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Table S1. Reaction Condition Optimization with Benzyl Bromidea 

 

 
entry [Cu] L*n base solvent T (°C) yield (%) e.e. (%) 

1 CuTc L*1 Cs2CO3 Et2O r. t. traceb − 
2 CuTc L*2 Cs2CO3 Et2O r. t. traceb − 
3 CuTc L*3 Cs2CO3 Et2O r. t. 15b 61 
4 CuTc L*4 Cs2CO3 Et2O r. t. trace − 
5 CuTc L*5 Cs2CO3 Et2O r. t. 67 83 
6 CuTc L*5 Cs2CO3 THF r. t. trace − 
7 CuTc L*5 Cs2CO3 benzene r. t. < 5 − 
8 CuTc L*6 Cs2CO3 Et2O r. t. 91 91 
9 CuI L*6 Cs2CO3 Et2O r. t. trace − 
10 Cu(PPh3)3Br L*6 Cs2CO3 Et2O r. t. 37 78 
11 Cu(iPrCOO)2 L*6 Cs2CO3 Et2O r. t. 14 92 
12 CuTc L*6 K2CO3 Et2O r. t. trace − 
13 CuTc L*6 KOH Et2O r. t. < 5 67 
14 CuTc L*6 Cs2CO3 Et2O 40 49 78 
15 CuTc L*6 Cs2CO3 Et2O 0 85 95 
16 CuTc L*7 Cs2CO3 Et2O r. t. 81 97 

aReaction conditions: (±)-E1 (0.025 mmol), N1 (1.0 equiv.), [Cu] (10 mol%), L*n (10 
mol%), and base (4.0 equiv.) in solvent (0.5 mL) at room temperature for 72 h under 
argon; Yield of 1 was isolated; Ee was based on HPLC analysis. bThe yield of S-B1 
was based on 1H NMR using 1,3,5-trimethoxybenzene as an internal standard: 10% 
yield by L*1, trace by L*2, 13% yield by L*3.  
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Table S2. Reaction Condition Optimization with α-Arylcarbonyl Alkyl Bromidea  

 
entry [Cu] L*n Ar solvent T (°C) yield (%) e.e. (%) 

1 CuTc L*5 Ph Et2O r. t. 26 34 

2 CuTc L*5 Ph THF r. t. 41 20 

3 CuTc L*5 Ph dioxane r. t. 50 5 

4 CuTc L*5 Ph benzene r. t. 17 32 

5 Cu(HFacac)2 L*5 Ph Et2O r. t. 88 53 

6 Cu(HFacac)2 L*6 Ph Et2O r. t. 83 56 

7 Cu(HFacac)2 L*7 Ph Et2O r. t. 82 63 

8 Cu(HFacac)2 L*7 4-MeOPh Et2O r. t. 63 84 

9 Cu(HFacac)2 L*7 4-MeOPh Et2O 10 69 90 

10 Cu(HFacac)2 L*7 4-MeOPh Et2O 0 55 91 

11 Cu(HFacac)2 L*7 4-MeOPh Et2O 0 80 91 
aReaction conditions: (±)-SE41 (0.025 mmol), sulfoximine (1.1 equiv.), [Cu] (10 
mol%), L*n (10 mol%) and base (4.0 equiv.) in solvent (0.5 mL) for 72 h under argon; 
Yield of 41 was isolated; Ee was based on HPLC analysis.  
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Table S3. Reaction Condition Optimization with α-Aminocarbonyl Alkyl 
Bromidea 

 
entry [Cu] L*n X solvent T (°C) yield (%) e.e. (%) 

1 CuTc L*5 4.0 Et2O r. t. 60 44 

2 CuTc L*5 4.0 CH2Cl2 r. t. 71 17 

3 CuTc L*5 4.0 Dioxane r. t. 52 25 

4 CuTc L*5 4.0 Benzene r. t. 36 13 

5 CuTc L*6 4.0 Et2O r. t. 71 75 

6 CuI L*5 4.0 Et2O r. t. 56 61 

7 Cu(PPh3)3Br L*5 4.0 Et2O r. t. 70 44 

8 Cu(iPrCOO)2 L*5 4.0 Et2O r. t. 83 48 

9 Cu(HFacac)2 L*5 4.0 Et2O r. t. 90 77 

10 Cu(HFacac)2 L*6 4.0 Et2O r. t. 91 94 

11 Cu(HFacac)2 L*6 4.0 Et2O 0 85 96 

12 Cu(HFacac)2 L*6 2.5 Et2O r. t. 95 94 

13 Cu(HFacac)2 L*6 2.0 Et2O r. t. 83 93 
aReaction conditions: (±)-SE55 (0.025 mmol), N1 (1.0 equiv.), [Cu] (10 mol%), L*n 
(10 mol%), and base (4.0 equiv.) in solvent (0.5 mL) for 72 h under argon; Yield of 55 
was isolated; Ee was based on HPLC analysis. 
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Scheme S1. The Attempt of Other Common Ammonia Surrogates 
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Scheme S2. The Synthesis of Antipodes 
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Scheme S3. Radical Clock Experiments 

 

aThe complete loss of enantioselectivity indicates that 86 might have formed through 

facile direct substitution reactions between E3 and N1 due to the doubly activated 

nature of E3. 
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Figure S1. The time-course profile of the model reaction under the optimal conditions. 
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Figure S2. The X-ray structure of 26. 
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Figure S3. The X-ray structure of 58. 
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Figure S4. The X-ray structure of 83. 
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Figure S5. Cyclic voltammograms of compound 83 were measured in CH3CN in the 

presence of TBAPF6 (0.1 M) with scan rates of 100 mV s–1. Potentials are given vs. the 

ferrocene/ferrocenium (Fc/Fc+) couple. (a) and (b) are the scan spectra of corresponding 

oxidation and reduction, respectively. (c) is the whole scan spectrum of 83 with Fc/Fc+ 

in CH3CN. 
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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(I) thiophene-2-carboxylate (CuTc, CAS No. 68986-76-5) was purchased from 

Bide Pharmatech Ltd. Copper(II) hexafluoroacetylacetonate (Cu(HFacac)2, CAS No. 

14781-45-4) was purchased from TCI. Cs2CO3 was purchased from Bide Pharmatech 

Ltd. and 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 
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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. 
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General procedure for reaction condition screening. 

General procedure for Supplementary Table 1. 

 
Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a 

magnetic stir bar was charged with iminodiphenyl-λ6-sulfanone N1 (5.4 mg, 0.025 

mmol, 1.0 equiv.), [Cu] (0.0025 mmol, 10 mol%), chiral ligand L*n (0.0025 mmol, 10 

mol%), base (0.10 mmol, 4.0 equiv.) and anhydrous solvent (0.5 mL). To this solution 

was added (1-bromoethyl)benzene (4.6 mg, 0.025 mmol, 1.0 equiv.) and the reaction 

mixture was stirred at room temperature for 72 h. The precipitate was diluted with 

EtOAc, filtered through a short pad of Celite and washed with EtOAc. The filtrate was 

concentrated to afford the crude product, which was purified by column 

chromatography on silica gel to afford the desired product. 

General procedure for Supplementary Table 2. 

 
Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a 

magnetic stir bar was charged with sulfoximine (0.028 mmol, 1.1 equiv.), [Cu] (0.0025 

mmol, 10 mol%), chiral ligand L*n (0.0025 mmol, 10 mol%), Cs2CO3 (32.6 mg, 0.10 

mmol, 4.0 equiv.) and anhydrous solvent (0.5 mL). To this solution was added 2-

bromo-1-phenylpropan-1-one (5.3 mg, 0.025 mmol, 1.0 equiv.) and the reaction 

mixture was stirred for 72 h. The precipitate was diluted with EtOAc, filtered through 
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a short pad of Celite and washed with EtOAc. The filtrate was concentrated to afford 

the crude product, which was purified by column chromatography on silica gel to afford 

the desired product. 

General procedure for Supplementary Table 3. 

 
Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a 

magnetic stir bar was charged with iminodiphenyl-λ6-sulfanone (6.5 mg, 0.030 mmol, 

1.2 equiv.), [Cu] (0.0025 mmol, 10 mol%), chiral ligand L*n (0.0025 mmol, 10 mol%), 

Cs2CO3 (X equiv.) and anhydrous solvent (0.5 mL). Then, 2-bromo-1-(indolin-1-

yl)propan-1-one (6.3 mg, 0.025 mmol, 1.0 equiv.) was added into the mixture and 

stirred at room temperature for 18 h. The precipitate was diluted with EtOAc, filtered 

off and washed with EtOAc. The filtrate was concentrated and the residue was purified 

by column chromatography on silica gel to afford the desired product. 
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The synthesis of starting materials. 

 

All the benzylic halides were synthesized following the literatures.1 
 

The Synthesis of sulfoximines. 

General procedure SM A: To a solution of sulfide or sulfoxide (1.0 equiv.) in methanol 

were added PhI(OAc)2 (2.5 equiv.) and ammonium carbamate (2.0 equiv.) at 0 °C. The 

reaction mixture was warmed up to room temperature and stirred overnight. After that, 

the solvent was removed by evaporator and the residue was dissolved in CH2Cl2. The 

organic phase was washed with water, dried over Na2SO4, filtered, and concentrated to 

afford the crude product, which was purified by flash column chromatography on silica 

gel to afford the desired product. 

 

Iminodiphenyl-λ6-sulfanone (N1) 

 

According to General procedure SM A with sulfinyldibenzene (2.02 g, 10.0 mmol, 

1.0 equiv.), the reaction mixture was purified by column chromatography on silica gel 

(petroleum ether/EtOAc = 1/1) to yield the product N1 as a white powder (1.87 g, 86% 

yield). 
1H NMR (400 MHz, CDCl3) δ 8.21 – 7.91 (m, 4H), 7.67 – 7.37 (m, 6H), 2.74 (s, 1H). 
13C NMR (100 MHz, CDCl3) δ 143.4, 132.6, 129.1, 127.9. 

HRMS (ESI) m/z calcd. for C12H12NOS [M + H]+ 218.0634, found 218.0633. 
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Iminobis(4-methoxyphenyl)-λ6-sulfanone (SN2) 

 

According to General procedure SM A with 4,4'-sulfinylbis(methoxybenzene) (2.62 

g, 10.0 mmol, 1.0 equiv.), the reaction mixture was purified by column chromatography 

on silica gel (petroleum ether/EtOAc = 1/1) to yield the product SN2 as a yellow powder 

(2.22 g, 80% yield). 
1H NMR (400 MHz, CDCl3) δ 7.94 (d, J = 8.5 Hz, 4H), 6.93 (d, J = 8.5 Hz, 4H), 3.82 

(s, 6H), 2.92 (brs, 1H). 
13C NMR (100 MHz, CDCl3) δ 162.8, 135.6, 129.8, 114.3, 55.6. 

HRMS (ESI) m/z calcd. for C14H16NO3S [M + H]+ 278.0845, found 278.0844. 

