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[a] Reaction conditions: E1 (0.05 mmol), N1 (0.05 mmol), Cu(HFac)2 (5 mol%), L (5 mol%) and Cs2CO3 

(4.0 equiv.) in Et2O (1.0 mL) at 15 °C for 16 h under argon (Ar). Yields were based on 1H NMR analysis 

using 1,3,5-trimethoxybenzene as an internal standard. Ee values were based on HPLC analysis. 

Scheme S1. Effect of ligands in the reaction.[a]  
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Table S1: Investigation of bases for the model reaction.[a] 

 
 

Entry Base Conv. of E1 Yield of 1 [%] Ee of 1 [%] 
1 LiOtBu 87 78 93 
2 NaOtBu >99 65 87 
3 KOtBu >99 0 - 
4 Na2CO3 0 0 - 
5 K2CO3 30 28 95 
6 Cs2CO3 >99 >95 93 
7 K3PO4 79 73 93 
8 LiOH 45 40 93 
9 NaOH 55 50 93 
10 Et3N 0 0 - 

 

[a] Reaction conditions: E1 (0.05 mmol), N1 (0.05 mmol), Cu(HFac)2 (5 mol %), L5 (5 mol %), and 

base (4.0 equiv.) in Et2O (1.0 mL) at 15 C for 16 h under argon; yield of 1 was based on 1H NMR 

analysis of the crude product using 1,3,5-trimethoxybenzene as an internal standard; ee was determined 

by analysis of chiral HPLC measurement. HFac, hexafluoroacetylacetonate; PCP, 4-cyanophenyl. 
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Table S2: Investigation of solvents for the model reaction.[a] 

 
 

Entry Solvent Conv. of E1 Yield of 1 [%] Ee of 1 [%] 
1 Et2O >99 >95 93 
2 iPr2O 42 39 95 
3 nBu2O 42 38 95 
4 PhCF3 50 49 89 
5 toluene 25 25 91 
6 EtOAc 96 87 90 
7 THF 82 82 87 
8 hexane trace 0 - 
9 DCM 24 24 76 
10 DMF >99 0 - 

 

[a] Reaction conditions: E1 (0.05 mmol), N1 (0.05 mmol), Cu(HFac)2 (5 mol %), L5 (5 mol %), and 

Cs2CO3 (4.0 equiv.) in solvent (1.0 mL) at 15 C for 16 h under argon; yield of 1 was based on 1H NMR 

analysis of the crude product using 1,3,5-trimethoxybenzene as an internal standard; ee was determined 

by analysis of chiral HPLC measurement. HFac, hexafluoroacetylacetonate. PCP, 4-cyanophenyl. THF, 

tetrahydrofuran. DCM, dichloromethane; DMF, N,N-dimethyl formamide.  
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Table S3: Investigation of copper salts for the model reaction.[a] 

 

 
 

Entry [Cu] Conv. of E1 Yield of 1 [%] Ee of 1 [%] 
1 Cu(HFac)2 >99 >95 93 
2 CuI 23 17 93 
3 CuBr 45 31 93 
4 CuTc 13 13 94 
5 Cu(PPh3)3Br 29 20 60 
6 Cu(CH3CN)4PF6 10 10 94 
7 Cu(OTf)2 45 38 94 
8 Cu(OAc)2 37 30 94 
9 Cu(CO2CF3)2 62 62 94 

 

[a] Reaction conditions: E1 (0.05 mmol), N1 (0.05 mmol), Cu (5 mol %), L5 (5 mol %), and Cs2CO3 

(4.0 equiv.) in Et2O (1.0 mL) at 15 C for 16 h under argon; yield of 1 was based on 1H NMR analysis 

of the crude product using 1,3,5-trimethoxybenzene as an internal standard; ee was determined by 

analysis of chiral HPLC measurement. PCP, 4-cyanophenyl; HFac, hexafluoroacetylacetonate; Tc, 

thiophene-2-carboxylate; Tf, triflate. 
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Figure S1. Crystal structure of 9. 
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Figure S2. Crystal structure of 12. 
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Figure S3. Crystal structure of 15. 
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Figure S4. Crystal structure of (S)-E1.  
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Figure S5. Spin trap study. 

Room Temperature Q-band CW-EPR spectra of the spin trap study. g = 2.0061; AH = 
22.00 G; AN = 14.11 G. EPR acquisition parameters: temperature = 298 K; MW power 
= 40 dB; modulation amplitude = 0.5 G. conversion time = 20 ms. 
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General information 

Most of reactions were carried out under argon atmosphere using Schlenk techniques. 
Reagents were purchased at the highest commercial quality and used without further 
purification, unless otherwise stated. CH2Cl2, THF and DMF were purified and dried 
using a solvent-purification system that contained activated alumina under argon. 
Copper(II) hexafluoroacetylacetonate (Cu(HFac)2, CAS No. 14781-45-4) was 
purchased from TCI. K3PO4 was purchased from Shanghai Titan Scientific Co. Ltd. and 
Cs2CO3 was purchased from Leyan., both of them were treated by hot gun (approximate 
500 to 600 °C) for 5 minutes in vacuum. Anhydrous diethyl ether (Et2O) was purchased 
from Shanghai Lingfeng Chemical Reagent Co. Ltd, which was treated by 4 Å 
Molecular sieve and distilled after refluxing with sodium and benzophenone. Analytical 
thin layer chromatography (TLC) was performed on precoated silica gel 60 GF254 
plates. Flash column chromatography was performed using Tsingdao silica gel (60, 
particle size 0.040–0.063 mm). As the eluent, the petroleum ether (PE), hexane, ethyl 
acetate (EtOAc), dichloromethane (CH2Cl2) and methanol were purchased from 
Shanghai Titan Scientific Co. Ltd without further purification. Visualization on TLC 
was achieved by use of UV light (254 nm), iodine on silica gel or basic KMnO4 indicator. 
NMR spectra were recorded on Bruker DRX-400 and DPX-600 spectrometers at 400 
or 600 MHz for 1H NMR, 100 or 150 MHz for 13C NMR, 376 MHz for 19F NMR and 
162 MHz or 243 MHz for 31P NMR, respectively, in CDCl3, CD3OD, C6D6, D2O or 
DMSO-d6 with tetramethylsilane (TMS) as internal standard. The chemical shifts are 
expressed in ppm and coupling constants are given in Hz. Data for 1H NMR are 
recorded as follows: chemical shift (ppm), multiplicity (s, singlet; d, doublet; t, triplet; 
q, quarter; p, pentet, m, multiplet; br, broad), coupling constant (Hz), integration. Data 
for 13C NMR are reported in terms of chemical shift (δ, ppm). Mass spectrometric data 
were obtained using Bruker Apex IV RTMS. Enantiomeric excess (ee) value was 
determined using Agilent high-performance liquid chromatography (HPLC) with a 
Hatachi detector (at appropriate wavelength) or SHIMADZU LC-20AD with SPD-
20AV detector. Column conditions are reported in the experimental section below. 
Specific optical rotation was measured on a Rudolph-Autopol I. X-ray diffraction was 
measured on a 'Bruker APEX-II CCD' diffractometer with Cu–Kα radiation. Q-band 
continuous-wave (CW) EPR spectra was recorded on a Bruker ELEXSYS-II 
spectrometer at room temperature. 
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Asymmetric cross-coupling of tertiary halides 

 
General procedure A: Under argon atmosphere, an oven-dried resealable Schlenk tube 
equipped with a magnetic stir bar was charged with 4,4'-sulfonimidoyldibenzonitrile 
(53.4 mg, 0.20 mmol, 1.0 equiv.), Cu(HFac)2 (4.4 mg, 0.010 mmol, 5.0 mol%), L5 (4.3 
mg, 0.010 mmol, 5.0 mol%), Cs2CO3 (6.5 mg, 0.020 mmol, 10.0 mol%), K3PO4 (169.6 
mg, 0.80 mmol, 4.0 equiv.) and anhydrous Et2O (2.0 mL). Then, tertiary halide (0.20 
mmol, 1.0 equiv.) was added into the mixture and stirred at room temperature for 16 to 
36 h. Upon completion (monitored by TLC), the precipitate was filtered off and washed 
by EtOAc. The filtrate was evaporated and the residue was purified by column 
chromatography on silica gel to afford the desired product. 
 

 
General procedure B: Under argon atmosphere, an oven-dried resealable Schlenk tube 
equipped with a magnetic stir bar was charged with 4,4'-sulfonimidoyldibenzonitrile 
(53.4 mg, 0.20 mmol, 1.0 equiv.), Cu(HFac)2 (4.4 mg, 0.010 mmol, 5.0 mol%), L5 (4.3 
mg, 0.010 mmol, 5.0 mol%), Cs2CO3 (260.8 mg, 0.80 mmol, 4.0 equiv.) and anhydrous 
iPr2O (2.0 mL). Then, tertiary halide (0.20 mmol, 1.0 equiv.) was added into the mixture 
and stirred at room temperature for 36 h. Upon completion (monitored by TLC), the 
precipitate was filtered off and washed by EtOAc. The filtrate was evaporated and the 
residue was purified by column chromatography on silica gel to afford the desired 
product. 
 

