8, 

21.4; HRMS-ESI Calcd for [C25H25N2O3S]+ (M + H+) 433.1580, found 433.1578. 

 

 

1u 

Substrate 1u was prepared according to the known procedure1-2 (1.52 g, 82%) and 

purified by chromatography (petroleum ether/ethyl acetate = 10:1). Colorless oil. E/Z 
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= 1.5:1. 1H NMR (400 MHz, CDCl3) δ 7.80 (d, J = 8.0 Hz, 2H), 7.38 (t, J = 6.0 Hz, 

0.6H), 7.33 – 7.22 (m, 5H), 7.17 – 7.09 (m, 2H), 6.83 (t, J = 4.0 Hz, 0.41H), 4.36 (s, 

0.82H), 4.34 (s, 1.21H), 4.21 (d, J = 4.0 Hz, 0.82H), 4.17 – 1.05 (m, 2H), 4.03 (d, J = 

6.0 Hz, 1.19H), 2.38 (s, 1.22H), 2.36 (s, 1.82H), 1.25 (t, J = 6.8 Hz, 3H); 13C NMR 

(100 MHz, CDCl3) δ 147.0, 144.7, 143.9, 143.8, 135.6, 135.4, 131.5(2), 131.4(7), 

129.7, 129.6, 128.5, 128.4, 128.1(2), 128.0(6), 127.8, 122.1, 121.9, 85.9, 81.5, 81.4, 

70.0, 69.6, 46.0, 43.0, 39.1, 37.8, 21.4(4), 21.4(1), 14.5, 14.4; HRMS-ESI Calcd for 

[C20H23N2O3]
+ (M + H+) 371.1424, found 371.1427. 

 

 

1v 

Substrate 1v was prepared according to the known procedure1-2 (1.32 g, 58%) and 

purified by chromatography (petroleum ether/ethyl acetate = 15:1). White solid. E/Z = 

1.5:1. 1H NMR (400 MHz, CDCl3) δ 7.63 (d, J = 8.4 Hz, 2H), 7.36 (t, J = 6.0 Hz, 

0.57H), 7.16 – 7.06 (m, 5H), 7.00 –6.93 (m, 2H), 6.88 (t, J = 4.0 Hz, 1H), 4.19 (s, 

0.78H), 4.16 (s, 1.14H), 4.11 (d, J = 4.0 Hz, 0.81H), 3.90 (d, J = 5.6 Hz, 1.19H), 2.20 

(s, 1.26H), 2.19 (s, 1.67H), 0.77 (s, 5.39H), 0.75 (s, 3.56H), 0.007 (s, 2.54H), 0.000 (s, 

3.44H); 13C NMR (100 MHz, CDCl3) δ 151.8, 149.7, 143.9, 143.8, 135.6, 135.5, 

131.5(0), 131.4(6), 129.7, 129.6, 128.5, 128.4, 128.1, 128.0, 127.7(4), 127.6(8), 122.1, 

85.9, 81.5, 81.4, 45.9, 42.8, 39.1, 37.7, 25.9(4), 25.8(6), 21.3(9), 21.3(7), 18.1, 18.0, 

-5.4, -5.4; HRMS-ESI Calcd for [C24H33N2O3SSi]+ (M + H+) 457.1976, found 

457.1974. 

 

 

1w 
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Substrate 1w was prepared according to the known procedure1-2 (0.84 g, 60%) and 

purified by chromatography (petroleum ether/ethyl acetate = 10:1). Pale yellow oil. 

E/Z = 1.5:1. 1H NMR (400 MHz, CDCl3) δ 7.77 – 7.68 (m, 2H), 7.35 – 7.26 (m, 

2.68H), 6.76 (t, J = 4.0 Hz, 0.39H), 4.15 – 4.08 (m, 2.89H), 3.95 (d, J = 6.0 Hz, 

1.21H), 3.88 (s, 1.21H), 3.83 (s, 1.77H), 2.44 (s, 3H), 2.12 (t, J = 2.0 Hz, 0.38H), 2.09 

(t, J = 2.0 Hz, 0.54H); 13C NMR (100 MHz, CDCl3) δ 147.2, 144.8, 144.0, 143.9, 

135.6, 135.2, 129.7, 129.6, 127.6(4), 127.6(3), 76.3, 76.2, 74.3, 74.1, 62.1, 61.8, 45.5, 

42.8, 38.3, 36.8, 21.5; HRMS-ESI Calcd for [C13H17N2O3S]+ (M + H+) 281.0954, 

found 281.0954. 

 

 

1aa 

Substrate 1aa was prepared according to the known procedure1-2 (1.42 g, 83%) and 

purified by chromatography (petroleum ether/ethyl acetate = 8:1). White solid. E/Z = 

1.3:1. 1H NMR (400 MHz, CDCl3) δ 8.79 (s, 0.40H), 8.40 (s, 0.56H), 7.71 – 7.65 (m, 

2H), 7.34 (t, J = 6.0 Hz, 1H), 7.21 – 7.10 (m, 5H), 7.07 – 6.97 (m, 2H), 6.83 (s, 

0.41H), 4.25 (s, 0.85H), 4.22 (s, 1.12H), 4.14 (d, J = 4.0 Hz, 0.84H), 3.94 (d, J = 6.0 

Hz, 1.12H), 2.26 (s, 1.30H), 2.24 (s, 1.69H); 13C NMR (100 MHz, CDCl3) δ 148.7, 

146.6, 144.0, 143.9, 135.5, 135.2, 131.5(0), 131.4(6), 129.7, 129.6, 128.5(2), 128.4(5), 

128.1, 128.0, 127.7(3), 127.7(0), 121.9, 121.8, 86.1, 86.0, 81.3, 81.2, 45.7, 42.6, 39.3, 

37.8, 21.3(8), 21.3(6); HRMS-ESI Calcd for [C18H19N2O3S]+ (M + H+) 343.1111, 

found 343.1112. 

4. General Procedure and Data for Products 

4.1 General procedure for the synthesis of chiral hydroxylamine ethers 2: 
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Ni(OTf)2 (0.02 mmol, 7.1 mg), L5 (0.03 mmol, 10.0 mg) and DME (4 mL) were 

introduced into an oven-dried Schlenk tube under nitrogen atmosphere. The resultant 

solution was stirred at 25 °C under the N2 atmosphere for 0.5 h. Then, alkyne-oxime 

ethers 1 (0.2 mmol) and (EtO)2MeSiH (0.4 mmol, 64 uL) were introduced into the 

system. The resulting mixture was stirred at 70 oC (oil bath) for 48 h. Upon 

completion, the mixture was concentrated and the residue was purified 

bychromatography on silica gel (eluent: hexanes/ethyl acetate) to afford the desired 

products 2. 