 

di([1,1'-Biphenyl]-4-yl)(imino)-λ6-sulfanone (SN3) 

 

According to General procedure SM A with 4,4''-sulfinyldi1,1'-biphenyl (3.54 g, 10.0 

mmol, 1.0 equiv.), the reaction mixture was purified by column chromatography on 

silica gel (petroleum ether/EtOAc = 1/3) to yield the product SN3 as a white powder 

(2.44 g, 66% yield). 
1H NMR (400 MHz, CDCl3) δ 8.16 (d, J = 8.5 Hz, 4H), 7.81 – 7.65 (m, 4H), 7.65 – 

7.53 (m, 4H), 7.53 – 7.36 (m, 6H), 3.16 (brs, 1H). 
13C NMR (100 MHz, CDCl3) δ 145.6, 142.1, 139.4, 129.0, 128.47, 128.46, 127.9, 127.4. 

HRMS (ESI) m/z calcd. for C24H20NOS [M + H]+ 370.1260, found 370.1258. 
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bis(4-(tert-Butyl)phenyl)(imino)-λ6-sulfanone (SN4) 

 

According to General procedure SM A with 4,4'-sulfinylbis(tert-butylbenzene) (3.14 

g, 10.0 mmol, 1.0 equiv.), the reaction mixture was purified by column chromatography 

on silica gel (petroleum ether/EtOAc = 1/1) to yield the product SN4 as a white powder 

(2.66 g, 81% yield). 
1H NMR (400 MHz, CDCl3) δ 7.97 (d, J = 8.4 Hz, 4H), 7.47 (d, J = 8.5 Hz, 4H), 2.94 

(brs, 1H), 1.29 (s, 18H). 
13C NMR (100 MHz, CDCl3) δ 156.2, 140.6, 127.8, 126.1, 35.0, 31.1. 

HRMS (ESI) m/z calcd. for C20H28NOS [M + H]+ 330.1886, found 330.1883. 

 

bis(4-Cyclohexylphenyl)(imino)-λ6-sulfanone (SN5) 

O
S

HN

Cy

Cy
SN5  

According to General procedure SM A with 4,4'-sulfinylbis(cyclohexylbenzene) 

(3.66 g, 10.0 mmol, 1.0 equiv.), the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 1/1) to yield the product SN5 

as a white powder (3.16 g, 83% yield). 
1H NMR (400 MHz, CDCl3) δ 7.95 (d, J = 8.1 Hz, 4H), 7.28 (d, J = 8.0 Hz, 4H), 2.86 

(brs, 1H), 2.63 – 2.38 (m, 2H), 1.77 (dd, J = 33.6, 10.8 Hz, 10H), 1.50 – 1.09 (m, 10H). 
13C NMR (100 MHz, CDCl3) δ 153.0, 140.9, 128.0, 127.6, 44.4, 34.09, 34.07, 26.7, 

26.0. 

HRMS (ESI) m/z calcd. for C24H32NOS [M + H]+ 382.2199, found 382.2195. 
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bis(4-Fluorophenyl)(imino)-λ6-sulfanone (SN6) 

 

According to General procedure SM A with bis(4-fluorophenyl)sulfane (2.22 g, 10.0 

mmol, 1.0 equiv.), the reaction mixture was purified by column chromatography on 

silica gel (petroleum ether/EtOAc = 1/2) to yield the product SN6 as a yellow oil (2.28 

g, 90% yield). 
1H NMR (400 MHz, CDCl3) δ 8.11 – 7.95 (m, 4H), 7.22 – 7.06 (m, 4H), 3.23 (brs, 1H). 
13C NMR (100 MHz, CDCl3) δ 165.2 (d, J = 255.1 Hz), 139.3 (d, J = 3.1 Hz), 130.6 

(d, J = 9.5 Hz), 116.4 (d, J = 22.7 Hz). 
19F NMR (376 MHz, CDCl3) δ –105.6 (tt, J = 8.2, 4.8 Hz, 2F). 

HRMS (ESI) m/z calcd. for C12H10F2NOS [M + H]+ 254.0446, found 254.0444. 

 

bis(4-Chlorophenyl)(imino)-λ6-sulfanone (SN7) 

 

According to General procedure SM A with bis(4-chlorophenyl)sulfane (2.54 g, 10.0 

mmol, 1.0 equiv.), the reaction mixture was purified by column chromatography on 

silica gel (petroleum ether/EtOAc = 1/1) to yield the product SN7 as a yellow powder 

(2.48 g, 87% yield). 
1H NMR (400 MHz, CDCl3) δ 8.01 – 7.92 (m, 4H), 7.49 – 7.42 (m, 4H), 3.15 (s, 1H). 
13C NMR (100 MHz, CDCl3) δ 141.6, 139.6, 129.6, 129.4. 

HRMS (ESI) m/z calcd. for C12H10Cl2NOS [M + H]+ 285.9855, found 285.9854. 
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bis(4-Bromophenyl)(imino)-λ6-sulfanone (SN8) 

 

According to General procedure SM A with bis(4-bromophenyl)sulfane (3.42 g, 10.0 

mmol, 1.0 equiv.), the reaction mixture was purified by column chromatography on 

silica gel (petroleum ether/EtOAc = 1/1) to yield the product SN8 as an orange powder 

(3.36 g, 90% yield). 
1H NMR (400 MHz, CDCl3) δ 7.85 (d, J = 8.3 Hz, 4H), 7.58 (d, J = 8.3 Hz, 4H), 3.27 

(s, 1H). 
13C NMR (100 MHz, CDCl3) δ 142.1, 132.5, 129.5, 128.1. 

HRMS (ESI) m/z calcd. for C12H10Br2NOS [M + H]+ 373.8844, found 373.8844. 

 

4,4'-Sulfonimidoyldibenzonitrile (N2) 

 

According to General procedure SM A with 4,4'-sulfinyldibenzonitrile (2.52 g, 10.0 

mmol, 1.0 equiv.), the reaction mixture was purified by column chromatography on 

silica gel (petroleum ether/EtOAc = 1/2) to yield the product N2 as a yellow powder 

(2.32 g, 87% yield). 
1H NMR (400 MHz, CDCl3) δ 8.31 – 8.11 (m, 4H), 7.95 – 7.77 (m, 4H), 3.36 (s, 1H). 
13C NMR (100 MHz, CDCl3) δ 146.6, 133.2, 128.8, 117.09, 117.05. 

HRMS (ESI) m/z calcd. for C14H10N3OS [M + H]+ 268.0539, found 268.0538. 
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Dimethyl 4,4'-sulfonimidoyldibenzoate (SN10) 

 

According to General procedure SM A with dimethyl 4,4'-sulfinyldibenzoate (3.18 g, 

10.0 mmol, 1.0 equiv.), the reaction mixture was purified by column chromatography 

on silica gel (petroleum ether/EtOAc = 1/2) to yield the product SN10 as a white powder 

(2.73 g, 82% yield). 
1H NMR (400 MHz, CDCl3) δ 8.19 – 8.06 (m, 8H), 3.94 (s, 6H), 3.28 (s, 1H). 
13C NMR (100 MHz, CDCl3) δ 165.5, 146.7, 134.1, 130. 5, 128.1, 52.7. 

HRMS (ESI) m/z calcd. for C16H16NO5S [M + H]+ 334.0744, found 334.0742. 

 

bis(3,5-Dimethylphenyl)(imino)-λ6-sulfanone (SN11) 

 
According to General procedure SM A with dimethyl 5,5'-sulfinylbis(1,3-

dimethylbenzene) (2.58 g, 10.0 mmol, 1.0 equiv.), the reaction mixture was purified by 

column chromatography on silica gel (petroleum ether/EtOAc = 1/1) to yield the 

product SN11 as a white powder (1.97 g, 72% yield). 
1H NMR (400 MHz, CDCl3) δ 7.64 (s, 4H), 7.11 (s, 2H), 2.98 (s, 1H), 2.34 (s, 12H). 
13C NMR (100 MHz, CDCl3) δ 143.2, 139.1, 134.2, 125.4, 21.2. 

HRMS (ESI) m/z calcd. for C16H20NOS [M + H]+ 274.1260, found 274.1258. 
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The synthesis of SE40. 

 

To a solution of nBuLi (5.0 mL, 12.0 mmol, 1.2 equiv., 2.4 M in hexane) in THF (5.0 

mL) was added 3,3-dimethylbut-1-yne (984.0 mg, 12.0 mmol, 1.2 equiv.) dropwise 

with vigorously stirring at −78 °C under an argon atmosphere. After that, the mixture 

was warmed up to room temperature, stirred for another 30 min, and cooled down to 

−78 °C again. To this solution was added 3-phenylpropanal (1.34 g, 10.0 mmol, 1.0 

equiv.) dropwise. The reaction mixture was warmed up to room temperature and stirred 

for another 2 h. The reaction was quenched with slow addition of ice. The organic phase 

was washed with brine, dried over Na2SO4, filtered, and concentrated to afford the crude 

product SE40-1 (2.05 g, 95% yield) as a colorless oil, which was immediately applied 

to the next step without further purification. 

The crude SE40-1 (2.05 g) was dissolved in CH2Cl2 (20.0 mL) and cooled down to 

0 °C. To this solution were added imidazole (775.2 mg, 11.4 mmol, 1.2 equiv.) and 

PPh3Br2 (4.79 g, 11.4 mmol, 1.2 equiv.) sequentially at that temperature and the reaction 

mixture was warmed up to room temperature and stirred for another 3 h. The mixture 

was filtered through a short pad of Celite and washed with Et2O. The combined organic 

phase was concentrated to afford the crude product, which was purified by flash column 

chromatography on silica gel (petroleum ether/EtOAc = 5/1) to afford the desired 

product SE40 (2.38 g, 90% yield) as a colorless oil. 

 

6,6-Dimethyl-1-phenylhept-4-yn-3-ol (SE40-1) 

 
1H NMR (400 MHz, CDCl3) δ 7.36 – 7.29 (m, 2H), 7.28 – 7.19 (m, 3H), 4.40 (q, J = 

6.0 Hz, 1H), 2.83 (t, J = 7.9 Hz, 2H), 2.08 – 1.96 (m, 2H), 1.28 (s, 9H). 
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13C NMR (100 MHz, CDCl3) δ 141.7, 128.5, 128.4, 125.9, 94.2, 79.5, 61.9, 39.8, 31.6, 

31.1, 27.4. 

 

(3-Bromo-6,6-dimethylhept-4-yn-1-yl)benzene (SE40) 

 
1H NMR (400 MHz, CDCl3) δ 7.39 − 7.30 (m, 2H), 7.28 − 7.18 (m, 3H), 4.53 (t, J = 

6.7 Hz, 1H), 2.88 (t, J = 7.6 Hz, 2H), 2.44 − 2.22 (m, 2H), 1.27 (s, 9H). 
13C NMR (100 MHz, CDCl3) δ 140.4, 128.60, 128.55, 126.2, 96.7, 77.8, 41.8, 37.8, 

33.5, 30.8, 27.6. 

HRMS (ESI) m/z calcd. for C15H19 [M − Br]+ 199.1481, found 199.1482. 
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The synthesis of α-bromo ketones. 

General procedure SM B: To a solution of ketone (1.0 equiv.) in Et2O was added 

bromine (10.0 equiv.) dropwise at room temperature and the reaction mixture was 

stirred for another 1 h. Upon completion (monitored by TLC), the reaction was 

quenched with saturated NaHCO3 solution and extracted with Et2O three times. The 

combined organic phase was washed with Na2S2O3 solution and brine, then dried over 

Na2SO4 and concentrated to afford the residue. The residue was purified by flash 

column chromatography on silica gel to afford the desired product. 