The synthesis of tertiary alkyl halides 
All the tertiary alkyl halides were synthesized according to the reported literature.[1] All 
the characterization data are consistent with those in the reported literature.  
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(R)-2-((Bis(4-cyanophenyl)(oxo)-λ6-sulfaneylidene)amino)-N-(naphthalen-1-yl)-2-
phenylpropanamide (1) 

 

According to General procedure A with 2-chloro-N-(naphthalen-1-yl)-2-
phenylpropanamide (61.8 mg, 0.20 mmol, 1.0 equiv.) for 16 h, the reaction mixture was 
purified by column chromatography on silica gel (CH2Cl2/EtOAc= 50/1) to yield the 
product 1 as a white amorphous solid (99.4 mg, 92% yield, 92% ee). 
HPLC analysis: Chiralcel IE (hexane/i-PrOH = 40/60, flow rate 1.0 mL/min, λ = 254 
nm), tR (major) = 26.19 min, tR (minor) = 41.18 min. 
1H NMR (400 MHz, CDCl3) δ 9.96 (s, 1H), 8.22 – 8.16 (m, 3H), 7.90 (d, J = 8.2 Hz, 
1H), 7.82 (d, J = 8.2 Hz, 2H), 7.77 (d, J = 8.2 Hz, 2H), 7.75 – 7.65 (m, 2H), 7.59 (d, J 
= 8.2 Hz, 2H), 7.55 – 7.46 (m, 4H), 7.44 – 7.34 (m, 1H), 7.31 – 7.18 (m, 3H), 2.07 (s, 
3H). 
13C NMR (100 MHz, CDCl3) δ 172.8, 145.9, 145.6, 143.2, 134.1, 133.3, 132.9, 132.3, 
129.1, 128.8, 128.50, 128.47, 127.8, 126.5, 126.23, 126.15, 126.1, 125.9, 125.1, 119.8, 
118.5, 117.1, 117.04, 116.97, 116.4, 67.4, 26.4. 
HRMS (ESI) m/z calcd. for C33H25N4O2S [M + H]+ 541.1693, found 541.1695. 
 

(S)-2-((Bis(4-cyanophenyl)(oxo)-λ6-sulfaneylidene)amino)-N-(naphthalen-1-yl)-2-
phenylpropanamide (ent-1) 

 

According to General procedure A with 2-chloro-N-(naphthalen-1-yl)-2-
phenylpropanamide (61.8 mg, 0.20 mmol, 1.0 equiv.) and (R, R)-L5 for 16 h, the 
reaction mixture was purified by column chromatography on silica gel 
(CH2Cl2/EtOAc= 50/1) to yield the product ent-1 as a white amorphous solid (98.3 mg, 
91% yield, –92% ee). 
HPLC analysis: Chiralcel IE (hexane/i-PrOH = 40/60, flow rate 1.0 mL/min, λ = 254 
nm), tR (minor) = 28.55 min, tR (major) = 45.47 min. 
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Dimethyl 4,4'-((1-(naphthalen-1-ylamino)-1-oxo-2-phenylpropan-2-
yl)sulfonimidoyl)(R)-dibenzoate (2) 

 
According to General procedure A with 2-chloro-N-(naphthalen-1-yl)-2-
phenylpropanamide (61.8 mg, 0.20 mmol, 1.0 equiv.) and dimethyl 4,4'-
sulfonimidoyldibenzoate (66.6 mg, 0.20 mmol, 1.0 equiv.) for 16 h, the reaction mixture 
was purified by column chromatography on silica gel (CH2Cl2/EtOAc= 50/1) to yield 
the product 2 as a light yellow amorphous solid (99.4 mg, 82% yield, 88% ee). 
HPLC analysis: Chiralcel IA (hexane/i-PrOH = 50/50, flow rate 1.0 mL/min, λ = 254 
nm), tR (major) = 13.33 min, tR (minor) = 21.80 min. 
1H NMR (400 MHz, CDCl3) δ 10.32 (s, 1H), 8.31 – 8.25 (m, 1H), 8.23 – 8.14 (m, 4H), 
8.02 – 7.92 (m, 2H), 7.90 – 7.85 (m, 1H), 7.83 – 7.73 (m, 3H), 7.67 (d, J = 8.2 Hz, 1H), 
7.61 – 7.54 (m, 2H), 7.53 – 7.45 (m, 2H), 7.39 – 7.33 (m, 1H), 7.29 – 7.17 (m, 3H), 
3.98 (s, 3H), 3.94 (s, 3H), 2.06 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 173.4, 165.5, 165.4, 146.3, 145.9, 143.8, 134.2, 134.0, 
133.6, 132.6, 130.6, 130.2, 128.9, 128.3, 128.2, 127.9, 127.5, 126.4, 126.2, 126.08, 
126.07, 125.8, 124.7, 120.0, 118.1, 67.1, 52.8, 52.7, 26.0. 
HRMS (ESI) m/z calcd. for C35H31N2O6S [M + H]+ 607.1897, found 607.1892. 
 
(R)-N-(Naphthalen-1-yl)-2-((oxobis(4-(trifluoromethyl)phenyl)-λ6-
sulfaneylidene)amino)-2-phenylpropanamide (3) 

 
According to General procedure A with 2-chloro-N-(naphthalen-1-yl)-2-
phenylpropanamide (61.8 mg, 0.20 mmol, 1.0 equiv.) and iminobis(4-
(trifluoromethyl)phenyl)-λ6-sulfanone (70.6 mg, 0.20 mmol, 1.0 equiv.) for 16 h, the 
reaction mixture was purified by column chromatography on silica gel 
(CH2Cl2/EtOAc= 50/1) to yield the product 3 as a light yellow amorphous solid (108.9 
mg, 87% yield, 88% ee). 
HPLC analysis: Chiralcel IA (hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, λ = 254 
nm), tR (minor) = 10.70 min, tR (major) = 13.52 min. 
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1H NMR (400 MHz, CDCl3) δ 10.23 (s, 1H), 8.40 – 8.10 (m, 3H), 7.93 – 7.73 (m, 6H), 
7.69 (d, J = 8.2 Hz, 1H), 7.60 – 7.46 (m, 6H), 7.39 – 7.33 (m, 1H), 7.28 – 7.16 (m, 3H), 
2.09 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 173.2, 145.7, 145.1, 143.4, 134.9 (d, J = 33.2 Hz), 134.2 
(d, J = 34.2 Hz), 134.1, 132.5, 129.0, 128.7, 128.42, 128.35, 127.6, 126.7 (q, J = 3.7 
Hz), 126.4, 126.3 (q, J = 3.7 Hz), 126.2, 126.1, 126.0, 125.9, 124.9, 123.09 (q, J = 272.9 
Hz), 123.06 (q, J = 272.9 Hz), 119.9, 118.2, 67.3, 26.2. 
19F NMR (376 MHz, CDCl3) δ -63.12, -63.25. 
HRMS (ESI) m/z calcd. for C33H25F6N2O2S [M + H]+ 627.1535, found 627.1530. 
 
(R)-2-((Bis(4-cyanophenyl)(oxo)-λ6-sulfaneylidene)amino)-N,2-
diphenylpropanamide (4) 

 
According to General procedure A with 2-chloro-N,2-diphenylpropanamide (51.8 mg, 
0.20 mmol, 1.0 equiv.) for 16 h, the reaction mixture was purified by column 
chromatography on silica gel (CH2Cl2/EtOAc= 50/1) to yield the product 4 as a white 
amorphous solid (64.7 mg, 66% yield, 77% ee). 
HPLC analysis: Chiralcel IA (hexane/i-PrOH = 60/40, flow rate 1.0 mL/min, λ = 254 
nm), tR (major) = 13.11 min, tR (minor) = 15.71 min. 
1H NMR (400 MHz, CDCl3) δ 9.22 (s, 1H), 8.13 – 8.07 (m, 3H), 7.85 – 7.78 (m, 2H), 
7.74 – 7.68 (m, 2H), 7.62 – 7.50 (m, 4H), 7.46 – 7.39 (m, 2H), 7.38 – 7.30 (m, 2H), 
7.25 – 7.18 (m, 3H), 7.22 – 7.10 (m, 1H), 1.98 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 172.5, 145.8, 145.5, 143.2, 137.6, 133.3, 132.8, 129.1, 
128.7, 128.44, 128.39, 127.7, 126.4, 124.5, 119.5, 117.03, 116.97, 116.4, 67.0, 26.5. 
HRMS (ESI) m/z calcd. for C29H23N4O2S [M + H]+ 491.1536, found 491.1532. 
 
(R)-2-((Bis(4-cyanophenyl)(oxo)-λ6-sulfaneylidene)amino)-2-phenyl-N-(4-
(trifluoromethyl)phenyl)propenamide (5) 

 
According to General procedure A with 2-chloro-2-phenyl-N-(4-



S15 
 

(trifluoromethyl)phenyl)propanamide (65.4 mg, 0.20 mmol, 1.0 equiv.) for 16 h, the 
reaction mixture was purified by column chromatography on silica gel 
(CH2Cl2/EtOAc= 50/1) to yield the product 5 as a white amorphous solid (96.0 mg, 86% 
yield, 54% ee). 
HPLC analysis: Chiralcel IA (hexane/i-PrOH = 60/40, flow rate 0.7 mL/min, λ = 254 
nm), tR (major) = 15.77 min, tR (minor) = 28.07 min. 
1H NMR (400 MHz, CDCl3) δ 9.42 (s, 1H), 8.15 – 8.07 (m, 2H), 7.87 – 7.81 (m, 2H), 
7.75 – 7.63 (m, 4H), 7.63 – 7.52 (m, 4H), 7.45 – 7.38 (m, 2H), 7.26 – 7.20 (m, 3H), 
1.97 (s, 3H). 
 
13C NMR (100 MHz, CDCl3) δ 173.1, 145. 6, 145.4, 142.9, 140.6, 133.3, 132.9, 128.8, 
128.5, 128.4, 127.9, 126.31, 126.29 (m), 126.1 (q, J = 21.7 Hz), 124.1 (q, J = 271.6 Hz), 
119.2, 117.2, 116.9 (d, J = 5.8 Hz), 116.5, 67.0, 26.4. 
19F NMR (376 MHz, CDCl3) δ -62.06. 
HRMS (ESI) m/z calcd. for C30H22F3N4O2S [M + H]+ 559.1410, found 559.1407. 
 