 

 

2a 

Compound 2a was obtained in 62% yield (44.5 mg) according to the general 

procedure and purified by chromatography (petroleum ether/ethyl acetate = 10:1). 

Pale yellow oil. [α]D
20 = -49.4° (c = 2.0, CH2Cl2). 95% ee (determined by HPLC: 

Chiralpak OZH Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 16.927 

min (major), 23.226 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.57 (d, J = 8.0 Hz, 

2H), 7.29 (d, J = 7.2 Hz, 2H), 7.20 – 7.09 (m, 5H), 5.91 (dd, J = 4.4, 2.4 Hz, 1H), 5.55 

(s, 1H), 4.09 (dd, J = 11.6, 1.2 Hz, 1H), 3.98 (dd, J = 17.6, 4.4 Hz, 1H), 3.89 (s, 1H), 

3.43 (s, 3H), 3.13 (d, J = 17.2 Hz, 1H), 2.36 (dd, J = 11.6, 2.4 Hz, 1H), 2.26 (s, 3H); 

13C NMR (100 MHz, CDCl3) δ 143.8, 138.4, 133.7, 132.9, 129.7, 128.6, 127.9, 127.7, 

125.6, 124.0, 62.0, 56.4, 45.4, 44.8, 21.5; HRMS-ESI Calcd for [C19H23N2O3S]+ (M + 

H+) 359.1424, found 359.1423.  
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2b 

Compound 2b was obtained in 53% yield (41.2 mg) according to the general 

procedure and purified by chromatography (petroleum ether/ethyl acetate = 5:1). 

Colorless oil. [α]D
20 = -59.3° (c = 1.6, CH2Cl2). 94% ee (determined by HPLC: 

Chiralpak OZH Column, 30/70 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 19.224 

min (major), 25.247 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 8.0 Hz, 

2H), 7.40 (d, J = 8.8 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 6.86 (d, J = 8.8 Hz, 2H), 5.99 

(dd, J = 4.4, 2.4 Hz, 1H), 5.72 (s, 1H), 4.26 (dd, J = 11.6, 1.2 Hz, 1H), 4.14 (dd, J = 

17.2, 4.4 Hz, 1H), 4.03 (s, 1H), 3.80 (s, 3H), 3.61 (s, 3H), 3.28 (d, J = 17.2 Hz, 1H), 

2.51 (dd, J = 11.6, 2.4 Hz, 1H), 2.44 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 159.4, 

143.7, 133.1, 133.0, 130.9, 129.7, 127.8, 126.7, 122.3, 114.0, 62.1, 56.5, 55.3, 45.4, 

44.8, 21.5; HRMS-ESI Calcd for [C20H25N2O4S]+ (M + H+) 389.1530, found 

389.1532. 

 

 

2c 

Compound 2c was obtained in 69% yield (55.8 mg) according to the general 

procedure and purified by chromatography (petroleum ether/ethyl acetate = 5:1). Pale 

yellow oil. [α]D
20 = -45.2° (c = 2.3, CH2Cl2). 95% ee (determined by HPLC: 

Chiralpak OZH Column, 30/70 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 22.970 



S12 
 

min (major), 28.836 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.73 (d, J = 8.0 Hz, 

2H), 7.39 (d, J = 8.4 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 7.20 (d, J = 8.4 Hz, 2H), 6.06 

(dd, J = 4.4, 2.4 Hz, 1H), 5.68 (s, 1H), 4.26 (dd, J = 11.6, 1.2 Hz, 1H), 4.14 (dd, J = 

17.6, 4.4 Hz, 1H), 4.02 (s, 1H), 3.59 (s, 3H), 3.29 (d, J = 17.2 Hz, 1H), 2.50 (dd, J = 

11.6, 2.4 Hz, 1H), 2.46 (s, 3H), 2.43 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 143.8, 

138.3, 135.1, 133.1, 132.9, 129.7, 127.7, 126.5, 125.9, 123.4, 62.0, 56.3, 45.4, 44.7, 

21.5, 15.6; HRMS-ESI Calcd for [C20H25N2O3S2]
+ (M + H+) 405.1301, found 

405.1301. 

 

 

2d 

Compound 2d was obtained in 62% yield (51.4 mg) according to the general 

procedure and purified by chromatography (petroleum ether/ethyl acetate = 10:1). 

Colorless oil. [α]D
20 = -51.9° (c = 2.0, CH2Cl2). 92% ee (determined by HPLC: 

Chiralpak ASH Column, 5/95 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 23.222 min 

(major), 26.083 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 8.0 Hz, 2H), 

7.42 (d, J = 8.0 Hz, 2H), 7.38 – 7.31 (m, 4H), 6.13 – 6.02 (m, 1H), 5.73 (s, 1H), 4.28 

(d, J = 11.6 Hz, 1H), 4.16 (dd, J = 17.2, 4.4 Hz, 1H), 4.07 (s, 1H), 3.62 (s, 3H), 3.30 

(d, J = 17.2 Hz, 1H), 2.51 (dd, J = 11.6, 1.6 Hz, 1H), 2.44 (s, 3H), 1.31 (s, 9H); 13C 

NMR (100 MHz, CDCl3) δ 150.9, 143.7, 135.3, 133.3, 133.0, 129.7, 127.8, 125.5, 

125.2, 123.2, 62.0, 56.4, 45.5, 44.8, 34.5, 31.2, 21.5; HRMS-ESI Calcd for 

[C23H31N2O3S]+ (M + H+) 415.2050, found 415.2049. 
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2e 

Compound 2e was obtained in 60% yield (44.7 mg) according to the general 

procedure and purified by chromatography (petroleum ether/ethyl acetate = 10:1). 

Pale yellow solid. [α]D
20 = -57.8° (c = 1.8, CH2Cl2). 95% ee (determined by HPLC: 

Chiralpak OZH Column, 30/70 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 12.151 

min (major), 14.457 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 8.0 Hz, 

2H), 7.40 – 7.30 (m, 4H), 7.14 (d, J = 8.0 Hz, 2H), 6.05 (dd, J = 4.0, 2.4 Hz, 1H), 5.72 

(s, 1H), 4.26 (dd, J = 11.6, 1.2 Hz, 1H), 4.14 (dd, J = 17.2, 4.0 Hz, 1H), 4.05 (s, 1H), 

3.60 (s, 3H), 3.30 (d, J = 17.2 Hz, 1H), 2.53 (dd, J = 11.6, 2.4 Hz, 1H), 2.44 (s, 3H), 

2.33 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 143.7, 137.7, 135.5, 133.5, 132.9, 129.7, 

129.3, 127.8, 125.4, 123.2, 62.0, 56.4, 45.4, 44.9, 21.5, 21.0; HRMS-ESI Calcd for 

[C20H25N2O3S]+ (M + H+) 373.1580, found 373.1578. 