 

2-Bromo-1-(3-methoxyphenyl)propan-1-one (SE44) 

 

According to General procedure SM B with 1-(3-methoxyphenyl)propan-1-one (1.64 

g, 10.0 mmol, 1.0 equiv.), the reaction mixture was purified by column chromatography 

on silica gel (petroleum ether/EtOAc = 4/1) to yield the product SE44 as a colorless oil 

(2.01 g, 83% yield). 
1H NMR (400 MHz, CDCl3) δ 7.64 – 7.59 (m, 1H), 7.57 (dd, J = 2.7, 1.6 Hz, 1H), 7.41 

(t, J = 8.0 Hz, 1H), 7.15 (ddd, J = 8.2, 2.7, 0.9 Hz, 1H), 5.30 (q, J = 6.6 Hz, 1H), 3.88 

(s, 3H), 1.92 (d, J = 6.6 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 193.2, 159.9, 135.4, 129.7, 121.3, 120.2, 113.3, 55.5, 

41.6, 20.2. 

HRMS (ESI) m/z calcd. for C10H12BrO2 [M + H]+ 243.0015, found 243.0015. 

 

1-(Benzo[d][1,3]dioxol-5-yl)-2-bromobutan-1-one (SE45) 
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According to General procedure SM B with 1-(benzo[d][1,3]dioxol-5-yl)butan-1-one 

(1.92 g, 10.0 mmol, 1.0 equiv.), the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 4/1) to yield the product SE45 

as a colorless oil (1.92 g, 71% yield). 
1H NMR (400 MHz, CDCl3) δ 7.68 – 7.59 (m, 1H), 7.53 – 7.47 (m, 1H), 6.92 – 6.84 

(m, 1H), 6.07 (s, 2H), 5.05 – 4.95 (m, 1H), 2.32 – 2.04 (m, 2H), 1.08 (t, J = 7.3 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 191.5, 152.3, 148.4, 129.2, 125.2, 108.7, 108.1, 102.1, 

49.0, 27.1, 12.2. 

HRMS (ESI) m/z calcd. for C11H12BrO3 [M + H]+ 270.9964 & 272.9944, found 

270.9963 & 272.9942. 

 

2-Bromo-1-(3-(trifluoromethyl)phenyl)propan-1-one (SE46) 

 

According to General procedure SM B with 1-(3-(trifluoromethyl)phenyl)propan-1-

one (2.02 g, 10.0 mmol, 1.0 equiv.), the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 5/1) to yield the product SE46 

as a colorless oil (2.49 g, 89% yield). 
1H NMR (400 MHz, CDCl3) δ 8.29 (s, 1H), 8.22 (d, J = 7.9 Hz, 1H), 7.86 (d, J = 7.8 

Hz, 1H), 7.65 (t, J = 7.8 Hz, 1H), 5.30 (d, J = 6.8 Hz, 1H), 1.94 (d, J = 6.6 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 192.0, 134.7, 132.0, 131.4 (q, J = 33.0 Hz), 130.0 (q, J 

= 3.6 Hz), 129.4, 125.8 (q, J = 3.8 Hz), 123.6 (q, J = 272.6 Hz), 41.2, 19.8. 
19F NMR (376 MHz, CDCl3) δ –62.9 (s, 3F). 

HRMS (ESI) m/z calcd. for C10H9BrF3O [M + H]+ 280.9783, found 280.9783. 
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2-Bromo-1-phenylpentan-1-one (SE50) 

 

According to General procedure SM B with 1-phenylpentan-1-one (1.62 g, 10.0 mmol, 

1.0 equiv.), the reaction mixture was purified by column chromatography on silica gel 

(petroleum ether/EtOAc = 5/1) to yield the product SE50 as a colorless oil (1.34 g, 56% 

yield). 
1H NMR (400 MHz, CDCl3) δ 8.10 – 7.99 (m, 2H), 7.68 – 7.58 (m, 1H), 7.57 – 7.46 

(m, 2H), 5.18 (dd, J = 7.8, 6.5 Hz, 1H), 2.27 – 2.08 (m, 2H), 1.70 – 1.36 (m, 2H), 1.01 

(t, J = 7.4 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 193.3, 134.5, 133.7, 128.9, 128.8, 47.1, 35.5, 20.8, 13.6. 

HRMS (ESI) m/z calcd. for C11H14BrO [M + H]+ 241.0223, found 241.0221. 

 

2-Bromo-1-(thiophen-2-yl)propan-1-one (SE51) 

 
According to General procedure SM B with 1-(thiophen-2-yl)propan-1-one (1.40 g, 

10.0 mmol, 1.0 equiv.), the reaction mixture was purified by column chromatography 

on silica gel (petroleum ether/EtOAc = 4/1) to yield the product SE51 as a colorless oil 

(1.70 g, 78% yield). 
1H NMR (400 MHz, CDCl3) δ 7.85 (dd, J = 3.9, 1.2 Hz, 1H), 7.70 (dd, J = 5.0, 1.1 Hz, 

1H), 7.16 (dd, J = 5.0, 3.9 Hz, 1H), 5.15 (q, J = 6.7 Hz, 1H), 1.90 (d, J = 6.7 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 186.9, 140.9, 134.9, 133.1, 128.3, 42.5, 20.4. 

HRMS (ESI) m/z calcd. for C7H8BrOS [M + H]+ 218.9474, found 218.9474. 

 

 

 

 



S29 

2-Bromo-4-methylpentan-3-one (SE53) 

 
To a solution of lithium bis(trimethylsilyl)amide (LiHMDS) (2.0 mmol, 20 mol%) in 

THF was added 2-methylpentan-3-one (1.00 g, 10.0 mmol, 1.0 equiv.) dropwise at 

−78 °C. The reaction mixture was then warmed up to 0 °C and stirred for 10 min. After 

cooling down to −78 °C, bromine (1.60 g, 10.0 mmol, 1.0 equiv.) was added dropwise 

and the mixture was stirred for another 10 min at that temperature. Then the reaction 

mixture was quenched with saturated NaHCO3 solution and extracted with Et2O. The 

combined organic phase was washed with brine, dried over Na2SO4 and concentrated 

to afford the crude product, which was purified by column chromatography on silica 

gel (petroleum ether/CH2Cl2 = 4/1) to yield the product SE53 as a colorless oil (1.37 g, 

77% yield). 
1H NMR (400 MHz, CDCl3) δ 4.56 (d, J = 6.8 Hz, 1H), 3.11 (hept, J = 6.8 Hz, 1H), 

1.74 (d, J = 6.8 Hz, 3H), 1.18 (d, J = 6.7 Hz, 3H), 1.14 (d, J = 7.0 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 207.9, 45.9, 37.5, 20.1, 19.5, 18.7. 

HRMS (ESI) m/z calcd. for C6H11O [M − Br]+ 99.0804, found 99.0810. 
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The synthesis of SE54. 

 
To a mixture of cyclohexanecarbaldehyde (1.68 g, 15.0 mmol, 1.0 equiv.) and K2CO3 

(0.41 g, 3.0 mmol, 0.2 equiv.) in Et2O (30.0 mL) was added trimethylsilyl cyanide (1.63 

g, 16.5 mmol, 1.1 equiv.) and the mixture was stirred at room temperature overnight. 

After completion (monitored by TLC), the reaction was quenched with saturated 

NaHCO3 solution and extracted with Et2O three times. The combined organic phase 

was washed with brine and concentrated to afford the crude product, which was purified 

by column chromatography on silica gel (petroleum ether/EtOAc = 5/1) to yield the 

product SE54-1 as a colorless oil (1.90 g, 91% yield). 

To a solution of SE54-1 (0.70 g, 5.0 mmol, 1.0 equiv.) in CH2Cl2 (25.0 mL) were added 

triphenylphosphine dibromide (2.53 g, 6.0 mmol, 1.2 equiv.) and imidazole (0.41 g, 6.0 

mmol, 1.2 equiv.) with vigorously stirring at 0 °C under argon. Then the reaction 

mixture was allowed to warm to room temperature and stirred overnight. After 

completion (monitored by TLC), the reaction was quenched with saturated NH4Cl 

solution and extracted with CH2Cl2 three times. The combined organic phase was 

washed with brine and concentrated to afford the crude product, which was purified by 

flash column chromatography on silica gel (petroleum ether/EtOAc = 20/1) to yield the 

product SE54 as a yellow oil (0.55 g, 55% yield). 

 

2-Cyclohexyl-2-hydroxyacetonitrile (SE54-1) 

 
1H NMR (400 MHz, CDCl3) δ 4.25 (d, J = 6.4 Hz, 1H), 3.95 (brs, 1H), 1.96 – 1.63 (m, 

6H), 1.34 – 1.02 (m, 5H). 
13C NMR (100 MHz, CDCl3) δ 119.5, 66.1, 42.1, 28.2, 27.9, 25.9, 25.43, 25.41. 
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2-Bromo-2-cyclohexylacetonitrile (SE54) 

 
1H NMR (400 MHz, CDCl3) δ 4.21 (d, J = 5.7 Hz, 1H), 2.10 – 1.93 (m, 2H), 1.92 – 

1.87 (m, 3H), 1.77 – 1.68 (m, 1H), 1.41 – 1.12 (m, 5H). 
13C NMR (100 MHz, CDCl3) δ 116.6, 42.7, 34.3, 30.4, 29.5, 25.6, 25.5. 

HRMS (ESI) m/z calcd. for C8H13BrN [M + H]+ 202.0226, found 202.0225. 

  



S32 

The synthesis of α-bromo amides. 

General procedure SM C: To a solution of Et3N (1.52 g, 15.0 mmol, 1.5 equiv.) and 

amine (10.0 mmol, 1.0 equiv.) in THF (5.0 mL) was added 2-bromopropanoyl bromide 

(2.59 g, 12.0 mmol, 1.2 equiv.) dropwise at 0 °C. Then the reaction mixture was warmed 

up to room temperature and stirred for 3 h. After completion (monitored by TLC), the 

reaction was quenched with saturated NH4Cl solution and extracted with EtOAc three 

times. The combined organic phase was washed with brine, dried over Na2SO4, filtrated 

and concentrated to afford the crude product, which was purified by flash column 

chromatography on silica gel to afford the desired product. 

General procedure SM D: To a solution of 2-bromo aliphatic acid (5.0 mmol, 1.0 

equiv.) and Et3N (1.52 g, 15.0 mmol, 3.0 equiv.) in THF (10.0 mL) was added pivaloyl 

chloride (603.0 mg, 5.0 mmol, 1.0 equiv.) dropwise at 0 °C. The reaction mixture was 

stirred at that temperature for 4 h, and then LiCl (0.21 g, 5.0 mmol, 1.0 equiv.) and 

morpholine (0.44 g, 5.0 mmol, 1.0 equiv.) were added sequentially. The mixture was 

warmed up to room temperature and stirred overnight. The reaction was quenched with 

1.0 M aqueous HCl solution and extracted with EtOAc three times. The combined 

organic phase was washed with 1.0 M aqueous NaOH solution and brine, dried over 

Na2SO4, filtrated and concentrated to afford the crude product, which was purified by 

flash column chromatography on silica gel to afford the desired product. 