(R)-2-((Bis(4-cyanophenyl)(oxo)-λ6-sulfaneylidene)amino)-2-phenyl-N-(p-
tolyl)propenamide (6) 

 
According to General procedure A with 2-chloro-2-phenyl-N-(p-tolyl)propanamide 
(54.6 mg, 0.20 mmol, 1.0 equiv.) for 16 h, the reaction mixture was purified by column 
chromatography on silica gel (CH2Cl2/EtOAc= 50/1) to yield the product 6 as a white 
amorphous solid (61.5 mg, 61% yield, 84% ee). 
HPLC analysis: Chiralcel IA (hexane/i-PrOH = 60/40, flow rate 1.0 mL/min, λ = 254 
nm), tR (major) = 17.08 min, tR (minor) = 41.89 min. 
1H NMR (400 MHz, CDCl3) δ 9.11 (s, 1H), 8.10 – 8.03 (m, 2H), 7.81 – 7.75 (m, 2H), 
7.72 – 7.65 (m, 2H), 7.58 – 7.51 (m, 2H), 7.43 – 7.36 (m, 4H), 7.21 – 7.14 (m, 3H), 
7.11 (d, J = 8.2 Hz, 2H), 2.31 (s, 3H), 1.94 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 172.4, 145.8, 145.5, 143.2, 135.1, 134.1, 133.3, 132.8, 
129.5, 128.7, 128.5, 128.4, 127.7, 126.4, 119.5, 117.0, 116.3, 66.9, 26.6, 20.9. 
HRMS (ESI) m/z calcd. for C30H25N4O2S [M + H]+ 505.1693, found 505.1688. 
 
(R)-2-((Bis(4-cyanophenyl)(oxo)-λ6-sulfanylidene)amino)-N-(4-methoxyphenyl)-
2-phenylpropanamide (7) 
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According to General procedure A with 2-chloro-N-(4-methoxyphenyl)-2-
phenylpropanamide (57.8 mg, 0.20 mmol, 1.0 equiv.) for 16 h, the reaction mixture was 
purified by column chromatography on silica gel (CH2Cl2/EtOAc= 50/1) to yield the 
product 7 as a white amorphous solid (79.0 mg, 76% yield, 95% ee). 
HPLC analysis: Chiralcel IF (hexane/i-PrOH = 30/70, flow rate 0.8 mL/min, λ = 254 
nm), tR (major) = 23.59 min, tR (minor) = 45.92 min. 
1H NMR (400 MHz, CDCl3) δ 9.11 (s, 1H), 8.09 (d, J = 8.4 Hz, 2H), 7.81 (d, J = 8.4 
Hz, 2H), 7.70 (d, J = 8.4 Hz, 2H), 7.57 (d, J = 8.4 Hz, 2H), 7.49 – 7.38 (m, 4H), 7.24 
– 7.18 (m, 3H), 6.87 (d, J = 8.9 Hz, 2H), 3.81 (s, 3H), 1.97 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 172.3, 156.5, 145.8, 145.5, 143.2, 133.3, 132.8, 130.8, 
128.8, 128.5, 128.4, 127.7, 126.4, 121.2, 117.1, 117.0, 116.3, 114.2, 66.9, 55.5, 26.5. 
HRMS (ESI) m/z calcd. for C30H25N4O3S [M + H]+ 521.1642, found 521.1646. 
 
(R)-2-((Bis(4-cyanophenyl)(oxo)-λ6-sulfaneylidene)amino)-2-(3-methoxyphenyl)-
N-(naphthalen-1-yl)propenamide (8) 

 
According to General procedure A with 2-chloro-2-(3-methoxyphenyl)-N-
(naphthalen-1-yl)propanamide (67.8 mg, 0.20 mmol, 1.0 equiv.) for 16 h, the reaction 
mixture was purified by column chromatography on silica gel (CH2Cl2/EtOAc= 30/1) 
to yield the product 8 as an amorphous solid (92.3 mg, 81% yield, 90% ee). 
HPLC analysis: Chiralcel IA (hexane/i-PrOH = 50/50, flow rate 1.0 mL/min, λ = 254 
nm), tR (minor) = 12.81 min, tR (major) = 15.85 min. 
1H NMR (400 MHz, CDCl3) δ 9.96 (s, 1H), 8.27 – 8.09 (m, 3H), 7.89 (d, J = 8.3 Hz, 
1H), 7.79 (dd, J = 12.9, 8.5 Hz, 4H), 7.75 – 7.71 (m, 1H), 7.69 (d, J = 8.2 Hz, 1H), 7.59 
(d, J = 8.5 Hz, 2H), 7.54 – 7.45 (m, 2H), 7.40 (ddd, J = 8.3, 6.8, 1.3 Hz, 1H), 7.22 – 
7.09 (m, 2H), 6.99 (t, J = 2.1 Hz, 1H), 6.73 (ddd, J = 7.9, 2.5, 1.1 Hz, 1H), 3.76 (s, 3H), 
2.06 (s, 3H). 
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13C NMR (100 MHz, CDCl3) δ 172.7, 159.5, 145.8, 145.5, 144.5, 134.1, 133.2, 132.8, 
132.3, 129.6, 129.1, 128.8, 128.5, 126.3, 126.2, 126.1, 125.9, 125.1, 119.8, 119.0, 118.6, 
117.07, 117.06, 117.0, 116.3, 113.4, 112.0, 67.3, 55.3, 26.5. 
HRMS (ESI) m/z calcd. for C34H27N4O3S [M + H]+ 571.1798, found 571.1796. 
 
(R)-2-((Bis(4-cyanophenyl)(oxo)-λ6-sulfaneylidene)amino)-N-(naphthalen-1-yl)-2-
(p-tolyl)propenamide (9) 

 
According to General procedure A with 2-chloro-N-(naphthalen-1-yl)-2-(p-
tolyl)propanamide (64.6 mg, 0.20 mmol, 1.0 equiv.) for 16 h, the reaction mixture was 
purified by column chromatography on silica gel (CH2Cl2/EtOAc= 50/1) to yield the 
product 9 as an white amorphous solid (102.9 mg, 93% yield, 93% ee). 
HPLC analysis: Chiralcel IA (hexane/i-PrOH = 30/70, flow rate 0.7 mL/min, λ = 254 
nm), tR (minor) = 19.90 min, tR (major) = 29.01 min. 
1H NMR (400 MHz, CDCl3) δ 9.95 (s, 1H), 8.17 (dd, J = 7.6, 1.1 Hz, 1H), 8.14 (d, J 
= 8.6 Hz, 1H), 7.86 (dd, J = 8.4, 1.3 Hz, 1H), 7.76 (d, J = 8.6 Hz, 3H), 7.75 – 7.68 (m, 
3H), 7.64 (d, J = 8.1 Hz, 1H), 7.54 (d, J = 8.5 Hz, 2H), 7.51 – 7.42 (m, 2H), 7.39 – 
7.31 (m, 3H), 6.98 (d, J = 8.1 Hz, 2H), 2.28 (s, 3H), 2.02 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 173.0, 145.9, 145.7, 140.1, 137.6, 134.1, 133.2, 132.8, 
132.4, 129.09, 129.05, 128.9, 128.5, 126.4, 126.2, 126.14, 126.08, 125.9, 125.1, 
119.8, 118.5, 117.1, 117.01, 116.99, 116.2, 67.3, 26.5, 21.0. 
HRMS (ESI) m/z calcd. for C34H26N4O2SNa [M + Na]+ 577.1669, found 577.1669. 
 
(R)-2-((Bis(4-cyanophenyl)(oxo)-λ6-sulfaneylidene)amino)-2-(4-isobutylphenyl)-
N-(naphthalen-1-yl)propenamide (10) 

 
According to General procedure A with 2-chloro-2-(4-isobutylphenyl)-N-
(naphthalen-1-yl)propanamide (73.0 mg, 0.20 mmol, 1.0 equiv.) for 16 h, the reaction 
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mixture was purified by column chromatography on silica gel (CH2Cl2/EtOAc= 50/1) 
to yield the product 10 as an white amorphous solid (113.0 mg, 98% yield, 90% ee). 
HPLC analysis: Chiralcel IE (hexane/i-PrOH = 30/70, flow rate 1.0 mL/min, λ = 230 
nm), tR (major) = 41.18 min, tR (minor) = 66.94 min. 
1H NMR (400 MHz, CDCl3) δ 9.91 (s, 1H), 8.22 – 8.08 (m, 3H), 7.85 (dd, J = 8.2, 1.2 
Hz, 1H), 7.76 (dd, J = 8.6, 1.9 Hz, 4H), 7.70 – 7.57 (m, 2H), 7.53 (d, J = 8.5 Hz, 2H), 
7.50 – 7.30 (m, 5H), 6.98 (d, J = 8.2 Hz, 2H), 2.40 (d, J = 7.1 Hz, 2H), 2.03 (s, 3H), 
1.80 (dp, J = 13.5, 6.8 Hz, 1H), 0.90 (dd, J = 6.7, 1.1 Hz, 6H). 
13C NMR (100 MHz, CDCl3) δ 173.0, 146.0, 145.7, 141.4, 140.4, 134.1, 133.2, 132.8, 
132.4, 129.14, 129.08, 128.9, 128.5, 126.3, 126.2, 126.13, 126.06, 125.9, 125.0, 119.0, 
118.5, 117.1, 117.02, 116.96, 116.3, 67.3, 44.9, 30.1, 26.6, 22.4. 
HRMS (ESI) m/z calcd. for C37H33N4O2S [M + H]+ 597.2319, found 597.2315. 
 