 

 

2f 

Compound 2f was obtained in 61% yield (45.9 mg) according to the general 

procedure and purified by chromatography (petroleum ether/ethyl acetate = 10:1). 

Pale yellow oil. [α]D
20 = -31.9° (c = 1.9, CH2Cl2). 89% ee (determined by HPLC: 

Chiralpak OZH Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 18.339 

min (major), 25.085 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.73 (d, J = 8.0 Hz, 

2H), 7.45 (dd, J = 8.8, 5.2 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 7.00 (t, J = 8.8 Hz, 2H), 
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6.02 (dd, J = 4.4, 2.4 Hz, 1H), 5.72 (s, 1H), 4.27 (dd, J = 11.6, 1.6 Hz, 1H), 4.14 (dd, 

J = 17.2, 4.4 Hz, 1H), 3.99 (s, 1H), 3.58 (s, 3H), 3.28 (d, J = 17.2 Hz, 1H), 2.50 (dd, J 

= 12.0, 2.4 Hz, 1H), 2.43 (s, 3H); 13C NMR (100 MHz, CDCl3) 162.4 (d, J = 246.0 

Hz), 143.8, 134.7 (d, J = 4.0 Hz), 132.9, 132.8, 129.7, 127.7, 127.1 (d, J = 8.0 Hz), 

123.9, 115.4 (d, J = 21.0 Hz), 61.9, 56.6, 45.4, 44.7, 21.5; HRMS-ESI Calcd for 

[C19H22FN2O3S]+ (M + H+) 377.1330, found 377.1331. 

 

 

2g 

Compound 2g was obtained in 55% yield (43.2 mg) according to the general 

procedure and purified by chromatography (petroleum ether/ethyl acetate = 10:1). 

White solid. [α]D
20 = -46.9° (c = 1.7, CH2Cl2). 88% ee (determined by HPLC: 

Chiralpak OZH Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 22.088 

min (major), 27.826 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.73 (d, J = 8.0 Hz, 

2H), 7.41 (d, J = 8.8 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 7.29 (d, J = 8.8 Hz, 2H), 6.07 

(dd, J = 4.4, 2.4 Hz, 1H), 5.71 (s, 1H), 4.27 (dd, J = 12.0, 1.2 Hz, 1H), 4.15 (dd, J = 

17.2, 4.4 Hz, 1H), 3.99 (s, 1H), 3.58 (s, 3H), 3.28 (d, J = 17.6 Hz, 1H), 2.50 (dd, J = 

12.0, 2.4 Hz, 1H), 2.43 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 143.9, 137.1, 133.6, 

132.9, 132.8, 129.7, 128.7, 127.7, 126.9, 124.5, 61.9, 56.4, 45.4, 44.7, 21.5; 

HRMS-ESI Calcd for [C19H22ClN2O3S]+ (M + H+) 393.1034, found 393.1034. 
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2h 

Compound 2h was obtained in 66% yield (57.7 mg) according to the general 

procedure and purified by chromatography (petroleum ether/ethyl acetate = 10:1). 

White solid. [α]D
20 = -49.5° (c = 2.4, CH2Cl2). 92% ee (determined by HPLC: 

Chiralpak OZH Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 24.526 

min (major), 29.867 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.72 (d, J = 8.0 Hz, 

2H), 7.44 (d, J = 8.4 Hz, 2H), 7.38 – 7.30 (m, 4H), 6.08 (dd, J = 4.4, 2.4 Hz, 1H), 5.70 

(s, 1H), 4.27 (dd, J = 11.6, 1.2 Hz, 1H), 4.14 (dd, J = 17.6, 4.4 Hz, 1H), 3.98 (s, 1H), 

3.58 (s, 3H), 3.27 (d, J = 17.6 Hz, 1H), 2.49 (dd, J = 11.6, 2.4 Hz, 1H), 2.43 (s, 3H); 

13C NMR (100 MHz, CDCl3) δ 143.9, 137.5, 132.9, 132.8, 131.6, 129.7, 127.7, 127.3, 

124.6, 121.8, 61.9, 56.3, 45.4, 44.6, 21.5; HRMS-ESI Calcd for [C19H22BrN2O3S]+ (M 

+ H+) 437.0529, found 437.0530. 

 

 

2i 

Compound 2i was obtained in 61% yield (45.4 mg) according to the general 

procedure and purified by chromatography (petroleum ether/ethyl acetate = 10:1). 

Colorless oil. [α]D
20 = -56.7° (c = 1.9, CH2Cl2). 94% ee (determined by HPLC: 

Chiralpak OZH Column, 25/75 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 12.105 

min (major), 16.925 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 8.4 Hz, 

2H), 7.35 (d, J = 8.0 Hz, 2H), 7.27 – 7.19 (m, 3H), 7.09 (d, J = 6.8 Hz, 1H), 6.06 (dd, 

J = 4.0, 2.4 Hz, 1H), 5.72 (s, 1H), 4.25 (dd, J = 11.6, 2.4 Hz, 1H), 4.14 (dd, J = 17.2, 

4.0 Hz, 1H), 4.06 (s, 1H), 3.60 (s, 3H), 3.30 (d, J = 17.2 Hz, 1H), 2.53 (dd, J = 11.6, 

2.4 Hz, 1H), 2.43 (s, 3H), 2.33 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 143.7, 138.4, 

138.2, 133.8, 132.9, 129.7, 128.6, 128.5, 127.7, 126.4, 123.8, 122.6, 62.0, 56.4, 45.4, 

44.8, 21.4(7), 21.4(5); HRMS-ESI Calcd for [C20H25N2O3S]+ (M + H+) 373.1580, 

found 373.1582. 
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2j 

Compound 2j was obtained in 60% yield (48.3 mg) according to the general 

procedure and purified by chromatography (petroleum ether/ethyl acetate = 5:1). Pale 

yellow oil. [α]D
20 = -52.3° (c = 2.0, CH2Cl2). 88% ee (determined by HPLC: 

Chiralpak OZH Column, 35/65 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 12.677 

min (major), 15.840 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.58 (d, J = 8.0 Hz, 