General procedure SM E: To a solution of aliphatic acid (10.0 mmol, 1.0 equiv.) and 

hexamethylphosphoramide (HMPA) (0.5 mL) in THF (30.0 mL) was added lithium 

diisopropylamide (LDA) (11.0 mL, 11.0 mmol, 1.1 equiv., 1.0 M in THF) at −10 °C. 

After being stirred for 2 h at −10 °C, the reaction mixture was cooled down to −78 °C 

and treated with a solution of carbon tetrabromide (7.30 g, 22.0 mmol, 2.2 equiv.) in 

THF (3.0 mL). The solution was warmed up to room temperature over 1 h and stirred 

for another 1 h at room temperature. The reaction was quenched with brine, acidified 

with 2.0 M aqueous HCl solution, and extracted with Et2O three times. The combined 

organic phase was dried over magnesium sulfate, filtered and concentrated to afford the 

crude bromo acid, which was immediately used in the next step without further 
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purification. 

To a solution of the above bromo acid in CH2Cl2 (10.0 mL) was added oxalyl chloride 

(2.52 g, 20.0 mmol, 2.0 equiv.) and a drop of DMF at room temperature. The reaction 

mixture was stirred for 2 h at room temperature. Then the solvent was removed under 

reduced pressure to afford the bromo acyl chloride, which was immediately used in the 

next step without further purification. 

To a solution of morpholine (1.74 g, 20.0 mmol, 2.0 equiv.) and Et3N (2.02 g, 20.0 

mmol, 2.0 equiv.) in CH2Cl2 (20.0 mL) was added the above bromo acidic chloride at 

0 °C. The mixture was warmed up to room temperature and stirred overnight. The 

reaction was quenched with brine and extracted with EtOAc three times. The combined 

organic phase was dried over magnesium sulfate, filtered and concentrated to afford the 

crude product, which was purified by column chromatography on silica gel to yield the 

product. 

 

2-Bromo-1-(indolin-1-yl)propan-1-one (SE55) 

 

According to General procedure SM C with indoline (1.19 g, 10.0 mmol, 1.0 equiv.), 

the reaction mixture was purified by column chromatography on silica gel (petroleum 

ether/EtOAc = 5/1) to yield the product SE55 as a pink amorphous powder (2.20 g, 87% 

yield). 
1H NMR (400 MHz, CDCl3) δ 8.28 (d, J = 8.1 Hz, 1H), 7.36 − 7.17 (m, 2H), 7.09 (t, J 

= 7.5 Hz, 1H), 4.59 (q, J = 6.6 Hz, 1H), 4.40 (td, J = 10.0, 6.8 Hz, 1H), 4.08 (td, J = 

10.0, 6.9 Hz, 1H), 3.38 – 3.17 (m, 2H), 1.94 (d, J = 6.6 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 167.0, 142.7, 131.5, 127.7, 124.6, 124.4, 117.6, 47.8, 

40.9, 28.1, 21.3. 

HRMS (ESI) m/z calcd. for C11H13BrNO [M + H]+ 254.0175, found 254.0175. 
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2-Bromo-1-(5-(trifluoromethyl)indolin-1-yl)propan-1-one (SE57) 

 

According to General procedure SM C with 5-(trifluoromethyl)indoline (1.87 g, 10.0 

mmol, 1.0 equiv.), the reaction mixture was purified by column chromatography on 

silica gel (petroleum ether/EtOAc = 5/1) to yield the product SE57 as a pink amorphous 

powder (2.73 g, 85% yield). 
1H NMR (400 MHz, CDCl3) δ 8.34 (d, J = 8.5 Hz, 1H), 7.51 (d, J = 9.3 Hz, 1H), 7.46 

(s, 1H), 4.58 (q, J = 6.6 Hz, 1H), 4.48 (td, J = 10.1, 6.9 Hz, 1H), 4.17 – 4.11 (m, 1H), 

3.40 – 3.18 (m, 2H), 1.93 (d, J = 6.5 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 167.6, 145.6, 132.2, 126.2 (dd, J = 64.8, 32.2 Hz), 125.3 

(dd, J = 7.7, 3.9 Hz), 124.2 (q, J = 270.0 Hz), 122.0 – 120.7 (m), 117.2, 48.1, 40.5, 27.8, 

21.1. 
19F NMR (376 MHz, CDCl3) δ –61.8 (s, 3F). 

HRMS (ESI) m/z calcd. for C12H12BrF3NO [M + H]+ 322.0049, found 322.0049. 

 

2-Bromo-N-methyl-N-phenylpropanamide (SE59) 

 
According to General procedure SM C with N-methylaniline (1.07 g, 10.0 mmol, 1.0 

equiv.), the reaction mixture was purified by column chromatography on silica gel 

(petroleum ether/EtOAc = 5/1) to yield the product SE59 as a brown amorphous powder 

(1.88 g, 78% yield). 
1H NMR (400 MHz, CDCl3) δ 7.50 – 7.33 (m, 3H), 7.33 – 7.19 (m, 2H), 4.26 (q, J = 

6.7 Hz, 1H), 3.27 (s, 3H), 1.71 (d, J = 6.7 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 169.6, 142.9, 123.0, 128.5, 127.1, 39.1, 38.1, 21.9. 

HRMS (ESI) m/z calcd. for C10H13BrNO [M + H]+ 242.0175, found 242.0174. 
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2-Bromo-N-phenylpropanamide (SE60) 

 
According to General procedure SM C with aniline (0.93 g, 10.0 mmol, 1.0 equiv.), 

the reaction mixture was purified by column chromatography on silica gel (petroleum 

ether/EtOAc = 5/1) to yield the product SE60 as a white amorphous powder (1.88 g, 

83% yield). 
1H NMR (400 MHz, CDCl3) δ 8.46 (s, 1H), 7.57 (d, J = 7.9 Hz, 2H), 7.40 − 7.30 (m, 

2H), 7.17 (t, J = 7.4 Hz, 1H), 4.66 − 4.53 (m, 1H), 2.01 − 1.89 (m, 3H). 
13C NMR (100 MHz, CDCl3) δ 168.0, 137.2, 129.1, 125.1, 120.5, 44.8, 22.6. 

HRMS (ESI) m/z calcd. for C9H11BrNO [M + H]+ 228.0019, found 228.0018. 

 

2-Bromo-1-morpholinopropan-1-one (E2) 

 

According to General procedure SM C with morpholine (0.87 g, 10.0 mmol, 1.0 

equiv.), the reaction mixture was purified by column chromatography on silica gel 

(petroleum ether/EtOAc = 5/1) to yield the product E2 as a colorless oil (2.03 g, 92% 

yield). 
1H NMR (400 MHz, CDCl3) δ 4.57 – 4.46 (m, 1H), 3.88 – 3.54 (m, 6H), 3.53 – 3.37 

(m, 2H), 1.81 (t, J = 6.1 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 167.7, 66.6, 66.3, 46.5, 42.6, 37.7, 21.5. 

HRMS (ESI) m/z calcd. for C7H13BrNO2 [M + H]+ 222.0124, found 222.0124. 
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2-Bromo-1-morpholinohexan-1-one (SE62) 

 

According to General procedure SM D with 2-bromohexanoic acid (0.97 g, 5.0 mmol, 

1.0 equiv.), the reaction mixture was purified by column chromatography on silica gel 

(petroleum ether/EtOAc = 5/1) to yield the product SE62 as a colorless oil (0.82 g, 62% 

yield). 
1H NMR (400 MHz, CDCl3) δ 4.33 (t, J = 7.1 Hz, 1H), 3.86 – 3.39 (m, 8H), 2.24 – 

1.97 (m, 2H), 1.49 – 1.25 (m, 4H), 0.90 (t, J = 6.9 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 167.4, 66.7, 66.3, 46.6, 43.5, 42.6, 34.4, 29.7, 22.2, 

13.9. 

HRMS (ESI) m/z calcd. for C10H19BrNO2 [M + H]+ 264.0594, found 264.0594. 

 

2-Bromo-4-methyl-1-morpholinopentan-1-one (SE63) 

N

O

iBuO
SE63

Br

 

According to General procedure SM D with 2-bromo-4-methylpentanoic acid (0.97 

g, 5.0 mmol, 1.0 equiv.), the reaction mixture was purified by column chromatography 

on silica gel (petroleum ether/EtOAc = 5/1) to yield the product SE63 as a colorless oil 

(0.68 g, 52% yield). 
1H NMR (400 MHz, CDCl3) δ 4.43 (dd, J = 8.0, 6.6 Hz, 1H), 3.87 – 3.41 (m, 8H), 2.06 

– 1.71 (m, 3H), 1.01 – 0.86 (m, 6H). 
13C NMR (100 MHz, CDCl3) δ 167.4, 66.7, 66.3, 52.2, 46.6, 43.1, 41.8, 26.1, 22.5, 

21.8. 

HRMS (ESI) m/z calcd. for C10H19BrNO2 [M + H]+ 264.0594, found 264.0594. 
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2-Bromo-4-chloro-1-morpholinobutan-1-one (SE64) 

 

A mixture of 4-chlorobutanoic acid (1.22 g, 10.0 mmol, 1.0 equiv.), PBr3 (0.54 g, 2.0 

mmol, 0.2 equiv.) and Br2 (3.20 g, 20.0 mmol, 2.0 equiv.) was refluxed overnight. After 

concentration under reduced pressure, the crude bromo acetyl bromide was obtained 

and dissolved in CH2Cl2 (10.0 mL). To this solution were added morpholine (1.04 g, 

12.0 mmol, 1.2 equiv.) and Et3N (3.03 g, 30.0 mmol, 3.0 equiv.) sequentially at room 

temperature and the reaction mixture was stirred overnight. The reaction was quenched 

with saturated NH4Cl solution and extracted with CH2Cl2 three times. The combined 

organic phase was washed with brine, dried over Na2SO4, filtered and concentrated to 

afford the crude product, which was purified by column chromatography on silica gel 

(petroleum ether/EtOAc = 5/1) to afford the desired product SE64 as a colorless oil 

(1.10 g, 41% yield). 
1H NMR (400 MHz, CDCl3) δ 4.70 (t, J = 6.9 Hz, 1H), 3.85 – 3.44 (m, 10H), 2.57 – 

2.43 (m, 2H). 
13C NMR (100 MHz, CDCl3) δ 166.5, 66.6, 66.3, 46.6, 42.7, 42.5, 39.8, 36.9. 

HRMS (ESI) m/z calcd. for C8H14BrClNO2 [M + H]+ 269.9891, found 269.9890. 

 

2-(3-Bromo-4-morpholino-4-oxobutyl)isoindoline-1,3-dione (SE65) 

 
According to General procedure SM D with 2-bromo-4-(1,3-dioxoisoindolin-2-

yl)butanoic acid (1.56 g, 5.0 mmol, 1.0 equiv.), the reaction mixture was purified by 

column chromatography on silica gel (petroleum ether/EtOAc = 1/2) to yield the 
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product SE65 as a brown amorphous powder (0.78 g, 41% yield). 
1H NMR (400 MHz, CDCl3) δ 7.88 − 7.83 (m, 2H), 7.77 − 7.71 (m, 2H), 4.49 − 4.38 

(m, 1H), 3.92 – 3.43 (m, 10H), 2.83 – 2.60 (m, 1H), 2.38 – 2.19 (m, 1H). 
13C NMR (100 MHz, CDCl3) δ 168.4, 166.2, 134.1, 132.0, 123.3, 66.6, 66.4, 46.3, 42.6, 

39.4, 35.3, 33.8. 