(R)-2-((Bis(4-cyanophenyl)(oxo)-λ6-sulfaneylidene)amino)-2-(3-fluorophenyl)-N-
(naphthalen-1-yl)propenamide (11) 

 
According to General procedure B with 2-chloro-2-(3-fluorophenyl)-N-(naphthalen-
1-yl)propanamide (65.4 mg, 0.20 mmol, 1.0 equiv.) for 36 h, the reaction mixture was 
purified by column chromatography on silica gel (CH2Cl2/EtOAc= 50/1) to yield the 
product 11 as a yellow oil (98.2 mg, 88% yield, 92% ee). 
HPLC analysis: Chiralcel IA (hexane/i-PrOH = 70/30, flow rate 1.0 mL/min, λ = 254 
nm), tR (minor) = 18.197 min, tR (major) = 21.701 min. 
1H NMR (400 MHz, CDCl3) δ 9.92 (s, 1H), 8.33 – 8.10 (m, 3H), 7.90 (dd, J = 8.3, 1.3 
Hz, 1H), 7.87 – 7.78 (m, 4H), 7.74 – 7.67 (m, 2H), 7.67 – 7.60 (m, 2H), 7.56 – 7.45 (m, 
2H), 7.44 – 7.37 (m, 1H), 7.35 – 7.29 (m, 1H), 7.29 – 7.17 (m, 2H), 6.93 (tdd, J = 8.2, 
2.5, 1.0 Hz, 1H), 2.04 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 172.3, 162.7 (d, J = 246.5 Hz), 145.9 (d, J = 6.6 Hz), 
145.7, 145.5, 134.1, 133.4, 133.0, 132.2, 130.1 (d, J = 8.2 Hz), 129.1, 128.7, 128.5, 
126.3, 126.3, 126.03, 126.00, 125.3, 122.2 (d, J = 2.9 Hz), 119.7, 118.7, 117.3, 116.94, 
116.92, 116.7, 114.7 (d, J = 21.0 Hz), 113.8 (d, J = 22.7 Hz), 67.02, 67.00, 26.4. 
19F NMR (376 MHz, CDCl3) δ –112.0 – –112.2 (m). 
HRMS (ESI) m/z calcd. for C33H24FN4O2S [M + H]+ 559.1599, found 559.1598. 
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(R)-2-((Bis(4-cyanophenyl)(oxo)-λ6-sulfaneylidene)amino)-2-(4-chlorophenyl)-N-
(naphthalen-1-yl)propenamide (12) 

 
According to General procedure A with 2-chloro-2-(4-chlorophenyl)-N-(naphthalen-
1-yl)propanamide (68.6 mg, 0.20 mmol, 1.0 equiv.) for 16 h, the reaction mixture was 
purified by column chromatography on silica gel (CH2Cl2/EtOAc= 50/1) to yield the 
product 12 as a light yellow amorphous solid (101.1 mg, 88% yield, 90% ee). 
HPLC analysis: Chiralcel IA (hexane/i-PrOH = 50/50, flow rate 1.0 mL/min, λ = 254 
nm), tR (minor) = 15.116 min, tR (major) = 21.01 min. 
1H NMR (400 MHz, CDCl3) δ 9.89 (s, 1H), 8.26 – 8.06 (m, 3H), 7.91 – 7.85 (m, 1H), 
7.85 – 7.74 (m, 4H), 7.72 – 7.66 (m, 2H), 7.66 – 7.60 (m, 2H), 7.55 – 7.42 (m, 4H), 
7.41 – 7.34 (m, 1H), 7.19 (d, J = 8.6 Hz, 2H), 2.01 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 172.4, 145.8, 145.6, 141.8, 134.1, 133.8, 133.3, 133.0, 
132.1, 129.2, 128.7, 128.48, 128.45, 128.0, 126.2, 126.1, 126.0, 125.3, 119.6, 118.6, 
117.3, 116.9, 116.7, 67.0, 26.5. 
HRMS (ESI) m/z calcd. for C33H24ClN4O2S [M + H]+ 575.1303, found 575.1301. 
 
(R)-2-((Bis(4-cyanophenyl)(oxo)-λ6-sulfaneylidene)amino)-2-(4-bromophenyl)-N-
(naphthalen-1-yl)propenamide (13) 

 
According to General procedure A with 2-(4-bromophenyl)-2-chloro-N-(naphthalen-
1-yl)propanamide (77.4 mg, 0.20 mmol, 1.0 equiv.) for 16 h, the reaction mixture was 
purified by column chromatography on silica gel (CH2Cl2/EtOAc= 50/1) to yield the 
product 13 as a white amorphous solid (111.1 mg, 90% yield, 91% ee). 
HPLC analysis: Chiralcel IA (hexane/i-PrOH = 30/70, flow rate 0.7 mL/min, λ = 254 
nm), tR (minor) = 21.64 min, tR (major) = 32.35 min. 
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1H NMR (400 MHz, CDCl3) δ 9.91 (s, 1H), 8.22 – 8.10 (m, 3H), 7.91 – 7.86 (m, 1H), 
7.83 – 7.79 (m, 2H), 7.78 – 7.74 (m, 2H), 7.73 – 7.65 (m, 2H), 7.64 – 7.59 (m, 2H), 
7.53 – 7.44 (m, 2H), 7.42 – 7.28 (m, 5H), 2.00 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 172.4, 145.7, 145.5, 142.3, 134.1, 133.3, 133.01, 132.97, 
132.1, 131.4, 129.1, 128.7, 128.5, 128.3, 126.3, 126.1, 126.0, 125.3, 122.0, 119.7, 118.7, 
117.2, 116.9, 116.7, 67.1, 26.4. 
HRMS (ESI) m/z calcd. for C33H24BrN4O2S [M + H]+ 619.0798 & 621.0777, found 
619.0796 & 621.0777. 
 
(R)-2-((Bis(4-cyanophenyl)(oxo)-λ6-sulfaneylidene)amino)-2-(2-fluoro-[1,1'-
biphenyl]-4-yl)-N-(naphthalen-1-yl)propenamide (14) 

 

According to General procedure A with 2-chloro-2-(2-fluoro-[1,1'-biphenyl]-4-yl)-N-
(naphthalen-1-yl)propanamide (80.6 mg, 0.20 mmol, 1.0 equiv.) for 36 h, the reaction 
mixture was purified by column chromatography on silica gel (CH2Cl2/EtOAc= 50/1) 
to yield the product 14 as a white powder (114.1 mg, 90% yield, >99% ee). 
HPLC analysis: Chiralcel ID (hexane/i-PrOH = 30/70, flow rate 1.0 mL/min, λ = 254 
nm), tR (minor) = 26.47 min, tR (major) = 39.02 min. 
1H NMR (400 MHz, CDCl3) δ 10.02 (s, 1H), 8.36 – 8.15 (m, 3H), 7.92 (d, J = 7.1 Hz, 
1H), 7.85 (d, J = 8.4 Hz, 4H), 7.78 (d, J = 8.5 Hz, 1H), 7.72 (d, J = 8.2 Hz, 1H), 7.64 
(d, J = 8.6 Hz, 2H), 7.58 – 7.47 (m, 6H), 7.46 – 7.29 (m, 5H), 2.11 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 172.4, 159.3 (d, J = 248.9 Hz), 145.7, 145.5, 144.5 (d, 
J = 6.9 Hz), 134.9, 134.1, 133.4, 132.9, 132.2, 130.7 (d, J = 3.8 Hz), 129.2, 128.84, 
128.81, 128.79, 128.73, 128.68, 128.5, 128.4, 128.0, 126.27, 126.25, 126.1, 126.0, 
125.3, 122.6 (d, J = 3.3 Hz), 119.7, 118.7, 117.3, 116.9 (d, J = 2.8 Hz), 116.6, 114.7 (d, 
J = 24.4 Hz), 67.0 (d, J = 1.4 Hz), 26.6. 
19F NMR (376 MHz, CDCl3) δ –116.94 (dd, J = 11.8, 8.0 Hz) 
HRMS (ESI) m/z calcd. for C39H28FN4O2S [M + H]+ 635.1912, found 635.1916. 
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(R)-2-((Bis(4-cyanophenyl)(oxo)-λ6-sulfaneylidene)amino)-N-(naphthalen-1-yl)-2-
phenylbutanamide (15) 

 
According to General procedure A with 2-chloro-N-(naphthalen-1-yl)-2-
phenylbutanamide (64.8 mg, 0.20 mmol, 1.0 equiv.) for 36 h, the reaction mixture was 
purified by column chromatography on silica gel (CH2Cl2/EtOAc= 50/1) to yield the 
product 15 as a light yellow amorphous solid (85.3 mg, 77% yield, 91% ee). 
HPLC analysis: Chiralcel IA (hexane/i-PrOH = 70/30, flow rate 1.0 mL/min, λ = 254 
nm), tR (minor) = 18.56 min, tR (major) = 25.55 min. 
1H NMR (400 MHz, CDCl3) δ 10.07 (s, 1H), 8.27 (dd, J = 7.6, 1.1 Hz, 1H), 8.05 (d, J 
= 8.6 Hz, 2H), 7.93 (dd, J = 8.3, 1.3 Hz, 1H), 7.85 – 7.78 (m, 1H), 7.77 – 7.64 (m, 5H), 
7.63 – 7.50 (m, 4H), 7.45 (ddd, J = 8.2, 6.8, 1.3 Hz, 1H), 7.36 – 7.31 (m, 2H), 7.16 – 
7.04 (m, 3H), 2.74 – 2.58 (m, 1H), 2.49 (dq, J = 14.0, 7.1 Hz, 1H), 1.27 (t, J = 7.2 Hz, 
3H). 
13C NMR (100 MHz, CDCl3) δ 172.1, 145.8, 145.1, 141.9, 134.1, 133.1, 132.6, 132.2, 
129.2, 128.7, 128.31, 128.26, 127.8, 127.4, 126.3, 126.1, 126.0, 125.1, 119.7, 118.4, 
117.1, 117.0, 116.8, 116.0, 71.8, 32.2, 9.2. 
HRMS (ESI) m/z calcd. for C34H27N4O2S [M + H]+ 555.1849, found 555.1850. 
 