2H), 7.18 (d, J = 8.0 Hz, 2H), 7.14 – 7.04 (m, 2H), 6.62 (d, J = 8.4 Hz, 1H), 5.82 (dd, 

J = 4.0, 2.4 Hz, 1H), 5.56 (s, 1H), 4.09 (d, J = 12.0 Hz, 1H), 3.97 (dd, J = 17.2, 4.4 Hz, 

1H), 3.88 (s, 1H), 3.65 (s, 3H), 3.45 (s, 3H), 3.12 (d, J = 17.2 Hz, 1H), 2.35 (dd, J = 

12.0, 2.0 Hz, 1H), 2.27 (s, 3H), 2.03 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 157.6, 

143.7, 133.1, 132.9, 130.3, 129.7, 127.9, 127.8, 126.7, 124.0, 122.1, 109.8, 62.1, 56.5, 

55.3, 45.4, 44.9, 21.5, 16.3; HRMS-ESI Calcd for [C21H27N2O4S]+ (M + H+) 403.1686, 

found 403.1685.  

 

 

2k 

Compound 2k was obtained in 62% yield (47.9 mg) according to the general 

procedure and purified by chromatography (petroleum ether/ethyl acetate = 10:1). 

Pale yellow oil. [α]D
20 = -43.7° (c = 2.0, CH2Cl2). 93% ee (determined by HPLC: 

Chiralpak OZH Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 12.380 

min (major), 17.236 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.75 (d, J = 8.0 Hz, 
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2H), 7.35 (d, J = 8.0 Hz, 2H), 7.06 (s, 2H), 6.93 (s, 1H), 6.05 (dd, J = 4.4, 2.4 Hz, 1H), 

5.70 (s, 1H), 4.24 (dd, J = 11.6, 2.4 Hz, 1H), 4.13 (dd, J = 17.2, 4.4 Hz, 1H), 4.06 (s, 

1H), 3.61 (s, 3H), 3.30 (d, J = 17.2 Hz, 1H), 2.55 (dd, J = 11.6, 2.4 Hz, 1H), 2.44 (s, 

3H), 2.30 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 143.7, 138.3, 138.1, 133.9, 133.0, 

129.7, 129.6, 127.8, 123.7, 123.5, 62.1, 56.5, 45.4, 44.9, 21.5, 21.3; HRMS-ESI Calcd 

for [C21H27N2O3S]+ (M + H+) 387.1737, found 387.1739.  

 

 

2l 

Compound 2l was obtained in 61% yield (49.1 mg) according to the general 

procedure and purified by chromatography (petroleum ether/ethyl acetate = 5:1). 

White solid. [α]D
20 = -53.2° (c = 2.0, CH2Cl2). 94% ee (determined by HPLC: 

Chiralpak OZH Column, 30/70 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 32.564 

min (major), 46.478 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.73 (d, J = 8.0 Hz, 

2H), 7.34 (d, J = 8.0 Hz, 2H), 7.01 – 6.91 (m, 2H), 6.76 (d, J = 8.0 Hz, 1H), 5.99 – 

5.90 (m, 3H), 5.72 (s, 1H), 4.24 (d, J = 11.6 Hz, 1H), 4.12 (dd, J = 17.2, 4.0 Hz, 1H), 

3.96 (s, 1H), 3.60 (s, 3H), 3.26 (d, J = 17.2 Hz, 1H), 2.49 (dd, J = 11.6, 2.0 Hz, 1H), 

2.43 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 147.9, 147.3, 143.8, 133.3, 132.9, 129.7, 

127.7, 123.0, 119.2, 108.3, 106.2, 101.1, 62.0, 56.7, 45.4, 44.7, 21.5; HRMS-ESI 

Calcd for [C20H23N2O5S]+ (M + H+) 403.1322, found 403.1321. 
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2m 

Compound 2m was obtained in 65% yield (53.1 mg) according to the general 

procedure and purified by chromatography (petroleum ether/ethyl acetate = 10:1). 

White solid. [α]D
20 = -44.8° (c = 2.2, CH2Cl2). 94% ee (determined by HPLC: 

Chiralpak OZH Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 26.268 

min (major), 31.998 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.95 (s, 1H), 7.83 – 

7.73 (m, 5H), 7.57 (dd, J = 8.4, 1.6 Hz, 1H), 7.51 – 7.43 (m, 2H), 7.36 (d, J = 8.0 Hz, 

2H), 6.22 (dd, J = 4.0, 2.4 Hz, 1H), 5.80 (s, 1H), 4.32 (d, J = 12.0 Hz, 1H), 4.26 – 

4.16 (m, 2H), 3.64 (s, 3H), 3.36 (d, J = 17.6 Hz, 1H), 2.59 (dd, J = 12.0, 2.1 Hz, 1H), 

2.44 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 143.8, 135.7, 133.6, 133.3, 132.9, 132.9, 

129.7, 128.2(1), 128.1(7), 127.8, 127.5, 126.3, 126.1, 124.5, 123.7, 62.1, 56.5, 45.5, 

44.9, 21.5; HRMS-ESI Calcd for [C23H25N2O3S]+ (M + H+) 409.1580, found 

409.1580. 

 

 

2n 

Compound 2n was obtained in 48% yield (39.2 mg) according to the general 

procedure and purified by chromatography (petroleum ether/ethyl acetate = 10:1). 

White solid. [α]D
20 = -38.7° (c = 1.5, CH2Cl2). 90% ee (determined by HPLC: 

Chiralpak OZH Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 12.803 

min (major), 16.874 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.90 – 7.72 (m, 5H), 

7.50 – 7.36 (m, 5H), 7.30 (d, J = 7.2 Hz, 1H), 5.87 (t, J = 3.2 Hz, 1H), 5.63 (s, 1H), 

4.20 – 4.06 (m, 2H), 3.97 (s, 1H), 3.49 (d, J = 16.8 Hz, 1H), 3.44 (s, 3H), 2.97 (dd, J 

= 11.6, 2.8 Hz, 1H), 2.48 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 143.8, 137.3, 134.3, 

133.7, 133.1, 131.4, 129.8, 128.4, 128.1, 127.8, 127.5, 126.1, 126.0, 125.8, 125.2, 

125.1, 62.2, 58.9, 45.4, 45.2, 21.5; HRMS-ESI Calcd for [C23H25N2O3S]+ (M + H+) 

409.1580, found 409.1579. 
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2o 

Compound 2o was obtained in 51% yield (37.2 mg) according to the general 

procedure and purified by chromatography (petroleum ether/ethyl acetate = 8:1). 