HRMS (ESI) m/z calcd. for C16H18BrN2O4 [M + H]+ 381.0444, found 381.0442. 

 

2-Bromo-1-morpholino-4-phenoxybutan-1-one (SE66) 

 

According to General procedure SM E with 4-phenoxybutanoic acid (1.80 g, 10.0 

mmol, 1.0 equiv.), the reaction mixture was purified by column chromatography on 

silica gel (petroleum ether/EtOAc = 5/1) to yield the product SE66 as a red oil (1.96 g, 

60% yield). 
1H NMR (400 MHz, CDCl3) δ 7.34 – 7.24 (m, 2H), 6.98 (tt, J = 7.4, 1.1 Hz, 1H), 

6.91 (dt, J = 7.8, 1.0 Hz, 2H), 4.80 (dt, J = 7.9, 5.9 Hz, 1H), 4.25 – 4.02 (m, 2H), 3.87 

– 3.41 (m, 8H), 2.68 – 2.35 (m, 2H). 
13C NMR (100 MHz, CDCl3) δ 166.9, 158.6, 129.6, 121.2, 114.5, 66.72, 66.69, 63.9, 

46.5, 42.8, 42.7, 34.3. 

HRMS (ESI) m/z calcd. for C14H19BrNO3 [M + H]+ 328.0543, found 328.0543. 

 

Ethyl 4-bromo-5-morpholino-5-oxopentanoate (SE67) 

 

According to General procedure SM E with 5-ethoxy-5-oxopentanoic acid (1.60 g, 

10.0 mmol, 1.0 equiv.), the reaction mixture was purified by column chromatography 

on silica gel (petroleum ether/EtOAc = 5/1) to yield the product SE67 as a red oil (1.14 
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g, 37% yield). 
1H NMR (400 MHz, CDCl3) δ 4.71 – 4.61 (m, 1H), 4.14 (q, J = 7.2 Hz, 2H), 3.86 – 

3.45 (m, 8H), 2.61 – 2.48 (m, 2H), 2.44 – 2.31 (m, 2H), 1.27 (t, J = 7.2 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 172.8, 167.0, 66.6, 60.6, 46.5, 42.7, 42.3, 31.4, 29.7, 

14.2. 

HRMS (ESI) m/z calcd. for C11H19BrNO4 [M + H]+ 308.0492, found 308.0491. 

 

2-Bromo-1-morpholino-4-phenylbutan-1-one (SE68) 

 

According to General procedure SM E with 4-phenylbutanoic acid (1.64 g, 10.0 mmol, 

1.0 equiv.), the reaction mixture was purified by column chromatography on silica gel 

(petroleum ether/EtOAc = 5/1) to yield the product SE68 as a colorless oil (1.87 g, 60% 

yield). 
1H NMR (400 MHz, CDCl3) δ 7.40 – 7.12 (m, 5H), 4.28 – 4.23 (m, 1H), 3.91 – 3.28 

(m, 8H), 2.88 – 2.75 (m, 2H), 2.56 – 2.27 (m, 2H). 
13C NMR (100 MHz, CDCl3) δ 167.2, 140.2, 128.6, 126.4, 66.7, 66.2, 52.6, 46.5, 42.2, 

36.0, 33.3. 

HRMS (ESI) m/z calcd. for C14H19BrNO2 [M + H]+ 312.0594, found 312.0593. 

 

2-Bromo-1-morpholinohex-5-en-1-one (SE69) 

 

According to General procedure SM E with hex-5-enoic acid (1.14 g, 10.0 mmol, 1.0 

equiv.), the reaction mixture was purified by column chromatography on silica gel 

(petroleum ether/EtOAc = 5/1) to yield the product SE69 as a red oil (1.49 g, 57% 
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yield). 
1H NMR (400 MHz, CDCl3) δ 5.81 – 5.63 (m, 1H), 5.09 – 4.93 (m, 2H), 4.38 – 4.28 

(m, 1H), 3.82 – 3.32 (m, 8H), 2.26 – 2.07 (m, 4H). 
13C NMR (100 MHz, CDCl3) δ 167.2, 136.6, 116.2, 66.6, 66.3, 46.5, 42.6, 42.4, 33.5, 

31.4. 

HRMS (ESI) m/z calcd. for C10H17BrNO2 [M + H]+ 262.0437, found 262.0437. 
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Enantioconvergent N-alkylation reactions. 

All the racemic products were prepared by SN2 reaction without further optimization. 

General procedure: 

 
To a mixture of alkyl halides (3.0 equiv.) and sulfoximine (1.0 equiv.) in DMF was 

added KOH (3.0 equiv.). The reaction mixture was then warmed up to 60 °C and stirred 

for 3–12 h. After cooling to room temperature, the solution was diluted with H2O and 

extracted with EtOAc three times. The combined organic phase was washed with brine, 

dried over Na2SO4, filtered and concentrated to afford the crude product, which was 

purified by column chromatography on silica gel to afford the desired products. 

 

Enantioconvergent N-alkylation: scope of sulfoximines. (Figure 2B) 

General procedure A: 

 

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a 

magnetic stir bar was charged with iminodiphenyl-λ6-sulfanone (43.4 mg, 0.20 mmol, 

1.0 equiv.), CuTc (3.9 mg, 0.020 mmol, 10 mol%), chiral ligand L*7 (27.3 mg, 0.020 

mmol, 10 mol%), Cs2CO3 (260.8 mg, 0.80 mmol, 4.0 equiv.) and anhydrous Et2O (2.0 

mL). To this solution was added alkyl halide (0.20 mmol, 1.0 equiv.) and the reaction 

mixture was stirred at room temperature for 30 to 96 h. Upon completion (monitored 

by TLC), the precipitate was diluted with EtOAc. The mixture was then filtered through 

a short pad of Celite and washed with EtOAc. The filtrate was concentrated to afford 

the crude product, which was purified by column chromatography on silica gel to afford 

the desired product. 
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General procedure B:  

 

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a 

magnetic stir bar was charged with sulfoximine (0.20 mmol, 1.0 equiv.), CuTc (3.9 mg, 

0.020 mmol, 10 mol%), chiral ligand L*7 (27.3 mg, 0.020 mmol, 10 mol%), Cs2CO3 

(260.8 mg, 0.80 mmol, 4.0 equiv.) and anhydrous Et2O (2.0 mL). To this solution was 

added benzyl bromide (0.30 mmol, 1.5 equiv.) and the reaction mixture was stirred at 

room temperature for 3 to 5 d. Upon completion (monitored by TLC), the precipitate 

was diluted with EtOAc, then filtered through a pad of Celite and washed with EtOAc. 

The filtrate was concentrated to afford the crude product, which was purified by column 

chromatography on silica gel to afford the desired product. 

 

(S)-Diphenyl((1-phenylethyl)imino)-λ6-sulfanone (1) 

 

According to General procedure A with (1-bromoethyl)benzene (36.8 mg, 0.20 mmol, 

1.0 equiv.) for 60 h, the reaction mixture was purified by column chromatography on 

silica gel (petroleum ether/EtOAc = 5/1) to yield the product 1 as a colorless oil (51.8 

mg, 81% yield, 97% ee). 

[α]D20 = −37 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel IA (hexane/iPrOH = 99/1, flow rate 0.5 mL/min, λ = 230 nm), 

tR (major) = 38.53 min, tR (minor) = 49.20 min. 
1H NMR (400 MHz, CDCl3) δ 8.13 – 8.04 (m, 2H), 7.95 – 7.79 (m, 2H), 7.58 – 7.44 

(m, 6H), 7.43 – 7.37 (m, 2H), 7.37 – 7.30 (m, 2H), 7.27 – 7.20 (m, 1H), 4.44 (q, J = 6.6 

Hz, 1H), 1.59 (d, J = 6.6 Hz, 3H). 
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13C NMR (100 MHz, CDCl3) δ 147.5, 141.5, 140.8, 132.4, 132.3, 129.1, 129.0, 128.9, 

128.5, 128.2, 126.4, 126.2, 54.2, 28.2. 

HRMS (ESI) m/z calcd. for C20H20NOS [M + H]+ 322.1260, found 322.1258. 

 

According to General procedure A with (1-chloroethyl)benzene (28.0 mg, 0.20 mmol, 

1.0 equiv.) for 72 h, the reaction mixture was purified by column chromatography on 

silica gel (petroleum ether/EtOAc = 5/1) to yield the product as a colorless oil (45.6 mg, 

71% yield, 93% ee). 

HPLC analysis: Chiralcel IA (hexane/iPrOH = 99/1, flow rate 0.5 mL/min, λ = 254 nm), 

tR (major) = 29.91 min, tR (minor) = 44.48 min. 

 

(R)-Diphenyl((1-phenylethyl)imino)-λ6-sulfanone ((R)-1) 

 

According to General procedure A with (1-bromoethyl)benzene (36.8 mg, 0.20 mmol, 

1.0 equiv.) and chiral ligand L*7' for 60 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 5/1) to yield the product (R)-1 

as a colorless oil (63.6 mg, 99% yield, 98% ee). 

HPLC analysis: Chiralcel IA (hexane/iPrOH = 99/1, flow rate 0.5 mL/min, λ = 254 nm), 

tR (minor) = 24.87 min, tR (major) = 27.64 min. 

 

(S)-bis(4-Methoxyphenyl)((1-phenylethyl)imino)-λ6-sulfanone (2) 

 

According to General procedure B with iminobis(4-methoxyphenyl)-λ6-sulfanone 

(55.4 mg, 0.20 mmol, 1.0 equiv.) for 5 d, the reaction mixture was purified by column 
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chromatography on silica gel (petroleum ether/EtOAc = 5/1) to yield the product 2 as a 

colorless oil (75.6 mg, 99% yield, 98% ee). 

[α]D20 = −32 (c 1.6, CH2Cl2). 

HPLC analysis: Chiralcel ID (hexane/iPrOH = 80/20, flow rate 1.0 mL/min, λ = 254 

nm), tR (major) = 13.36 min, tR (minor) = 17.99 min. 
1H NMR (400 MHz, CDCl3) δ 7.99 – 7.91 (m, 2H), 7.75 – 7.67 (m, 2H), 7.46 – 7.39 

(m, 2H), 7.33 – 7.27 (m, 2H), 7.24 – 7.17 (m, 1H), 6.96 – 6.89 (m, 2H), 6.88 – 6.79 (m, 

2H), 4.37 (q, J = 6.6 Hz, 1H), 3.81 (s, 3H), 3.79 (s, 3H), 1.54 (d, J = 6.6 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 162.8, 162.7, 147.9, 133.7, 132.7, 130.9, 130.4, 128.3, 

126.4, 114.4, 114.3, 55.7, 55.6, 54.2, 28.4. 