(R)-2-((Bis(4-cyanophenyl)(oxo)-λ6-sulfaneylidene)amino)-2-(3-fluorophenyl)-N-
(naphthalen-1-yl)butanamide (16) 

 
According to General procedure A with 2-chloro-2-(3-fluorophenyl)-N-(naphthalen-
1-yl)butanamide (68.2 mg, 0.20 mmol, 1.0 equiv.) for 36 h, the reaction mixture was 
purified by column chromatography on silica gel (CH2Cl2/EtOAc= 50/1) to yield the 
product 16 as a light yellow amorphous solid (75.5 mg, 66% yield, 89% ee). 
HPLC analysis: Chiralcel IA (hexane/i-PrOH = 70/30, flow rate 1.0 mL/min, λ = 254 
nm), tR (minor) = 17.55 min, tR (major) = 28.26 min. 
1H NMR (400 MHz, CDCl3) δ 10.01 (s, 1H), 8.25 (d, J = 7.5 Hz, 1H), 8.11 – 8.05 (m, 
2H), 7.94 (d, J = 8.1 Hz, 1H), 7.87 – 7.76 (m, 3H), 7.76 – 7.69 (m, 3H), 7.62 – 7.41 (m, 
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5H), 7.20 – 6.99 (m, 3H), 6.85 – 6.77 (m, 1H), 2.61 (dq, J = 14.3, 7.2 Hz, 1H), 2.47 (dq, 
J = 14.0, 7.1 Hz, 1H), 1.25 (t, J = 7.2 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 171.5, 162.4 (d, J = 246.9 Hz), 145.5, 145.0, 144.4 (d, 
J = 6.5 Hz), 134.1, 133.2, 132.7, 131.9, 129.9 (d, J = 8.1 Hz), 129.2, 128.6, 128.3, 126.3, 
126.1, 126.0, 125.3, 123.1 (d, J = 2.9 Hz), 119.6, 118.5, 117.1, 117.0, 116.9, 116.3, 
114.8 (d, J = 11.6 Hz), 114.6 (d, J = 10.2 Hz), 71.4 (d, J = 1.7 Hz), 32.3, 9.2. 
19F NMR (376 MHz, CDCl3) δ –112.22 (td, J = 9.6, 6.4 Hz). 
HRMS (ESI) m/z calcd. for C34H26FN4O2S [M + H]+ 573.1755, found 573.1758. 
 
(R)-2-((Bis(4-cyanophenyl)(oxo)-λ6-sulfaneylidene)amino)-2-(4-chlorophenyl)-N-
(naphthalen-1-yl)butanamide (17) 

 

According to General procedure A with 2-chloro-2-(4-chlorophenyl)-N-(naphthalen-
1-yl)butanamide (71.4 mg, 0.20 mmol, 1.0 equiv.) for 36 h, the reaction mixture was 
purified by column chromatography on silica gel (CH2Cl2/EtOAc= 50/1) to yield the 
product 17 as a light yellow amorphous solid (82.3 mg, 70% yield, 88% ee). 
HPLC analysis: Chiralcel IA (hexane/i-PrOH = 50/50, flow rate 1.0 mL/min, λ = 254 
nm), tR (minor) = 11.64 min, tR (major) = 24.69 min. 
1H NMR (400 MHz, CDCl3) δ 9.99 (s, 1H), 8.26 – 8.20 (m, 1H), 8.04 – 7.98 (m, 2H), 
7.91 (d, J = 8.2 Hz, 1H), 7.80 – 7.73 (m, 3H), 7.73 – 7.64 (m, 3H), 7.60 – 7.56 (m, 2H), 
7.55 – 7.48 (m, 2H), 7.47 – 7.40 (m, 1H), 7.33 – 7.20 (m, 2H), 7.05 – 6.98 (m, 2H), 
2.57 (dq, J = 14.2, 7.2 Hz, 1H), 2.45 (dq, J = 14.2, 7.2 Hz, 1H), 1.23 (t, J = 7.2 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 171.7, 145.6, 145.1, 140.4, 134.1, 133.9, 133.1, 132.7, 
131.9, 129.2, 128.9, 128.7, 128.3, 128.2, 126.3, 126.12, 126.08, 126.0, 125.3, 119.5, 
118.4, 117.0, 116.89, 116.86, 116.3, 71.3, 32.4, 9.2. 
HRMS (ESI) m/z calcd. for C34H26ClN4O2S [M + H]+ 589.1460, found 589.1456. 
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(R)-2-((Bis(4-cyanophenyl)(oxo)-λ6-sulfaneylidene)amino)-2-(4-bromophenyl)-N-
(naphthalen-1-yl)butanamide (18) 

 

According to General procedure A with 2-(4-bromophenyl)-2-chloro-N-(naphthalen-
1-yl)butanamide (80.2 mg, 0.20 mmol, 1.0 equiv.) for 36 h, the reaction mixture was 
purified by column chromatography on silica gel (CH2Cl2/EtOAc= 50/1) to yield the 
product 18 as a light yellow amorphous solid (93.5 mg, 74% yield, 88% ee). 
HPLC analysis: Chiralcel IA (hexane/i-PrOH = 50/50, flow rate 1.0 mL/min, λ = 254 
nm), tR (minor) = 12.64 min, tR (major) = 28.66 min. 
1H NMR (400 MHz, CDCl3) δ 10.03 (s, 1H), 8.26 (d, J = 7.6 Hz, 1H), 8.04 (d, J = 8.4 
Hz, 2H), 7.94 (d, J = 8.2 Hz, 1H), 7.84 – 7.76 (m, 3H), 7.76 – 7.66 (m, 3H), 7.63 – 7.42 
(m, 5H), 7.23 – 7.15 (m, 4H), 2.54 (ddq, J = 41.2, 14.0, 7.1 Hz, 2H), 1.26 (t, J = 7.1 Hz, 
3H). 
13C NMR (100 MHz, CDCl3) δ 171.6, 145.6, 145.0, 140.9, 134.1, 133.1, 132.7, 131.9, 
131.2, 129.23, 129.21, 128.7, 128.2, 126.3, 126.13, 126.10, 126.0, 125.3, 122.1, 119.5, 
118.5, 117.1, 116.91, 116.87, 116.2, 71.3, 32.3, 9.2. 
HRMS (ESI) m/z calcd. for C34H26BrN4O2S [M + H]+ 633.0594, found 633.0597. 
 
(R)-2-((Bis(4-cyanophenyl)(oxo)-λ6-sulfaneylidene)amino)-2-(4-(tert-
butyl)phenyl)-N-(naphthalen-1-yl)butanamide (19) 

 

According to General procedure A with 2-(4-(tert-butyl)phenyl)-2-chloro-N-
(naphthalen-1-yl)butanamide (75.8 mg, 0.20 mmol, 1.0 equiv.) for 16 h, the reaction 
mixture was purified by column chromatography on silica gel (CH2Cl2/EtOAc= 50/1) 
to yield the product 19 as an amorphous solid (109.8 mg, 90% yield, 87% ee). 
HPLC analysis: Chiralcel IA (hexane/i-PrOH = 70/30, flow rate 1.0 mL/min, λ = 254 
nm), tR (minor) = 12.68 min, tR (major) = 23.47 min. 
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1H NMR (400 MHz, CDCl3) δ 10.10 (s, 1H), 8.27 (dd, J = 7.6, 1.1 Hz, 1H), 8.05 (d, J 
= 8.6 Hz, 2H), 7.91 (dd, J = 8.3, 1.3 Hz, 1H), 7.79 (d, J = 8.5 Hz, 1H), 7.78 – 7.71 (m, 
2H), 7.69 (d, J = 8.3 Hz, 1H), 7.65 (d, J = 8.5 Hz, 2H), 7.58 – 7.38 (m, 5H), 7.21 (d, J 
= 8.5 Hz, 2H), 7.04 (d, J = 8.5 Hz, 2H), 2.67 – 2.44 (m, 2H), 1.25 (t, J = 9.0 Hz, 3H), 
1.23 (s, 9H). 
13C NMR (100 MHz, CDCl3) δ 172.3, 150.7, 145.9, 145.2, 138.7, 134.1, 133.1, 132.5, 
132.2, 129.2, 128.7, 128.3, 127.0, 126.20, 126.17, 126.1, 125.9, 125.1, 125.0, 119.7, 
118.3, 117.03, 116.96, 116.8, 115.9, 71.6, 34.4, 32.3, 31.3, 9.3. 
HRMS (ESI) m/z calcd. for C38H35N4O2S [M + H]+ 611.2475, found 611.2470. 
 
(R)-2-((Bis(4-cyanophenyl)(oxo)-λ6-sulfaneylidene)amino)-N-(naphthalen-1-yl)-2-
phenylpentanamide (20) 

 
According to General procedure A with 2-chloro-N-(naphthalen-1-yl)-2-
phenylpentanamide (67.8 mg, 0.20 mmol, 1.0 equiv.) for 36 h, the reaction mixture was 
purified by column chromatography on silica gel (CH2Cl2/EtOAc= 50/1) to yield the 
product 20 as an amorphous solid (97.7 mg, 86% yield, 89% ee). 
HPLC analysis: Chiralcel IA (hexane/i-PrOH = 50/50, flow rate 1.0 mL/min, λ = 254 
nm), tR (minor) = 8.32 min, tR (major) = 12.80 min. 
1H NMR (400 MHz, CDCl3) δ 10.06 (s, 1H), 8.25 (dd, J = 7.5, 1.1 Hz, 1H), 8.04 (d, J 
= 8.6 Hz, 2H), 7.88 (d, J = 1.3 Hz, 1H), 7.79 – 7.70 (m, 3H), 7.67 (d, J = 8.2 Hz, 1H), 
7.62 (d, J = 8.5 Hz, 2H), 7.55 – 7.45 (m, 4H), 7.41 (ddd, J = 8.3, 6.9, 1.4 Hz, 1H), 7.34 
– 7.28 (m, 2H), 7.12 – 7.00 (m, 3H), 2.53 (td, J = 12.7, 4.5 Hz, 1H), 2.36 (td, J = 12.6, 
3.9 Hz, 1H), 1.98 – 1.82 (m, 1H), 1.59 – 1.44 (m, 1H), 1.02 (t, J = 7.3 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 172.2, 145.8, 145.0, 142.1, 134.1, 133.1, 132.6, 132.2, 
129.2, 128.7, 128.33, 128.26, 127.8, 127.2, 126.24, 126.15, 126.1, 126.0, 125.0, 119.6, 
118.2, 117.1, 117.0, 116.9, 116.0, 71.2, 41.4, 18.0, 14.5. 
HRMS (ESI) m/z calcd. for C35H29N4O2S [M + H]+ 569.2006, found 569.2004. 
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(R)-2-((Bis(4-cyanophenyl)(oxo)-λ6-sulfaneylidene)amino)-N-(naphthalen-1-yl)-2-
phenylhexanamide (21) 