Yellow solid. [α]D
20 = -48.3° (c = 1.5, CH2Cl2). 96% ee (determined by HPLC: 

Chiralpak OZH Column, 25/75 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 15.348 

min (major), 19.304©© min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.72 (d, J = 8.0 

Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 7.21 – 7.12 (m, 2H), 6.97 (dd, J = 4.8, 3.6 Hz, 1H), 

6.11 (dd, J = 4.4, 2.4 Hz, 1H), 5.82 (s, 1H), 4.30 (d, J = 11.6 Hz, 1H), 4.16 (dd, J = 

17.6, 4.4 Hz, 1H), 3.99 (s, 1H), 3.65 (s, 3H), 3.25 (d, J = 17.6 Hz, 1H), 2.48 – 2.40 (m, 

4H); 13C NMR (100 MHz, CDCl3) δ 143.9, 142.6, 132.9, 129.7, 128.2, 127.7, 127.4, 

124.5, 123.4, 122.4, 62.0, 57.2, 45.1, 44.4, 21.5; HRMS-ESI Calcd for 

[C17H21N2O3S2]
+ (M + H+) 365.0988, found 365.0990. 

 

 

2p 

Compound 2p was obtained in 51% yield (35.5 mg) according to the general 

procedure and purified by chromatography (petroleum ether/ethyl acetate = 8:1). 

Yellow solid. [α]D
20 = -48.9° (c = 1.7, CH2Cl2). 94% ee (determined by HPLC: 

Chiralpak OZH Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 19.653 

min (major), 22.737 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.71 (d, J = 8.0 Hz, 

2H), 7.63 (s, 1H), 7.37 – 7.30 (m, 3H), 6.45 (d, J = 0.8 Hz, 1H), 5.94 (dd, J = 4.4, 2.4 

Hz, 1H), 5.78 (s, 1H), 4.26 (d, J = 11.6 Hz, 1H), 4.13 (dd, J = 17.2, 4.4 Hz, 1H), 3.82 
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(s, 1H), 3.62 (s, 3H), 3.22 (d, J = 17.2 Hz, 1H), 2.46 – 2.37 (m, 4H); 13C NMR (100 

MHz, CDCl3) δ 143.8, 143.3, 139.0, 132.9, 129.7, 127.7, 125.9, 124.7, 121.7, 107.5, 

61.9, 56.7, 45.1, 44.3, 21.5; HRMS-ESI Calcd for [C17H21N2O4S]+ (M + H+) 349.1217, 

found 349.1218. 

 

 

2q 

Compound 2q was obtained in 70% yield (59.3 mg) according to the general 

procedure and purified by chromatography (petroleum ether/ethyl acetate = 10:1). 

Yellow solid. [α]D
20 = -47.0° (c = 2.0, CH2Cl2). 95% ee (determined by HPLC: 

Chiralpak OZH Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 13.544 

min (major), 17.459 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.61 – 7.50 (m, 4H), 

7.33 – 7.28 (m, 2H), 7.21 – 7.09 (m, 3H), 5.92 (dd, J = 4.4, 2.4 Hz, 1H), 5.52 (s, 1H), 

4.11 (dd, J = 12.0, 2.4 Hz, 1H), 4.00 (dd, J = 17.2, 4.4 Hz, 1H), 3.91 (s, 1H), 3.43 (s, 

3H), 3.18 (dt, J = 17.6, 2.0 Hz, 1H), 2.42 (dd, J = 12.0, 2.4 Hz, 1H); 13C NMR (100 

MHz, CDCl3) δ 138.3, 135.1, 133.9, 132.4, 129.2, 128.6, 128.0(0), 127.9(7), 125.6, 

123.7, 62.0, 56.4, 45.3, 44.7; HRMS-ESI Calcd for [C18H20BrN2O3S]+ (M + H+) 

423.0373, found 423.0374. 

 

 

2r 

Compound 2r was obtained in 63% yield (47.2 mg) according to the general 

procedure and purified by chromatography (petroleum ether/ethyl acetate = 8:1). 

Colorless oil. [α]D
20 = -53.6° (c = 2.0, CH2Cl2). 95% ee (determined by HPLC: 
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Chiralpak OZH Column, 30/70 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 16.982 

min (major), 22.383 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.63 (d, J = 8.8 Hz, 

2H), 7.31 (d, J = 7.2 Hz, 2H), 7.20 – 7.07 (m, 3H), 6.85 (d, J = 8.8 Hz, 2H), 5.93 (dd, 

J = 4.4, 2.4 Hz, 1H), 5.57 (s, 1H), 4.09 (dd, J = 12.0, 1.6 Hz, 1H), 3.98 (dd, J = 17.2, 

4.4 Hz, 1H), 3.91 (s, 1H), 3.71 (s, 3H), 3.43 (s, 3H), 3.14 (d, J = 17.2 Hz, 1H), 2.37 

(dd, J = 12.0, 2.4 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 163.1, 138.4, 133.7, 129.8, 

128.6, 127.9, 127.5, 125.6, 124.0, 114.2, 62.0, 56.4, 55.6, 45.4, 44.8; HRMS-ESI 

Calcd for [C19H23N2O4S]+ (M + H+) 375.1373, found 375.1375. 

 

 

 

2s 

Compound 2s was obtained in 42% yield (24.9 mg) according to the general 

procedure and purified by chromatography (petroleum ether/ethyl acetate = 10:1). 

Colorless oil. [α]D
20 = -39.1° (c = 1.0, CH2Cl2). 71% ee (determined by HPLC: 

Chiralpak OZH Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 10.898 

min (major), 13.568 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.68 (d, J = 8.0 Hz, 

2H), 7.31 (d, J = 8.0 Hz, 2H), 5.48 (s, 1H), 4.00 (dd, J = 12.0, 2.0 Hz, 1H), 3.85 (d, J 

= 16.0 Hz, 1H), 3.55 (s, 3H), 3.35 (s, 1H), 3.08 (dd, J = 16.0, 2.0 Hz, 1H), 2.48 – 2.38 

(m, 4H), 1.77 (d, J = 1.6 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 143.6, 133.0, 131.1, 

129.6, 127.7, 121.6, 61.6, 58.5, 44.9, 44.7, 21.5, 21.0; HRMS-ESI Calcd for 

[C14H21N2O3S]+ (M + H+) 297.1267, found 297.1269. 
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2t 

Compound 2t was obtained in 64% yield (55.6 mg) according to the general 

procedure and purified by chromatography (petroleum ether/ethyl acetate = 10:1). 