HRMS (ESI) m/z calcd. for C22H24NO3S [M + H]+ 382.1471, found 382.1467. 

 

(S)-di([1,1'-Biphenyl]-4-yl)((1-phenylethyl)imino)-λ6-sulfanone (3) 

 

According to General procedure B with di([1,1'-biphenyl]-4-yl)(imino)-λ6-sulfanone 

(73.8 mg, 0.20 mmol, 1.0 equiv.) for 5 d, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 5/1) to yield the product 3 as a 

colorless oil (55.8 mg, 59% yield, 97% ee). 

[α]D20 = −9 (c 2.0, CH2Cl2). 

HPLC analysis: Chiralcel IE (hexane/iPrOH = 80/20, flow rate 1.0 mL/min, λ = 254 

nm), tR (major) = 12.65 min, tR (minor) = 16.82 min. 
1H NMR (400 MHz, CDCl3) δ 8.20 – 8.11 (m, 2H), 7.95 – 7.88 (m, 2H), 7.73 – 7.66 

(m, 2H), 7.63 – 7.52 (m, 6H), 7.50 – 7.42 (m, 6H), 7.42 – 7.37 (m, 2H), 7.36 – 7.30 (m, 

2H), 7.26 – 7.20 (m, 1H), 4.50 (q, J = 6.6 Hz, 1H), 1.62 (d, J = 6.6 Hz, 3H). 
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13C NMR (100 MHz, CDCl3) δ 147.7, 145.5, 145.3, 140.3, 139.62, 139.59, 129.6, 

129.12, 129.10, 129.06, 128.48, 128.46, 128.3, 127.91, 127.89, 127.5, 127.4, 126.5, 

126.4, 54.4, 28.4. 

HRMS (ESI) m/z calcd. for C32H28NOS [M + H]+ 474.1886, found 474.1884. 

 

(S)-bis(4-(tert-Butyl)phenyl)((1-phenylethyl)imino)-λ6-sulfanone (4) 

 

According to General procedure B with bis(4-(tert-butyl)phenyl)(imino)-λ6-sulfanone 

(65.8 mg, 0.20 mmol, 1.0 equiv.) at 0 °C for 5 d, the reaction mixture was purified by 

column chromatography on silica gel (petroleum ether/EtOAc = 5/1) to yield the 

product 4 as a colorless oil (77.9 mg, 90% yield, 92% ee). 

[α]D20 = −40 (c 0.6, CH2Cl2). 

HPLC analysis: Chiralcel IC (hexane/iPrOH = 80/20, flow rate 1.0 mL/min, λ = 254 

nm), tR (major) = 5.80 min, tR (minor) = 7.26 min. 
1H NMR (400 MHz, CDCl3) δ 8.01 – 7.93 (m, 2H), 7.76 – 7.69 (m, 2H), 7.51 – 7.45 

(m, 2H), 7.45 – 7.40 (m, 2H), 7.39 – 7.34 (m, 2H), 7.33 – 7.27 (m, 2H), 7.24 – 7.16 (m, 

1H), 4.41 (q, J = 6.6 Hz, 1H), 1.55 (d, J = 6.6 Hz, 3H), 1.30 (s, 9H), 1.28 (s, 9H). 
13C NMR (100 MHz, CDCl3) δ 156.0, 155.9, 147.9, 138.8, 137.9, 128.8, 128.4, 128.2, 

126.4, 126.3, 126.2, 126.1, 54.1, 35.2, 35.1, 31.23, 31.21, 28.3. 

HRMS (ESI) m/z calcd. for C28H36NOS [M + H]+ 434.2512, found 434.2508. 
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(S)-bis(4-Cyclohexylphenyl)((1-phenylethyl)imino)-λ6-sulfanone (5) 

 
According to General procedure A with (1-bromoethyl)benzene (36.8 mg, 0.20 mmol, 

1.0 equiv.) and bis(4-cyclohexylphenyl)(imino)-λ6-sulfanone (76.2 mg, 0.20 mmol, 1.0 

equiv.) for 3 d, the reaction mixture was purified by column chromatography on silica 

gel (petroleum ether/EtOAc = 5/1) to yield the product 5 as a colorless oil (50.4 mg, 

52% yield, 92% ee). 

[α]D20 = −17 (c 2.0, CH2Cl2). 

HPLC analysis: Chiralcel IC (hexane/iPrOH = 80/20, flow rate 1.0 mL/min, λ = 254 

nm), tR (major) = 7.41 min, tR (minor) = 9.35 min. 
1H NMR (400 MHz, CDCl3) δ 7.97 – 7.90 (m, 2H), 7.75 – 7.66 (m, 2H), 7.44 – 7.38 

(m, 2H), 7.29 (m, 4H), 7.23 – 7.15 (m, 3H), 4.39 (q, J = 6.6 Hz, 1H), 2.59 – 2.41 (m, 

2H), 1.90 – 1.68 (m, 10H), 1.54 (d, J = 6.6 Hz, 3H), 1.44 – 1.13 (m, 10H). 
13C NMR (100 MHz, CDCl3) δ 152.9, 152.8, 147.9, 139.1, 138.3, 129.1, 128.6, 128.2, 

127.6, 126.4, 126.3, 54.2, 44.61, 44.56, 34.3, 34.2, 28.3, 26.8, 26.1. 

HRMS (ESI) m/z calcd. for C32H40NOS [M + H]+ 486.2825, found 486.2822. 

 

(S)-bis(4-Fluorophenyl)((1-phenylethyl)imino)-λ6-sulfanone (6) 

 

According to General procedure B with bis(4-fluorophenyl)(imino)-λ6-sulfanone 

(50.6 mg, 0.20 mmol, 1.0 equiv.) for 5 d, the reaction mixture was purified by column 
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chromatography on silica gel (petroleum ether/EtOAc = 5/1) to yield the product 6 as a 

colorless oil (58.5 mg, 82% yield, 98% ee). 

[α]D20 = −44 (c 0.3, CH2Cl2). 

HPLC analysis: Chiralcel IG (hexane/iPrOH = 95/5, flow rate 1.0 mL/min, λ = 254 

nm), tR (major) = 8.93 min, tR (minor) = 10.40 min. 
1H NMR (400 MHz,) δ 8.08 – 7.99 (m, 2H), 7.82 – 7.72 (m, 2H), 7.42 – 7.34 (m, 2H), 

7.30 (m, 2H), 7.24 – 7.19 (m, 1H), 7.18 – 7.11 (m, 2H), 7.08 – 7.00 (m, 2H), 4.37 (q, J 

= 6.6 Hz, 1H), 1.54 (d, J = 6.6 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ165.3 (d, J = 254.7 Hz), 165.2 (d, J = 254.6 Hz), 147.3, 

137.5 (d, J = 2.8 Hz), 136.8 (d, J = 3.2 Hz), 131.7 (d, J = 9.4 Hz), 131.2 (d, J = 9.4 Hz), 

128.4, 126.7, 126.3, 116.6, 116.3, 54.4, 28.3. 
19F NMR (376 MHz, CDCl3) δ −106.0 (tt, J = 8.2, 5.2 Hz, 1F), −106.1 (tt, J = 8.3, 5.0 

Hz, 1F). 

HRMS (ESI) m/z calcd. for C20H18F2NOS [M + H]+ 358.1072, found 358.1067. 

 

(S)-bis(4-Chlorophenyl)((1-phenylethyl)imino)- λ6-sulfanone (7) 

 

According to General procedure A with (1-bromoethyl)benzene (36.8 mg, 0.20 mmol, 

1.0 equiv.) and bis(4-chlorophenyl)(imino)-λ6-sulfanone (57.0 mg, 0.20 mmol, 1.0 

equiv.) for 5 d, the reaction mixture was purified by column chromatography on silica 

gel (petroleum ether/EtOAc = 5/1) to yield the product 7 as a colorless oil (56.0 mg, 

72% yield, 94% ee). 

[α]D20 = −18 (c 2.0, CH2Cl2). 

HPLC analysis: Chiralcel IG (hexane/iPrOH = 95/5, flow rate 1.0 mL/min, λ = 254 

nm), tR (major) = 10.20 min, tR (minor) = 13.26 min. 
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1H NMR (400 MHz, CDCl3) δ 7.99 – 7.91 (m, 2H), 7.74 – 7.65 (m, 2H), 7.47 – 7.41 

(m, 2H), 7.40 – 7.34 (m, 3H), 7.33 – 7.27 (m, 3H), 7.24 – 7.18 (m, 1H), 4.38 (q, J = 6.6 

Hz, 1H), 1.54 (d, J = 6.6 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 147.1, 139.9, 139.4, 139.27, 139.25, 130.4, 130.0, 129.5, 

128.4, 126.7, 126.3, 54.4, 28.2. 

HRMS (ESI) m/z calcd. for C20H18Cl2NOS [M + H]+ 390.0481, found 390.0477. 

 

(S)-bis(4-Bromophenyl)((1-phenylethyl)imino)-λ6-sulfanone (8) 

 

According to General procedure A with (1-bromoethyl)benzene (36.8 mg, 0.20 mmol, 

1.0 equiv.) and bis(4-bromophenyl)(imino)- λ6-sulfanone (74.6 mg, 0.20 mmol, 1.0 

equiv.) for 5 d, the reaction mixture was purified by column chromatography on silica 

gel (petroleum ether/EtOAc = 5/1) to yield the product 8 as a colorless oil (44.8 mg, 

47% yield, 96% ee). 

[α]D20 = −3 (c 1.9, CH2Cl2). 

HPLC analysis: Chiralcel IG (hexane/iPrOH = 90/10, flow rate 1.0 mL/min, λ = 254 

nm), tR (major) = 8.39 min, tR (minor) = 10.53 min. 
1H NMR (400 MHz, CDCl3) δ 7.90 – 7.83 (m, 2H), 7.66 – 7.58 (m, 4H), 7.54 – 7.47 

(m, 2H), 7.39 – 7.34 (m, 2H), 7.33 – 7.27 (m, 2H), 7.24 – 7.18 (m, 1H), 4.37 (q, J = 6.6 

Hz, 1H), 1.54 (d, J = 6.6 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 147.1, 140.5, 139.8, 132.6, 130.6, 130.1, 128.4, 128.0, 

127.9, 126.7, 126.3, 54.4, 28.2. 

HRMS (ESI) m/z calcd. for C20H18Br2NOS [M + H]+ 477.9470, found 477.9469. 
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(S)-4,4'-((1-Phenylethyl)sulfonimidoyl)dibenzonitrile (9) 

 

According to General procedure B with 4,4'-sulfonimidoyldibenzonitrile N2 (53.4 mg, 

0.20 mmol, 1.0 equiv.) for 5 d, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 3/1) to yield the product 9 as a 

colorless oil (33.4 mg, 45% yield, 90% ee). 

[α]D20 = −3 (c 1.7, CH2Cl2). 