 
According to General procedure B with 2-chloro-N-(naphthalen-1-yl)-2-
phenylhexanamide (70.2 mg, 0.20 mmol, 1.0 equiv.) for 36 h, the reaction mixture was 
purified by column chromatography on silica gel (CH2Cl2/EtOAc= 50/1) to yield the 
product 21 as a light yellow amorphous solid (82.6 mg, 71% yield, 88% ee). 
HPLC analysis: Chiralcel IA (hexane/i-PrOH = 70/30, flow rate 1.0 mL/min, λ = 254 
nm), tR (minor) = 21.70 min, tR (major) = 25.36 min. 
1H NMR (400 MHz, CDCl3) δ 10.06 (s, 1H), 8.28 (d, J = 7.6 Hz, 1H), 8.08 (d, J = 8.3 
Hz, 2H), 7.93 (d, J = 8.2 Hz, 1H), 7.78 (dd, J = 8.4, 4.3 Hz, 3H), 7.71 (d, J = 8.2 Hz, 
1H), 7.66 (d, J = 8.3 Hz, 2H), 7.59 – 7.50 (m, 4H), 7.44 (ddd, J = 8.3, 6.8, 1.3 Hz, 1H), 
7.35 (dd, J = 7.7, 1.9 Hz, 2H), 7.16 – 7.04 (m, 3H), 2.64 – 2.53 (m, 1H), 2.48 – 2.36 
(m, 1H), 1.95 – 1.81 (m, 1H), 1.56 – 1.39 (m, 3H), 0.96 (t, J = 7.1 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 172.2, 145.8, 145.1, 142.2, 134.1, 133.1, 132.6, 132.2, 
129.2, 128.7, 128.34, 128.27, 127.8, 127.2, 126.21, 126.17, 126.1, 126.0, 125.0, 119.6, 
118.2, 117.1, 117.0, 116.9, 116.0, 71.2, 39.0, 26.6, 23.1, 14.1. 
HRMS (ESI) m/z calcd. for C36H31N4O2S [M + H]+ 583.2162, found 583.2160. 
 
(R)-2-((Bis(4-cyanophenyl)(oxo)-λ6-sulfaneylidene)amino)-N-(naphthalen-1-yl)-
2,4-diphenylbutanamide (22) 

 

According to General procedure A with 2-chloro-N-(naphthalen-1-yl)-2,4-
diphenylbutanamide (85.4 mg, 0.20 mmol, 1.0 equiv.) for 36 h, the reaction mixture 
was purified by column chromatography on silica gel (CH2Cl2/EtOAc= 50/1) to yield 
the product 22 as an amorphous solid (110.9 mg, 88% yield, 91% ee). 
HPLC analysis: Chiralcel IA (hexane/i-PrOH = 50/50, flow rate 1.0 mL/min, λ = 254 
nm), tR (major) = 19.17 min, tR (minor) = 75.25 min. 
1H NMR (400 MHz, CDCl3) δ 10.17 (s, 1H), 8.31 (dd, J = 7.6, 1.1 Hz, 1H), 8.14 (d, J 
= 8.6 Hz, 2H), 8.00 – 7.91 (m, 1H), 7.82 – 7.74 (m, 3H), 7.71 (d, J = 8.2 Hz, 1H), 7.63 
(d, J = 8.6 Hz, 2H), 7.61 – 7.51 (m, 2H), 7.52 – 7.43 (m, 3H), 7.42 – 7.29 (m, 6H), 7.28 
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– 7.19 (m, 1H), 7.16 – 7.05 (m, 3H), 3.27 (td, J = 12.2, 3.5 Hz, 1H), 2.95 (td, J = 12.2, 
4.1 Hz, 1H), 2.79 (dtd, J = 38.7, 12.0, 3.9 Hz, 2H). 
13C NMR (100 MHz, CDCl3) δ 171.9, 145.6, 144.8, 142.0, 141.9, 134.1, 133.2, 132.6, 
132.1, 129.2, 128.7, 128.6, 128.5, 128.4, 127.9, 127.2, 126.3, 126.2, 126.1, 126.0, 125.2, 
119.6, 118.4, 117.1, 117.03, 116.95, 116.0, 71.1, 41.6, 31.0. 
HRMS (ESI) m/z calcd. for C40H31N4O2S [M + H]+ 631.2162, found 631.2162. 
 
(R)-2-((Bis(4-cyanophenyl)(oxo)-λ6-sulfaneylidene)amino)-3-cyclopropyl-N-
(naphthalen-1-yl)-2-phenylpropanamide (23) 

 

According to General procedure A with 2-chloro-3-cyclopropyl-N-(naphthalen-1-yl)-
2-phenylpropanamide (69.8 mg, 0.20 mmol, 1.0 equiv.) for 36 h, the reaction mixture 
was purified by column chromatography on silica gel (CH2Cl2/EtOAc= 50/1) to yield 
the product 23 as a light yellow amorphous solid (94.0 mg, 81% yield, 87% ee). 
HPLC analysis: Chiralcel IA (hexane/i-PrOH = 30/70, flow rate 0.7 mL/min, λ = 254 
nm), tR (minor) = 13.29 min, tR (major) = 18.78 min. 
1H NMR (400 MHz, CDCl3) δ 10.21 (s, 1H), 8.33 – 8.26 (m, 1H), 8.08 – 8.01 (m, 2H), 
7.93 – 7.89 (m, 1H), 7.88 – 7.82 (m, 1H), 7.79 – 7.72 (m, 2H), 7.69 (d, J = 8.2 Hz, 1H), 
7.66 – 7.62 (m, 2H), 7.55 – 7.47 (m, 4H), 7.46 – 7.40 (m, 1H), 7.27 – 7.22 (m, 2H), 
7.14 – 6.95 (m, 3H), 2.83 (dd, J = 13.5, 4.3 Hz, 1H), 2.11 (dd, J = 13.5, 8.9 Hz, 1H), 
1.34 – 1.21 (m, 1H), 0.58 – 0.46 (m, 1H), 0.44 – 0.28 (m, 2H), 0.27 – 0.18 (m, 1H). 
13C NMR (100 MHz, CDCl3) δ 172.2, 145.8, 145.1, 141.8, 134.1, 133.1, 132.6, 132.4, 
129.2, 128.7, 128.3, 128.1, 127.8, 127.5, 126.3, 126.2, 126.1, 126.0, 124.9, 119.7, 118.3, 
117.1, 117.0, 116.8, 115.9, 71.4, 43.7, 6.8, 5.0, 4.2. 
HRMS (ESI) m/z calcd. for C36H29N4O2S [M + H]+ 581.2006, found 581.2003. 
 
(R)-2-((Bis(4-cyanophenyl)(oxo)-λ6-sulfaneylidene)amino)-5,5,5-trifluoro-N-
(naphthalen-1-yl)-2-phenylpentanamide (24) 

 
According to General procedure B with 2-chloro-5,5,5-trifluoro-N-(naphthalen-1-yl)-
2-phenylpentanamide (78.2 mg, 0.20 mmol, 1.0 equiv.) for 36 h, the reaction mixture 
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was purified by column chromatography on silica gel (CH2Cl2/EtOAc= 50/1) to yield 
the product 24 as a light yellow oil (109.5 mg, 88% yield, 95% ee). 
HPLC analysis: Chiralcel IA (hexane/i-PrOH = 70/30, flow rate 1.0 mL/min, λ = 254 
nm), tR (minor) = 12.12 min, tR (major) = 16.76 min. 
1H NMR (400 MHz, CDCl3) δ 9.76 (s, 1H), 8.16 (dd, J = 7.6, 1.0 Hz, 1H), 8.03 (d, J = 
8.5 Hz, 2H), 7.93 (dd, J = 8.3, 1.2 Hz, 1H), 7.82 – 7.63 (m, 6H), 7.59 – 7.47 (m, 5H), 
7.43 – 7.37 (m, 2H), 7.27 – 7.13 (m, 3H), 2.99 – 2.84 (m, 1H), 2.78 – 2.50 (m, 2H), 
2.45 – 2.30 (m, 1H). 
13C NMR (100 MHz, CDCl3) δ 170.8, 145.3, 144.8, 140.6, 134.1, 133.2, 132.8, 131.7, 
129.3, 128.7, 128.6, 128.4, 128.3, 127.4 (q, J = 275.0 Hz), 127.0, 126.5, 126.1, 126.0, 
125.9, 125.4, 119.3, 118.2, 117.0, 116.9, 116.4, 69.9, 32.0, 29.7 (q, J = 29.1 Hz). 
19F NMR (376 MHz, CDCl3) δ –65.82 (t, J = 10.6 Hz). 
HRMS (ESI) m/z calcd. for C35H26F3N4O2S [M + H]+ 623.1723, found 623.1719. 
 