White solid. [α]D
20 = -58.7° (c = 2.0, CH2Cl2). 92% ee (determined by HPLC: 

Chiralpak OZH Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 15.311 

min (major), 17.454 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.59 (d, J = 8.4 Hz, 

2H), 7.23 – 7.06 (m, 12H), 5.89 (dd, J = 4.4, 2.4 Hz, 1H), 5.59 (s, 1H), 4.66 (d, J = 

12.0 Hz, 1H), 4.55 (d, J = 12.0 Hz, 1H), 4.21 (dd, J = 11.6, 1.6 Hz, 1H), 3.98 (dd, J = 

17.6, 4.4 Hz, 1H), 3.82 (s, 1H), 3.13 (d, J = 17.6 Hz, 1H), 2.35 (dd, J = 12.0, 2.4 Hz, 

1H), 2.27 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 143.8, 138.2(3), 138.2(1), 133.7, 

132.9, 129.7, 128.6, 128.4, 128.3, 127.8, 127.7, 125.5, 123.7, 76.2, 56.9, 45.4, 44.7, 

21.5; HRMS-ESI Calcd for [C25H27N2O3S]+ (M + H+) 435.1737, found 435.1736. 

 

 

2u 

Compound 2u was obtained in 51% yield (38.0 mg) according to the general 

procedure and purified by chromatography (petroleum ether/ethyl acetate = 10:1). 

Colorless oil. [α]D
20 = -85.2° (c = 0.8, CH2Cl2). 94% ee (determined by HPLC: 

Chiralpak OZH Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 14.371 

min (major), 18.042 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.75 (d, J = 8.0 Hz, 

2H), 7.45 (d, J = 7.2 Hz, 2H), 7.36 – 7.28 (m, 5H), 6.09 (dd, J = 4.0, 2.4 Hz, 1H), 4.29 

(dd, J = 11.6, 2.4 Hz, 1H), 4.16 (dd, J = 17.6, 4.4 Hz, 1H), 4.09 (s, 1H), 3.82 (q, J = 

6.8 Hz, 2H), 3.32 (d, J = 17.4 Hz, 1H), 2.58 (dd, J = 11.6, 1.6 Hz, 1H), 2.44 (s, 3H), 

1.16 (t, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3)δ 143.8, 138.5, 133.7, 132.8, 

129.7, 128.6, 127.9, 127.8, 125.7, 124.3, 69.6, 56.7, 45.5, 44.8, 21.5, 14.2; 

HRMS-ESI Calcd for [C20H25N2O3S]+ (M + H+) 373.1580, found 373.1580. 



S23 
 

 

2v 

Compound 2v was obtained in 25% yield (22.9 mg) according to the general 

procedure and purified by chromatography (petroleum ether/ethyl acetate = 10:1). 

Colorless oil. [α]D
20 = -36.4° (c = 2.0, CH2Cl2). 44% ee (determined by HPLC: 

Chiralpak OZH Column, 10/90 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 8.816 min 

(minor), 10.167 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.76 (d, J = 8.0 Hz, 2H), 

7.48 – 7.41 (m, 2H), 7.37 – 7.27 (m, 5H), 6.03 (dd, J = 4.4, 2.4 Hz, 1H), 5.16 (s, 1H), 

4.47 (d, J = 11.2 Hz, 1H), 4.13 (dd, J = 17.6, 4.0 Hz, 1H), 3.82 (s, 1H), 3.36 (dt, J = 

17.2, 2.0 Hz, 1H), 2.53 (dd, J = 11.6, 1.6 Hz, 1H), 2.44 (s, 3H), 0.88 (s, 9H), 0.06 (s, 

3H), 0.05 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 143.7, 139.3, 134.8, 133.4, 129.7, 

128.3, 127.8, 127.6, 126.1, 124.0, 59.1, 45.3, 43.7, 26.2, 21.5, 17.9, -5.3, -5.4; 

HRMS-ESI Calcd for [C24H35N2O3SSi]+ (M + H+) 459.2132, found 459.2133. 

 

4.2 General procedure for the synthesis of chiral hydroxylamine ethers 4: 

 

Ni(OTf)2 (0.02 mmol, 7.1 mg), L5 (0.03 mmol, 10.0 mg) and DME (4 mL) were 

introduced into an oven-dried Schlenk tube under nitrogen atmosphere. The resultant 

solution was stirred at 25 °C under the N2 atmosphere for 0.5 h. Then, alkyne-oxime 

ethers 3 (0.2 mmol) and (EtO)2MeSiH (0.4 mmol, 64 uL) were introduced into the 

system. The resulting mixture was stirred at 70 oC (oil bath) for 72 h. Upon 

completion, the mixture was concentrated and the residue was purified 
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bychromatography on silica gel (eluent: hexanes/ethyl acetate) to afford the desired 

products 4. 

 

 

4a 

Compound 4a was obtained in 51% yield (63.3 mg) according to the general 

procedure and purified by chromatography (petroleum ether/ethyl acetate = 5:1). Pale 

yellow oil. [α]D
20 = -33.5° (c = 2.5, CH2Cl2). 95% ee (determined by HPLC: 

Chiralpak ASH Column, 10/90 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 31.104 

min (minor), 38.144 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 8.4 Hz, 

2H), 7.45 (d, J = 8.4 Hz, 2H), 7.36 (d, J = 8.4 Hz, 2H), 7.30 (d, J = 8.4 Hz, 2H), 6.98 

(d, J = 7.2 Hz, 1H), 6.64 (d, J = 7.2 Hz, 1H), 6.57 (s, 1H), 6.07 (dd, J = 4.4, 2.4 Hz, 

1H), 5.72 (s, 1H), 5.09 (s, 2H), 4.27 (dd, J = 11.6, 1.6 Hz, 1H), 4.15 (dd, J = 17.2, 4.4 

Hz, 1H), 4.03 (s, 1H), 3.89 – 3.83 (m, 2H), 3.59 (s, 3H), 3.28 (d, J = 17.6 Hz, 1H), 

2.49 (dd, J = 11.6, 2.4 Hz, 1H), 2.44 (s, 3H), 2.29 (s, 3H), 2.13 (s, 3H), 1.76 – 1.65 (m, 

4H) 1.24 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 177.6, 156.9, 143.8, 138.2, 136.4, 

136.0, 133.3, 132.9, 130.2, 129.7, 128.1, 127.8, 125.7, 124.3, 123.5, 120.6, 111.8, 

67.8, 65.7, 62.0, 56.4, 45.5, 44.8, 42.1, 37.0, 25.1, 21.5, 21.4, 15.7; HRMS-ESI Calcd 

for [C35H45N2O6S]+ (M + H+) 621.2993, found 621.2996. 
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4b 

Compound 4b was obtained in 52% yield (61.5 mg) according to the general 

procedure and purified by chromatography (petroleum ether/ethyl acetate = 2:1). 