HPLC analysis: Chiralcel IA (hexane/iPrOH = 80/20, flow rate 1.0 mL/min, λ = 254 

nm), tR (minor) = 12.02 min, tR (major) = 14.15 min. 
1H NMR (400 MHz, CDCl3) δ 8.18 – 8.10 (m, 2H), 7.89 – 7.82 (m, 2H), 7.83 – 7.75 

(m, 2H), 7.69 – 7.62 (m, 2H), 7.35 – 7.25 (m, 4H), 7.26 – 7.17 (m, 1H), 4.41 (q, J = 6.6 

Hz, 1H), 1.55 (d, J = 6.6 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 146.3, 145.0, 144.8, 133.2, 133.1, 129.7, 129.3, 128.6, 

127.1, 126.2, 117.3, 116.9, 116.7, 54.5, 27.9. 

HRMS (ESI) m/z calcd. for C22H18N3OS [M + H]+ 372.1165, found 372.1161. 

 

Dimethyl 4,4'-((1-phenylethyl)sulfonimidoyl)(S)-dibenzoate (10) 

 

According to General procedure B with Dimethyl 4,4'-sulfonimidoyldibenzoate (66.6 

mg, 0.20 mmol, 1.0 equiv.) for 5 d, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 4/1) to yield the product 10 as 

a colorless oil (40.2 mg, 46% yield, 97% ee). 
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[α]D20 = −30 (c 0.3, CH2Cl2). 

HPLC analysis: Chiralcel IC (hexane/iPrOH = 80/20, flow rate 1.0 mL/min, λ = 254 

nm), tR (major) = 20.26 min, tR (minor) = 26.54 min. 
1H NMR (400 MHz, CDCl3) δ 8.18 – 8.07 (m, 4H), 8.02 (d, J = 8.5 Hz, 2H), 7.90 – 

7.82 (m, 2H), 7.41 – 7.35 (m, 2H), 7.33 – 7.27 (m, 2H), 7.24 – 7.17 (m, 1H), 4.40 (q, J 

= 6.6 Hz, 1H), 3.93 (s, 3H), 3.91 (s, 3H), 1.55 (d, J = 6.6 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 165.8, 147.0, 145.1, 144.7, 134.0, 133.9, 130.5, 130.4, 

129.1, 128.7, 128.4, 126.8, 126.3, 54.5, 52.8, 52.7, 28.1. 

HRMS (ESI) m/z calcd. for C24H24NO5S [M + H]+ 438.1370, found 438.1367. 

 

(S)-bis(3,5-Dimethylphenyl)((1-phenylethyl)imino)-λ6-sulfanone (11) 

 

According to General procedure A with (1-bromoethyl)benzene (36.8 mg, 0.20 mmol, 

1.0 equiv.) and bis(3,5-dimethylphenyl)(imino)-λ6-sulfanone (54.6 mg, 0.20 mmol, 1.0 

equiv.) for 72 h, the reaction mixture was purified by column chromatography on silica 

gel (petroleum ether/EtOAc = 5/1) to yield the product 11 as a colorless oil (45.2 mg, 

60% yield, 90% ee). 

[α]D20 = −33 (c 2.0, CH2Cl2). 

HPLC analysis: Chiralcel IE (hexane/iPrOH = 80/20, flow rate 1.0 mL/min, λ = 254 

nm), tR (major) = 7.99 min, tR (minor) = 8.95 min. 
1H NMR (400 MHz, CDCl3) δ 7.66 – 7.60 (m, 2H), 7.43 – 7.37 (m, 4H), 7.33 – 7.28 

(m, 2H), 7.23 – 7.17 (m, 1H), 7.13 – 7.09 (m, 1H), 7.08 – 7.03 (m, 1H), 4.37 (q, J = 6.6 

Hz, 1H), 2.35 (s, 6H), 2.24 (s, 6H), 1.56 (d, J = 6.6 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 147.9, 141.3, 140.7, 139.04, 138.97, 134.2, 134.0, 128.2, 

126.6, 126.5, 126.4, 125.9, 54.3, 28.2, 21.4, 21.3. 

HRMS (ESI) m/z calcd. for C24H28NOS [M + H]+ 378.1886, found 378.1882. 
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Enantioconvergent N-alkylation: scope of benzyl and propargyl halides. (Figure 

2B) 

General procedure C:  

 

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a 

magnetic stir bar was charged with iminodiphenyl-λ6-sulfanone (43.4 mg, 0.20 mmol, 

1.0 equiv.), CuTc (3.9 mg, 0.020 mmol, 10 mol%), chiral ligand L*6 (27.3 mg, 0.020 

mmol, 10 mol%), Cs2CO3 (260.8 mg, 0.80 mmol, 4.0 equiv.) and anhydrous Et2O (2.0 

mL). To this solution was added alkyl halide (0.20 mmol, 1.0 equiv.) and the reaction 

mixture was stirred at 0 °C for 30–96 h. Upon completion (monitored by TLC), the 

precipitate was diluted with EtOAc, then filtered through a short pad of Celite and 

washed with EtOAc. The filtrate was concentrated to afford the crude product, which 

was purified by column chromatography on silica gel to afford the desired product. 

 

(S)-Diphenyl((1-(p-tolyl)ethyl)imino)-λ6-sulfanone (12) 

 

According to General procedure A with 1-(1-bromoethyl)-4-methylbenzene (39.6 mg, 

0.20 mmol, 1.0 equiv.) for 60 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 5/1) to yield the product 12 as 

a colorless oil (60.3 mg, 90% yield, >99% ee). 

[α]D20 = −50 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel IA (hexane/iPrOH = 99/1, flow rate 0.5 mL/min, λ = 230 nm), 

tR (major) = 44.39 min, tR (minor) = 66.88 min. 
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1H NMR (400 MHz, CDCl3) δ 8.12 – 7.98 (m, 2H), 7.89 – 7.77 (m, 2H), 7.52 – 7.40 

(m, 4H), 7.40 – 7.34 (m, 2H), 7.31 (d, J = 8.1 Hz, 2H), 7.11 (d, J = 7.8 Hz, 2H), 4.36 

(q, J = 6.6 Hz, 1H), 2.33 (s, 3H), 1.54 (d, J = 6.6 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 144.6, 141.6, 140.8, 135.8, 132.3, 132.2, 129.1, 129.03, 

128.97, 128.9, 128.5, 126.1, 54.0, 28.3, 21.1. 

HRMS (ESI) m/z calcd. for C21H22NOS [M + H]+ 336.1417, found 336.1415. 

 

(S)-Diphenyl((1-(o-tolyl)ethyl)imino)-λ6-sulfanone (13) 

 

According to General procedure A with 1-(1-bromoethyl)-2-methylbenzene (39.6 mg, 

0.20 mmol, 1.0 equiv.) for 96 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 5/1) to yield the product 13 as 

a colorless oil (61.0 mg, 91% yield, >99% ee). 

[α]D20 = 7 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel IA (hexane/iPrOH = 99/1, flow rate 0.5 mL/min, λ = 230 nm), 

tR (major) = 32.31 min, tR (minor) = 47.47 min. 
1H NMR (400 MHz, CDCl3) δ 8.16 – 8.06 (m, 2H), 7.92 (dd, J = 7.8, 1.4 Hz, 1H), 7.83 

– 7.74 (m, 2H), 7.58 – 7.42 (m, 4H), 7.40 – 7.27 (m, 3H), 7.15 (td, J = 7.4, 1.5 Hz, 1H), 

7.05 (dd, J = 7.7, 1.4 Hz, 1H), 4.65 (q, J = 6.5 Hz, 1H), 2.04 (s, 3H), 1.54 (d, J = 6.5 

Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 145.9, 141.5, 141.0, 133.4, 132.4, 132.2, 129.9, 129.02, 

128.99, 128.9, 128.4, 126.6, 126.3, 126.1, 50.3, 27.3, 19.0. 

HRMS (ESI) m/z calcd. for C21H22NOS [M + H]+ 336.1417, found 336.1415. 
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(S)-((1-(4-Fluorophenyl)ethyl)imino)diphenyl-λ6-sulfanone (14) 

 

According to General procedure A with 1-(1-bromoethyl)-4-fluorobenzene (40.4 mg, 

0.20 mmol, 1.0 equiv.) for 72 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 5/1) to yield the product 14 as 

a colorless oil (63.1 mg, 93% yield, 96% ee). 

[α]D20 = −58 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel IA (hexane/iPrOH = 99/1, flow rate 0.5 mL/min, λ = 254 nm), 

tR (major) = 40.70 min, tR (minor) = 50.64 min. 
1H NMR (400 MHz, CDCl3) δ 8.12 – 8.00 (m, 2H), 7.91 – 7.81 (m, 2H), 7.58 – 7.45 

(m, 4H), 7.44 – 7.34 (m, 4H), 7.00 (t, J = 8.6 Hz, 2H), 4.41 (q, J = 6.6 Hz, 1H), 1.56 (d, 

J = 6.6 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 161.5 (d, J = 243.7 Hz), 143.3 (d, J = 3.0 Hz), 141.3, 

140.8, 132.4, 132.3, 129.09, 129.07, 128.8, 128.4, 127.7 (d, J = 7.8 Hz), 114.8 (d, J = 

21.0 Hz), 53.5, 28.2. 
19F NMR (376 MHz, CDCl3) δ –117.2 (td, J = 8.9, 4.4 Hz, 1F). 

HRMS (ESI) m/z calcd. for C20H19FNOS [M + H]+ 340.1166, found 340.1164. 

 

(S)-((1-(4-Chlorophenyl)ethyl)imino)diphenyl-λ6-sulfanone (15) 

 

According to General procedure A with 1-(1-bromoethyl)-4-chlorobenzene (43.6 mg, 

0.20 mmol, 1.0 equiv.) for 72 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 5/1) to yield the product 15 as 

a colorless oil (66.0 mg, 93% yield, >99% ee). 

[α]D20 = −118 (c 1.0, CH2Cl2). 
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HPLC analysis: Chiralcel IA (hexane/iPrOH = 99/1, flow rate 0.5 mL/min, λ = 230 nm), 

tR (major) = 41.11 min, tR (minor) = 55.00 min. 
1H NMR (400 MHz, CDCl3) δ 8.06 (d, J = 8.1 Hz, 2H), 7.85 (d, J = 7.9 Hz, 2H), 7.57 

– 7.45 (m, 4H), 7.46 – 7.32 (m, 4H), 7.29 (d, J = 8.1 Hz, 2H), 4.39 (q, J = 6.6 Hz, 1H), 

1.56 (d, J = 6.5 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 146.1, 141.3, 140.7, 132.5, 132.4, 131.9, 129.1, 128.8, 

128.4, 128.3, 127.7, 53.6, 28.1. 

HRMS (ESI) m/z calcd. for C20H19ClNOS [M + H]+ 356.0870, found 356.0868. 

 

(S)-((1-(4-Bromophenyl)ethyl)imino)diphenyl-λ6-sulfanone (16) 

 

According to General procedure A with 1-bromo-4-(1-bromoethyl)benzene (52.4 mg, 

0.20 mmol, 1.0 equiv.) for 72 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 5/1) to yield the product 16 as 

a colorless oil (66.2 mg, 83% yield, 97% ee). 