(R)-2-((Bis(4-cyanophenyl)(oxo)-λ6-sulfaneylidene)amino)-4-methoxy-N-
(naphthalen-1-yl)-2-phenylbutanamide (25) 

 

According to General procedure A with 2-chloro-4-methoxy-N-(naphthalen-1-yl)-2-
phenylbutanamide (70.6 mg, 0.20 mmol, 1.0 equiv.) for 36 h, the reaction mixture was 
purified by column chromatography on silica gel (CH2Cl2/EtOAc= 50/1) to yield the 
product 25 as an amorphous solid (82.9 mg, 71% yield, 92% ee). 
HPLC analysis: Chiralcel IA (hexane/i-PrOH = 50/50, flow rate 1.0 mL/min, λ = 254 
nm), tR (major) = 27.84 min, tR (minor) = 37.26 min. 
1H NMR (400 MHz, CDCl3) δ 10.00 (s, 1H), 8.23 (dd, J = 7.6, 1.1 Hz, 1H), 8.01 (d, J 
= 8.6 Hz, 2H), 7.94 – 7.88 (m, 1H), 7.83 – 7.66 (m, 6H), 7.61 – 7.38 (m, 5H), 7.34 (d, 
J = 6.4 Hz, 2H), 7.20 – 6.98 (m, 3H), 3.91 (ddd, J = 9.5, 8.4, 5.0 Hz, 1H), 3.76 (ddd, J 
= 9.4, 8.1, 6.2 Hz, 1H), 3.35 (s, 3H), 2.95 (ddd, J = 13.2, 8.4, 6.2 Hz, 1H), 2.74 (ddd, J 
= 13.3, 8.2, 5.0 Hz, 1H). 
13C NMR (100 MHz, CDCl3) δ 171.7, 145.7, 145.1, 141.3, 134.1, 133.1, 132.7, 132.1, 
129.2, 128.7, 128.4, 128.3, 128.0, 127.2, 126.3, 126.14, 126.12, 126.0, 125.1, 119.7, 
118.4, 117.1, 117.0, 116.8, 116.2, 69.4, 69.2, 58.8, 38.7. 
HRMS (ESI) m/z calcd. for C35H29N4O3S [M + H]+ 585.1955, found 585.1951. 
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(R)-2-((Bis(4-cyanophenyl)(oxo)-λ6-sulfaneylidene)amino)-6-chloro-N-
(naphthalen-1-yl)-2-phenylhexanamide (26) 

 
According to General procedure B with 2,6-dichloro-N-(naphthalen-1-yl)-2-
phenylhexanamide (77.0 mg, 0.20 mmol, 1.0 equiv.) for 36 h, the reaction mixture was 
purified by column chromatography on silica gel (CH2Cl2/EtOAc= 50/1) to yield the 
product 26 as a light yellow amorphous solid (94.9 mg, 77% yield, 87% ee). 
HPLC analysis: Chiralcel IA (hexane/i-PrOH = 50/50, flow rate 1.0 mL/min, λ = 254 
nm), tR (minor) = 15.42 min, tR (major) = 17.76 min. 
1H NMR (400 MHz, CDCl3) δ 10.00 (s, 1H), 8.23 (dd, J = 7.6, 1.1 Hz, 1H), 8.09 – 8.00 
(m, 2H), 7.95 – 7.89 (m, 1H), 7.81 – 7.68 (m, 6H), 7.63 – 7.41 (m, 5H), 7.39 – 7.32 (m, 
2H), 7.18 – 7.03 (m, 3H), 3.88 – 3.41 (m, 2H), 2.85 – 2.53 (m, 1H), 2.49 – 2.39 (m, 
1H), 2.16 – 2.02 (m, 1H), 2.02 – 1.83 (m, 2H), 1.74 – 1.59 (m, 1H). 
13C NMR (100 MHz, CDCl3) δ 172.0, 145.7, 145.0, 141.8, 134.1, 133.1, 132.7, 132.0, 
129.2, 128.7, 128.4, 128.3, 127.9, 127.2, 126.3, 126.12, 126.10, 126.0, 125.2, 119.6, 
118.4, 117.1, 117.0, 116.9, 116.1, 71.0, 44.9, 38.4, 32.8, 22.0. 
HRMS (ESI) m/z calcd. for C36H30ClN4O2S [M + H]+ 617.1773, found 617.1769. 
 
(R)-2-((Bis(4-cyanophenyl)(oxo)-λ6-sulfaneylidene)amino)-N-(naphthalen-1-yl)-2-
phenylpent-4-enamide (27) 

 
According to General procedure A with 2-chloro-N-(naphthalen-1-yl)-2-phenylpent-
4-enamide (72.6 mg, 0.20 mmol, 1.0 equiv.) for 36 h, the reaction mixture was purified 
by column chromatography on silica gel (CH2Cl2/EtOAc= 50/1) to yield the product 27 
as an amorphous solid (83.8 mg, 74% yield, 92% ee). 
HPLC analysis: Chiralcel IA (hexane/i-PrOH = 50/50, flow rate 1.0 mL/min, λ = 254 
nm), tR (minor) = 11.40 min, tR (major) = 19.42 min. 
1H NMR (400 MHz, CDCl3) δ 9.89 (s, 1H), 8.20 (dd, J = 7.6, 1.1 Hz, 1H), 7.99 (d, J = 
8.6 Hz, 2H), 7.92 (dd, J = 8.2, 1.3 Hz, 1H), 7.80 – 7.68 (m, 6H), 7.62 – 7.40 (m, 5H), 
7.39 – 7.31 (m, 2H), 7.18 – 7.05 (m, 3H), 6.18 (ddt, J = 17.2, 10.2, 6.9 Hz, 1H), 5.32 
(dd, J = 17.2, 1.9 Hz, 1H), 5.19 (dd, J = 10.2, 2.0 Hz, 1H), 3.49 – 3.09 (m, 2H). 



S29 
 

13C NMR (100 MHz, CDCl3) δ 171.5, 145.9, 145.3, 141.2, 134.1, 133.3, 133.0, 132.7, 
132.1, 129.1, 128.7, 128.3, 128.2, 128.0, 127.4, 126.3, 126.2, 126.1, 126.0, 125.2, 119.8, 
119.4, 118.6, 117.1, 117.0, 116.8, 116.2, 71.0, 43.6. 
HRMS (ESI) m/z calcd. for C35H27N4O2S [M + H]+ 567.1849, found 567.1849. 
 
(R)-2-((Bis(4-cyanophenyl)(oxo)-λ6-sulfaneylidene)amino)-2-cyclopentyl-N-
(naphthalen-1-yl)propenamide (28) 

 

According to General procedure B with 2-bromo-2-cyclopentyl-N-(naphthalen-1-
yl)propanamide (69.0 mg, 0.20 mmol, 1.0 equiv.) for 36 h, the reaction mixture was 
purified by column chromatography on silica gel (CH2Cl2/EtOAc= 50/1) to yield the 
product 28 as a yellow oil (70.2 mg, 66% yield, 64% ee). 
HPLC analysis: Chiralcel IA (hexane/i-PrOH = 70/30, flow rate 1.0 mL/min, λ = 254 
nm), tR (major) = 11.02 min, tR (minor) = 13.47 min. 
1H NMR (400 MHz, CDCl3) δ 9.49 (s, 1H), 8.21 (d, J = 8.3 Hz, 2H), 8.12 (d, J = 8.0 
Hz, 3H), 7.92 – 7.75 (m, 6H), 7.69 (d, J = 8.2 Hz, 1H), 7.50 (td, J = 7.8, 4.2 Hz, 2H), 
7.38 (t, J = 7.6 Hz, 1H), 2.47 (p, J = 8.6 Hz, 1H), 1.93 – 1.58 (m, 8H), 1.46 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 173.7, 147.9, 146.9, 134.1, 133.4, 133.3, 132.5, 129.0, 
128.7, 128.5, 126.7, 126.1, 126.0, 125.9, 125.2, 120.2, 119.2, 117.1, 117.0, 116.94, 
116.90, 68.0, 51.3, 27.9, 27.5, 25.6, 25.4, 24.3. 
HRMS (ESI) m/z calcd. for C32H28N4O2SNa [M + Na]+ 555.1825, found 555.1824. 
 

Transformation 

The synthesis of 29. 

 

To a flamed flask charged with a stir bar were added 9 (83.1 mg, 0.15 mmol, 1.0 equiv., 
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92% ee), Mg (36.0 mg, 1.5 mmol, 10.0 equiv.) and anhydrous MeOH (2.0 mL) under 
argon. The reaction was stirred at room temperature until Mg disappeared. Upon 
completion (monitored by TLC), HCl (0.55 mL, 3.3 mmol, 22.0 equiv., 6.0 M in H2O) 
was added at 0 °C, and the reaction mixture was stirred at room temperature to afford a 
homogenous solution in 0.5 h. 
After completion (monitored by TLC), 10% aqueous NaOH solution was added to 
adjust the pH value to 10. Then, the mixture was extracted with CH2Cl2 three times. 
The combined organic layer was dried over anhydrous Na2SO4, filtered, and 
concentrated to afford the crude product, which was purified by column 
chromatography on silica gel (petroleum ether/EtOAc = 2/1) to yield the desired 
product 29 as a colorless oil (27.8 mg, 61% yield, 91% ee). 
 
(R)-2-Amino-N-(naphthalen-1-yl)-2-(p-tolyl)propanamide (29) 

 
HPLC analysis: Chiralcel AD (hexane/iPrOH = 75/25, flow rate 1.0 mL/min, λ = 214 
nm), tR (major) = 7.47 min, tR (minor) = 15.37 min. 
1H NMR (400 MHz, CDCl3) δ 10.47 (s, 1H), 8.24 (d, J = 7.5 Hz, 1H), 7.91 – 7.80 (m, 
2H), 7.66 (d, J = 8.2 Hz, 1H), 7.60 – 7.42 (m, 5H), 7.22 (d, J = 8.1 Hz, 2H), 2.71 (brs, 
2H), 2.36 (s, 3H), 1.98 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 173.7, 140.9, 137.5, 134.0, 132.6, 129.5, 128.8, 126.2, 
126.1, 126.0, 125.8, 125.3, 124.7, 120.2, 118.0, 61.2, 28.1, 21.0. 
HRMS (ESI) m/z calcd. for C20H21N2O2 [M + H]+ 305.1648, found 305.1654. 
 
The synthesis of 30-1 

 
The compound of 29 (27.4 mg, 0.090 mmol, 1.0 equiv., 92% ee) in concentrated HCl 
(1.0 mL) was refluxed for 24 h. The reaction mixture was concentrated and adjusted 
pH to 10 with 10% aqueous NaOH solution, and extracted with CH2Cl2 three times. 
After that, the aqueous phase was evaporated to yield 30-1 as a white solid (16.6 mg, 
92% yield) without further purification. 
 
Sodium (R)-2-amino-2-(p-tolyl)propanoate (30-1) 
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1H NMR (400 MHz, D2O) δ 7.34 (d, J = 8.2 Hz, 2H), 7.25 (d, J = 8.1 Hz, 2H), 2.30 (s, 
3H), 1.78 (s, 3H). 
13C NMR (100 MHz, D2O) δ 178.3, 138.9, 136.7, 129.5, 125.7, 62.4, 22.5, 20.2. 
HRMS (ESI) m/z calcd. for C10H12NO2 [M  Na]- 178.0874, found 178.0869. 
 