White solid. [α]D
20 = -36.4° (c = 2.5, CH2Cl2). 95% ee (determined by HPLC: 

Chiralpak OZH Column, 50/50 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 30.631 

min (major), 44.955 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 8.4 Hz, 

2H), 7.47 (d, J = 8.4 Hz, 2H), 7.38 – 7.33 (m, 3H), 7.29 (d, J = 8.0 Hz, 2H), 7.10 (dd, 

J = 8.8, 2.4 Hz, 1H), 6.72 (d, J = 8.8 Hz, 1H), 6.11 (dd, J = 4.4, 2.4 Hz, 1H), 5.72 (s, 

1H), 5.20 (s, 2H), 4.70 (s, 2H), 4.28 (dd, J = 12.0, 1.6 Hz, 1H), 4.16 (dd, J = 17.6, 4.4 

Hz, 1H), 4.04 (s, 1H), 3.59 (s, 3H), 3.30 (d, J = 17.6 Hz, 1H), 2.52 (dd, J = 12.0, 2.4 

Hz, 1H), 2.44 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 167.9, 152.3, 143.8, 138.9, 

134.5, 133.3, 132.9, 130.3, 129.7, 128.7, 127.7, 127.5, 127.1, 125.8, 124.6, 124.2, 

114.7, 66.7, 66.3, 62.0, 56.4, 45.4, 44.7, 21.5; HRMS-ESI Calcd for 

[C28H29Cl2N2O6S]+ (M + H+) 591.1118, found 591.1120. 

 

 

4c 

Compound 4c was obtained in 52% yield (66.4 mg) according to the general 

procedure and purified by chromatography (petroleum ether/ethyl acetate = 2:1). 

White solid. [α]D
20 = -35.6° (c = 2.5, CH2Cl2). 94% ee (determined by HPLC: 
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Chiralpak ADH Column, 50/50 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 39.377 

min (major), 53.527 min (minor)). 1H NMR (400 MHz, CDCl3) δ 8.11 (d, J = 2.4 Hz, 

1H), 7.87 (dd, J = 7.6, 0.8 Hz, 1H), 7.74 (d, J = 8.0 Hz, 2H), 7.58 – 7.52 (m, 1H), 7.48 

– 7.44 (m, 3H), 7.41 (dd, J = 8.4, 2.4 Hz, 1H), 7.37 – 7.33 (m, 3H), 7.30 (d, J = 8.4 

Hz, 2H), 7.01 (d, J = 8.4 Hz, 1H), 6.09 (dd, J = 4.4, 2.4 Hz, 1H), 5.71 (s, 1H), 5.17 (s, 

2H), 5.12 (s, 2H), 4.27 (dd, J = 12.0, 1.6 Hz, 1H), 4.15 (dd, J = 17.6, 4.4 Hz, 1H), 

4.04 (s, 1H), 3.68 (s, 2H), 3.59 (s, 3H), 3.29 (d, J = 17.6 Hz, 1H), 2.51 (dd, J = 12.0, 

2.4 Hz, 1H), 2.43 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 190.8, 171.2, 160.4, 143.8, 

140.3, 138.5, 136.3, 135.5, 135.3, 133.3, 132.9, 132.8, 132.4, 129.7, 129.4, 129.2, 

128.5, 127.8, 127.7, 127.5, 125.8, 125.1, 124.4, 121.0, 73.6, 66.3, 62.0, 56.4, 45.4, 

44.7, 40.1, 21.5; HRMS-ESI Calcd for [C36H35N2O7S]+ (M + H+) 639.2159, found 

639.2159. 

 

 

4d 

Compound 4d was obtained in 46% yield (48.3 mg) according to the general 

procedure and purified by chromatography (petroleum ether/ethyl acetate = 10:1). 

Pale yellow oil. [α]D
20 = -39.8° (c = 1.9, CH2Cl2). 86% ee (determined by HPLC: 

Chiralpak OZH Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 18.042 

min (major), 23.713 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 8.0 Hz, 

2H), 7.44 (d, J = 8.0 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 6.08 

(dd, J = 4.0, 2.4 Hz, 1H), 5.71 (s, 1H), 5.38 (dd, J = 6.8, 6.0 Hz, 1H), 5.09 (t, J = 6.8 

Hz, 1H), 4.47 (s, 2H), 4.25 (dd, J = 11.6, 1.6 Hz, 1H), 4.13 (dd, J = 17.6, 4.0 Hz, 1H), 

4.08 – 3.97 (m, 3H), 3.59 (s, 3H), 3.30 (d, J = 17.2 Hz, 1H), 2.53 (dd, J = 11.6, 2.4 Hz, 

1H), 2.43 (s, 3H), 2.12 – 1.99 (m, 4H), 1.67 (s, 3H), 1.64 (s, 3H), 1.59 (s, 3H); 13C 
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NMR (100 MHz, CDCl3) δ 143.8, 140.5, 138.4, 137.7, 133.5, 132.9, 131.6, 129.7, 

128.1, 127.8, 125.6, 123.9(2), 123.8(7), 120.7, 71.5, 66.7, 62.0, 56.5, 45.5, 44.8, 39.6, 

26.3, 25.7, 21.5, 17.7, 16.5; HRMS-ESI Calcd for [C30H41N2O4S]+ (M + H+) 525.2782, 

found 525.2780. 