The synthesis of 30 

 
To a solution of 30-1 (10.1 mg, 0.050 mmol, 1.0 equiv.) in MeOH (1.0 mL) was added 
HCl (15 μl, 0.06 mmol, 1.2 equiv., 4.0 M in 1,4-dioxane),the mixture was stirred for 5 
min, then the mixture was added thionyl chloride (29.5 mg, 0.25 mmol, 5.0 equiv.) and 
the reaction mixture was refluxed for 3 h. The solvent was evaporated, followed by the 
addition of CH2Cl2. Then the solution was washed with saturated aqueous Na2CO3 
solution, dried over anhydrous Na2SO4, filtered and concentrated to afford the crude 
product, which was purified by column chromatography on silica gel (petroleum 
ether/EtOAc = 2/1) to yield the desired product 30 (7.8 mg, 81% yield, 91% ee) as a 
slight yellow oil. 
 
Methyl (R)-2-amino-2-(p-tolyl)propanoate (30) 

 

HPLC analysis: Chiralcel OJH (hexane/iPrOH = 80/20, flow rate 1.0 mL/min, λ = 214 
nm), tR (minor) = 7.79 min, tR (major) = 10.71 min. 
1H NMR (600 MHz, CDCl3) δ 7.36 (d, J = 8.1 Hz, 2H), 7.16 (d, J = 8.0 Hz, 2H), 3.70 
(s, 3H), 2.33 (s, 3H), 2.11 (brs, 2H), 1.70 (s, 3H). 
13C NMR (150 MHz, CDCl3) δ 176.5, 140.8, 137.3, 129.2, 125.0, 60.5, 52.6, 27.2, 21.0. 
HRMS (ESI) m/z calcd. for C11H16NO2 [M + H]+ 194.1176, found 194.1182. 
 
The synthesis of 31 
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To a solution of LiAlH4 (9.5 mg, 0.25 mmol, 2.5 equiv.) in 1,4-dioxane (2.0 ml) at 0 °C, 
29 (30.4 mg, 0.10 mmol, 1.0 equiv.) was added and warmed up to 100 °C. After 
completion (monitored by TLC), the mixture was quenched by water at 0 °C and 
extracted with EtOAc three times. The organic phase was concentrated in vacuum and 
purified by column chromatography on silica gel (CH2Cl2/MeOH = 10/1) to yield the 
desired product 31 (26.7 mg, 92% yield, 91% ee) as a slight yellow oil. 
 
(R)-N1-(Naphthalen-1-yl)-2-(p-tolyl)propane-1,2-diamine (31) 

 
HPLC analysis: Chiralcel INB (hexane/iPrOH = 70/30, flow rate 1.0 mL/min, λ = 254 
nm), tR (major) = 17.50 min, tR (minor) = 28.05 min. 
1H NMR (400 MHz, CDCl3) δ 7.80 (d, J = 7.9 Hz, 1H), 7.71 (d, J = 8.2 Hz, 1H), 7.54 
– 7.32 (m, 5H), 7.26 (t, J = 8.2 Hz, 3H), 6.66 (d, J = 7.5 Hz, 1H), 4.70 (brs, 1H), 3.47 
(q, J = 11.5 Hz, 2H), 2.40 (s, 3H), 1.87 (brs, 2H), 1.67 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 144.1, 143.9, 136.6, 134.3, 129.4, 128.6, 126.7, 125.7, 
125.2, 124. 7, 123.8, 120.1, 117.4, 104.6, 55.9, 55.4, 29.5, 21.0. 
HRMS (ESI) m/z calcd. for C20H23N [M + H]+ 291.1856, found 291.1848. 
 

The synthesis of 32 

 

To a solution of 30 (19.3 mg, 0.10 mmol, 1.0 equiv.) in MeOH (1.0 ml) at 0 °C, NaBH4 
(7.6 mg, 0.2 mmol, 2.0 equiv.) was added and stirred at this temperature. After 
completion (monitored by TLC), the mixture was quenched by water at 0 °C and 
extracted with CH2Cl2 three times. The organic phase was concentrated in vacuum and 
purified by column chromatography on silica gel (CH2Cl2/MeOH = 10/1) to yield the 
desired product 32 (26.7 mg, 69% yield) as a yellow oil.  
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The ee value of 32 was determined by 32-1. 
To a solution of 32 (11.4 mg, 0.069 mmol, 1.0 equiv.) and Ac2O (21.1 mg, 0.207 mmol, 
3.0 equiv.) in CH2Cl2 (1.0 ml), Et3N (20.9 mg, 0.207 mmol, 3.0 equiv.) was added 
dropwise and stirred at room temperature overnight. After concentration, the residue 
was purified by column chromatography on silica gel (petroleum ether/EtOAc = 2/1) 
to yield the desired product 32-1 (16.5 mg, 96% yield, 92% ee) as a white amorphous 
solid. 
 
 
(R)-2-Amino-2-(p-tolyl)propan-1-ol (32) 

 
1H NMR (400 MHz, CDCl3) δ 7.42 – 7.31 (m, 2H), 7.24 – 7.12 (m, 2H), 3.70 – 3.53 
(m, 2H), 2.36 (s, 3H), 2.10 (brs, 3H), 1.47 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 143.2, 136.5, 129.2, 125.2, 71.7, 56.2, 27.0, 20.9. 
HRMS (ESI) m/z calcd. for C10H16NO [M + H]+ 166.1226, found 166.1224. 
 

(R)-2-Acetamido-2-(p-tolyl)propyl acetate (32-1) 

 
HPLC analysis: Chiralcel INA (hexane/iPrOH = 95/05, flow rate 0.7 mL/min, λ = 214 
nm), tR (major) = 29.30 min, tR (minor) = 38.53 min. 
1H NMR (400 MHz, CDCl3) δ 7.23 (d, J = 8.2 Hz, 2H), 7.14 (d, J = 8.1 Hz, 2H), 6.34 
(s, 1H), 4.41 (d, J = 11.3 Hz, 1H), 4.25 (d, J = 11.3 Hz, 1H), 2.31 (s, 3H), 2.06 (s, 3H), 
1.97 (s, 3H), 1.73 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 171.3, 169.5, 139.3, 136.9, 129.2, 125.3, 70.1, 58.5, 
24.2, 23.0, 21.0, 20.9. 
HRMS (ESI) m/z calcd. for C14H20NO3 [M + H]+ 250.1438, found 250.1430. 
 

Mechanism 

3-Ethyl-1-methyl-3-phenylindolin-2-one (33) 
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Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a 
magnetic stir bar was charged with 4,4'-sulfonimidoyldibenzonitrile (53.4 mg, 0.20 
mmol, 1.0 equiv.), Cu(HFac)2 (4.4 mg, 0.010 mmol, 5.0 mol%), L5 (4.3 mg, 0.010 
mmol, 5.0 mol%), Cs2CO3 (260.8 mg, 0.80 mmol, 4.0 equiv.) and PhCF3 (2.0 mL). 
Then, 2-chloro-N-methyl-N,2-diphenylbutanamide (67.4 mg, 0.20 mmol, 1.0 equiv.) 
was added into the mixture and stirred at 80 °C for 16 h. Upon completion (monitored 
by TLC), the precipitate was filtered off and washed by EtOAc. The filtrate was 
evaporated and the residue was purified by column chromatography on silica gel 
(CH2Cl2/EtOAc= 50/1) to afford the product 33 as a white amorphous solid (41.2 mg, 
82% yield). 
1H NMR (400 MHz, CDCl3) δ 7.48 – 7.21 (m, 7H), 7.15 (td, J = 7.5, 1.1 Hz, 1H), 6.94 
(d, J = 7.8 Hz, 1H), 3.26 (s, 3H), 2.46 (dq, J = 13.5, 7.3 Hz, 1H), 2.27 (dq, J = 13.4, 7.4 
Hz, 1H), 0.71 (t, J = 7.4 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 178.6, 144.1, 140.3, 132.1, 128.5, 128.1, 127.2, 127.0, 
124.8, 122.6, 108.2, 57.3, 30.9, 26.4, 9.1. 
HRMS (ESI) m/z calcd. for C17H18NO [M + H]+ 252.1383, found 252.1386. 
 
 
Spin trap Study. 

 
Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a 
magnetic stir bar was charged with Cu(HFac)2 (4.4 mg, 0.010 mmol, 5.0 mol%), L5 
(4.3 mg, 0.010 mmol, 5.0 mol%), Cs2CO3 (6.5 mg, 0.020 mmol, 10.0 mol%), K3PO4 
(169.6 mg, 0.80 mmol, 4.0 equiv.) and anhydrous THF (2.0 mL). Then, 2-chloro-N,2-
diphenylpropanamide (51 mmol, 0.2 mmol, 1.0 equiv.) was added into the mixture and 
stirred at room temperature for 1h. Then the reaction was transferred into the glove box 
and DMPO (2,2-dimethyl-3,4-dihydro-2H-pyrrole 1-oxide, 22mg, 0.2 mmol, 1.0 equiv.) 
was added, After that an aliquot (0.3 mL) was taken from the mixture for room 
temperature Q-band CW-EPR.  
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Figure S5. Spin trap study. Room Temperature Q-band CW-EPR spectra of the spin 
trap study. g = 2.0061; AH = 22.00 G; AN = 14.11 G. EPR acquisition parameters: 
temperature = 298 K; MW power = 40 dB; modulation amplitude = 0.5 G. conversion 
time = 20 ms. 

HRMS (ESI) m/z calcd. for C21H25N2O2 M+ 337.1911, found 337.1897. 
 
Reference 
1. F.-L. Wang, C.-J. Yang, J.-R. Liu, N.-Y. Yang, X.-Y. Dong, R.-Q. Jiang, X.-Y. Chang, 

Z.-L. Li, G.-X. Xu, D.-L. Yuan, Y.-S. Zhang, Q.-S. Gu, X. Hong, X.-Y. Liu, Nat. 
Chem. 2022, 949–957. 
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NMR Spectra 
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HPLC Spectra 
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