 

 

4e 

Compound 4e was obtained in 61% yield (70.4 mg) according to the general 

procedure and purified by chromatography (petroleum ether/ethyl acetate = 8:1). Pale 

yellow oil. [α]D
20 = -32.6° (c = 2.5, CH2Cl2). >20:1 dr. 1H NMR (400 MHz, CDCl3) δ 

7.74 (d, J = 8.0 Hz, 2H), 7.41 (d, J = 8.0 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 7.23 – 

7.15 (m, 4H), 7.08 (d, J = 8.0 Hz, 2H), 6.08 (dd, J = 4.4, 2.4 Hz, 1H), 5.72 (s, 1H), 

5.10 (d, J = 12.8 Hz, 1H), 5.06 (d, J = 12.8 Hz, 1H), 4.27 (d, J = 10.4 Hz, 1H), 4.16 

(dd, J = 17.2, 4.4 Hz, 1H), 4.04 (s, 1H), 3.74 (q, J = 6.8 Hz, 1H), 3.60 (s, 3H), 3.30 (d, 

J = 17.2 Hz, 1H), 2.51 (dd, J = 11.6, 2.4 Hz, 1H), 2.48 – 2.40 (m, 5H), 1.88 – 1.80 (m, 

1H), 1.50 (d, J = 6.8 Hz, 3H), 0.90 (d, J = 6.4 Hz, 6H); 13C NMR (100 MHz, CDCl3) 

δ 174.4, 143.8, 140.5, 138.2, 137.5, 135.7, 133.3, 132.8, 129.7, 129.2, 128.0, 127.7, 

127.1, 125.6, 124.2, 65.8, 62.0, 56.4, 45.4, 45.0, 44.9, 44.7, 30.1, 22.3, 21.5, 18.3; 

HRMS-ESI Calcd for [C33H41N2O5S]+ (M + H+) 577.2731, found 577.2732. 
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4f 

Compound 4f was obtained in 50% yield (60.1 mg) according to the general 

procedure and purified by chromatography (petroleum ether/ethyl acetate = 3:1). 

White solid. [α]D
20 = -34.2° (c = 2.0, CH2Cl2). >20:1 dr. 1H NMR (400 MHz, CDCl3) 

δ 7.74 (d, J = 8.4 Hz, 2H), 7.71 – 7.61 (m, 3H), 7.43 – 7.31 (m, 5H), 7.19 (d, J = 8.4 

Hz, 2H), 7.14 – 7.10 (m, 2H), 6.05 (dd, J = 4.4, 2.4 Hz, 1H), 5.71 (s, 1H), 5.12 (d, J = 

12.8 Hz, 1H), 5.06 (d, J = 12.8 Hz, 1H), 4.27 (dd, J = 12.0, 1.6 Hz, 1H), 4.12 (dd, J = 

17.6, 4.4 Hz, 1H), 4.02 (s, 1H), 3.93 – 3.87 (m, 4H), 3.59 (s, 3H), 3.29 (d, J = 17.2 Hz, 

1H), 2.50 (dd, J = 11.6, 2.4 Hz, 1H), 2.44 (s, 3H), 1.59 (d, J = 7.2 Hz, 3H); 13C NMR 

(100 MHz, CDCl3) δ 174.4, 157.6, 143.8, 138.2, 135.6, 135.4, 133.6, 133.3, 132.8, 

129.7, 129.2, 128.8, 128.1, 127.7, 127.1, 126.2, 125.9, 125.6, 124.3, 118.9, 105.5, 

66.0, 62.0, 56.4, 55.2, 45.4(2), 45.3(7), 44.7, 21.5, 18.4; HRMS-ESI Calcd for 

[C34H37N2O6S]+ (M + H+) 601.2367, found 601.2367. 

 

4.3 Gram scale experiment for the synthesis of 2a: 

 

Ni(OTf)2 (0.6 mmol, 214.1 mg), L5 (0.9 mmol, 300.1 mg) and DME (60 mL) were 

introduced into an oven-dried Schlenk tube under nitrogen atmosphere. The resultant 

solution was stirred at 25 °C under the N2 atmosphere for 0.5 h. Then, alkyne-oxime 

ether 1a (6 mmol) and (EtO)2MeSiH (12 mmol, 1.92 mL) were introduced into the 
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system. The resulting mixture was stirred at 70 oC (oil bath) for 72 h. Upon 

completion, the mixture was concentrated and the residue was purified 

bychromatography on silica gel (eluent: hexanes/ethyl acetate) to afford the desired 

product 2a (1.20g, 56%, 95% ee). 
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5. Crystal Date 

Crystal data and structure refinement for 2q. CCDC Number = 2524659. 

Single crystals suitablefor X-ray diffraction were obtained by slow evaporation of the 

solvent from apetroleum ether/ dichloromethane (3:1) solution of compound 2q 

(CCDC 2524659) within 3 days under aerobic conditions. 
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7. HPLC Chromatograms 

2a: OZH i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 
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2b: OZH, i-PrOH/hexane = 30/70, v = 1.0 mL/min, λ = 254 nm 
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2c: OZH, i-PrOH/hexane = 30/70, v = 1.0 mL/min, λ = 254 nm 
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2d: ASH, i-PrOH/hexane = 5/95, v = 1.0 mL/min, λ = 254 nm 
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2e: OZH, i-PrOH/hexane = 30/70, v = 1.0 mL/min, λ = 254 nm 
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2f: OZH, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 
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2g: OZH, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 
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2h: OZH, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 



S40 
 

2i: OZH, i-PrOH/hexane = 25/75, v = 1.0 mL/min, λ = 254 nm 
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2j: OZH, i-PrOH/hexane =35/65, v = 1.0 mL/min, λ = 254 nm 
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2k: OZH, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 
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2l: OZH, i-PrOH/hexane = 30/70, v = 1.0 mL/min, λ = 254 nm 

 

 

 

 

 



S44 
 

2m: OZH, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 
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2n: OZH, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 
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2o: OZH, i-PrOH/hexane = 25/75, v = 1.0 mL/min, λ = 254 nm 
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2p: OZH, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 



S48 
 

2q: OZH, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 
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2r: OZH, i-PrOH/hexane = 30/70, v = 1.0 mL/min, λ = 254 nm 
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2s: OZH, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 
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2t: OZH, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 
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2u: OZH, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 
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2v: OZH, i-PrOH/hexane = 10/90, v = 1.0 mL/min, λ = 254 nm 
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4a: ASH, i-PrOH/hexane = 10/90, v = 1.0 mL/min, λ = 254 nm 
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4b: OZH, i-PrOH/hexane = 50/50, v = 1.0 mL/min, λ = 254 nm 
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4c: ADH, i-PrOH/hexane = 50/50, v = 1.0 mL/min, λ = 254 nm 
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4d: OZH, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 

 

8. NMR Spectra 
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1 Title 

2 Origin 

3 Sol vent 

4 Temperature 

5 Number of Scans 

6 Acquisition Time 

Value 

qlj-11-152-11 

Bruker BioSpin Gmbll 

CDC13 

291. 7

16 

3.9977 

7 Acquisition Date 2026-03-21T12:07:57 

8 Spectrometer Frequency 400. 25 

9 Spectral Width 8196. 7 

10 Lowest frequency 

11 Nucleus 

12 Acquired Size 

13 Spectral Size 

11. 5 11. 0 10. 5 10.0 

-1626. 8

111 

32768 
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