[α]D20 = −123 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel IA (hexane/iPrOH = 99/1, flow rate 0.5 mL/min, λ = 230 nm), 

tR (major) = 43.10 min, tR (minor) = 60.89 min. 
1H NMR (400 MHz, CDCl3) δ 8.05 (d, J = 8.0 Hz, 2H), 7.85 (d, J = 7.6 Hz, 2H), 7.62 

– 7.36 (m, 8H), 7.32 (dd, J = 8.4, 2.0 Hz, 2H), 4.38 (q, J = 6.6 Hz, 1H), 1.55 (d, J = 6.7 

Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 146.6, 141.3, 140.7, 132.5, 132.4, 131.2, 129.1, 128.8, 

128.4, 128.1, 120.0, 53.7, 28.1. 

HRMS (ESI) m/z calcd. for C20H19BrNOS [M + H]+ 400.0365 & 402.0345, found 

400.0364 & 402.0341. 
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(S)-((1-(4-Iodophenyl)ethyl)imino)diphenyl-λ6-sulfanone (17) 

 

According to General procedure A with 1-(1-bromoethyl)-4-iodobenzene (62.0 mg, 

0.20 mmol, 1.0 equiv.) for 72 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 5/1) to yield the product 17 as 

a yellow oil (71.5 mg, 80% yield, 98% ee). 

[α]D20 = −76 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel IA (hexane/iPrOH = 99/1, flow rate 0.5 mL/min, λ = 230 nm), 

tR (major) = 45.58 min, tR (minor) = 62.72 min. 
1H NMR (400 MHz, CDCl3) δ 8.08 – 7.97 (m, 2H), 7.84 – 7.78 (m, 2H), 7.64 – 7.58 

(m, 2H), 7.55 – 7.43 (m, 4H), 7.42 – 7.34 (m, 2H), 7.20 – 7.14 (m, 2H), 4.33 (q, J = 6.6 

Hz, 1H), 1.51 (d, J = 6.6 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 147.3, 141.2, 140.7, 137.2, 132.5, 132.4, 129.1, 128.8, 

128.4, 91.6, 53.8, 28.0. 

HRMS (ESI) m/z calcd. for C20H19INOS [M + H]+ 448.0227, found 448.0225. 

 

(S)-((1-(3-Iodophenyl)ethyl)imino)diphenyl-λ6-sulfanone (18) 

 

According to General procedure A with 1-(1-bromoethyl)-3-iodobenzene (62.0 mg, 

0.20 mmol, 1.0 equiv.) for 72 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 5/1) to yield the product 18 as 

a yellow oil (71.5 mg, 80% yield, 97% ee). 

[α]D20 = −16 (c 0.9, CH2Cl2). 

HPLC analysis: Chiralcel IA (hexane/iPrOH = 99/1, flow rate 0.5 mL/min, λ = 230 nm), 

tR (major) = 39.88 min, tR (minor) = 46.09 min. 
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1H NMR (400 MHz, CDCl3) δ 8.06 (d, J = 6.4 Hz, 2H), 7.84 (d, J = 7.4 Hz, 2H), 7.75 

(s, 1H), 7.60 – 7.31 (m, 8H), 7.05 (t, J = 7.7 Hz, 1H), 4.35 (q, J = 6.6 Hz, 1H), 1.55 (d, 

J = 6.6 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 148.8, 140.1, 139.6, 134.4, 134.3, 131.5, 131.4, 129.0, 

128.1, 128.0, 127.7, 127.3, 124.6, 93.3, 52.5, 26.9. 

HRMS (ESI) m/z calcd. for C20H19INOS [M + H]+ 448.0227, found 448.0225. 

 

(S)-Diphenyl((1-(4-(trifluoromethyl)phenyl)ethyl)imino)-λ6-sulfanone (19) 

 

According to General procedure A with 1-(1-bromoethyl)-4-(trifluoromethyl)benzene 

(50.4 mg, 0.20 mmol, 1.0 equiv.) for 96 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 5/1) to yield the product 19 as 

a colorless oil (73.9 mg, 95% yield, 98% ee). 

[α]D20 = −11 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel IA (hexane/iPrOH = 99/1, flow rate 0.3 mL/min, λ = 230 nm), 

tR (major) = 49.46 min, tR (minor) = 58.97 min. 
1H NMR (400 MHz, CDCl3) δ 8.06 (d, J = 7.6 Hz, 2H), 7.84 (d, J = 8.0 Hz, 2H), 7.60 

– 7.45 (m, 8H), 7.45 – 7.37 (m, 2H), 4.46 (q, J = 6.6 Hz, 1H), 1.58 (d, J = 6.5 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 151.5 (d, J = 1.1 Hz), 141.2, 140.6, 132.5, 132.4, 129.14, 

129.12, 128.7, 128.4, 128.2 (q, J = 24.0 Hz), 126.6, 125.2 (q, J = 3.8 Hz), 124.4 (q, J = 

270.0 Hz), 53.8, 28.0. 
19F NMR (376 MHz, CDCl3) δ –62.2 (s, 3F). 

HRMS (ESI) m/z calcd. for C21H19F3NOS [M + H]+ 390.1134, found 390.1132. 
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(S)-Diphenyl((1-(3-(trifluoromethyl)phenyl)ethyl)imino)-λ6-sulfanone (20) 

 

According to General procedure A with 1-(1-bromoethyl)-3-(trifluoromethyl)benzene 

(52.4 mg, 0.20 mmol, 1.0 equiv.) for 72 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 5/1) to yield the product 20 as 

a colorless oil (73.9 mg, 95% yield, 98% ee). 

[α]D20 = −23 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel IA (hexane/iPrOH = 99/1, flow rate 0.3 mL/min, λ = 230 nm), 

tR (major) = 43.16 min, tR (minor) = 50.19 min. 
1H NMR (400 MHz, CDCl3) δ 8.10 – 8.02 (m, 2H), 7.88 – 7.80 (m, 2H), 7.70 – 7.61 

(m, 2H), 7.56 – 7.37 (m, 8H), 4.47 (q, J = 6.6 Hz, 1H), 1.59 (d, J = 6.6 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 148.4, 141.2, 140.6, 132.5, 132.4, 130.3 (q, J = 31.9 

Hz), 129.8 (d, J = 1.4 Hz), 129.14, 129.10, 128.7, 128.6, 128.4, 124.4 (q, J = 270.0 Hz), 

128.6, 123.2 (dq, J = 10.8, 3.8 Hz), 53.8, 27.9. 
19F NMR (376 MHz, CDCl3) δ –62.4 (s, 3F) 

HRMS (ESI) m/z calcd. for C21H19F3NOS [M + H]+ 390.1134, found 390.1132. 

 

(S)-3-(1-((Oxodiphenyl-λ6-sulfaneylidene)amino)ethyl)benzaldehyde (21) 

 

According to General procedure A with 3-(1-bromoethyl)benzaldehyde (42.4 mg, 

0.20 mmol, 1.0 equiv.) for 96 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 5/1) to yield the product 21 as 

a yellow oil (55.8 mg, 80% yield, 97% ee). 

[α]D20 = −59 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel IA (hexane/iPrOH = 98/2, flow rate 1.0 mL/min, λ = 254 nm), 
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tR (major) = 36.15 min, tR (minor) = 39.79 min. 
1H NMR (400 MHz, CDCl3) δ 10.02 (s, 1H), 8.10 – 8.00 (m, 2H), 7.92 (s, 1H), 7.89 – 

7.82 (m, 2H), 7.75 (dd, J = 7.7, 1.8 Hz, 2H), 7.58 – 7.44 (m, 5H), 7.44 – 7.36 (m, 2H), 

4.49 (q, J = 6.6 Hz, 1H), 1.59 (d, J = 6.6 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 192.7, 148.7, 141.1, 140.7, 136.4, 132.7, 132.6, 132.4, 

129.2, 129.1, 128.9, 128.7, 128.4, 127.8, 53.7, 27.9. 

HRMS (ESI) m/z calcd. for C21H20NO2S [M + H]+ 350.1209, found 350.1208. 

 

(S)-((1-(3-Acetylphenyl)ethyl)imino)diphenyl-λ6-sulfanone (22) 

 

According to General procedure A with 1-(3-(1-bromoethyl)phenyl)ethan-1-one (45.2 

mg, 0.20 mmol, 1.0 equiv.) for 96 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 5/1) to yield the product 22 as 

a colorless oil (63.2 mg, 87% yield, 98% ee). 

[α]D20 = −46 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel IA (hexane/iPrOH = 97/3, flow rate 0.5 mL/min, λ = 254 nm), 

tR (major) = 67.42 min, tR (minor) = 73.93 min. 
1H NMR (400 MHz, CDCl3) δ 8.09 – 8.01 (m, 2H), 7.97 (s, 1H), 7.88 – 7.80 (m, 3H), 

7.73 – 7.68 (m, 1H), 7.58 – 7.35 (m, 7H), 4.48 (q, J = 6.6 Hz, 1H), 2.61 (s, 3H), 1.59 

(d, J = 6.6 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 198.5, 148.1, 141.2, 140.7, 137.1, 132.5, 132.4, 131.2, 

129.13, 129.10, 128.8, 128.5, 128.4, 126.5, 126.3, 53.9, 28.0, 26.8. 

HRMS (ESI) m/z calcd. for C22H22NO2S [M + H]+ 364.1366, found 364.1358. 
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(S)-3-(1-((Oxodiphenyl-λ6-sulfaneylidene)amino)ethyl)benzonitrile (23) 

 

According to General procedure A with 3-(1-bromoethyl)benzonitrile (41.8 mg, 0.20 

mmol, 1.0 equiv.) for 72 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 5/1) to yield the product 23 as 

a colorless oil (65.7 mg, 95% yield, 92% ee). 

[α]D20 = −17 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel IA (hexane/iPrOH = 98/2, flow rate 1.0 mL/min, λ = 230 nm), 

tR (major) = 28.68 min, tR (minor) = 35.92 min. 
1H NMR (400 MHz, CDCl3) δ 8.02 (d, J = 8.1 Hz, 2H), 7.83 (d, J = 8.3 Hz, 2H), 7.73 

(s, 1H), 7.64 (d, J = 7.9 Hz, 1H), 7.58 – 7.45 (m, 5H), 7.45 – 7.34 (m, 3H), 4.41 (q, J = 

6.6 Hz, 1H), 1.53 (d, J = 6.6 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 149.0, 141.0, 140.6, 132.6, 132.5, 131.0, 130.2, 130.1, 

129.21, 129.17, 129.0, 128.6, 128.4, 119.3, 112.1, 53.4, 27.9. 

HRMS (ESI) m/z calcd. for C21H19N2OS [M + H]+ 347.1213, found 347.1210. 

 

According to General procedure A with 3-(1-chloroethyl)benzonitrile (33.0 mg, 0.20 

mmol, 1.0 equiv.) for 96 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 5/1) to yield the product 23 as 

a colorless oil (62.3 mg, 90% yield, 96% ee). 

HPLC analysis: Chiralcel IA (hexane/iPrOH = 98/2, flow rate 1.0 mL/min, λ = 230 nm), 

tR (major) = 28.29 min, tR (minor) = 35.67 min. 

 

Methyl (S)-3-(1-((oxodiphenyl-λ6-sulfaneylidene)amino)ethyl)benzoate (24) 
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According to General procedure A with methyl 3-(1-bromoethyl)benzoate (48.4 mg, 

0.20 mmol, 1.0 equiv.) for 72 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 5/1) to yield the product 24 as 

a yellow oil (70.5 mg, 93% yield, 96% ee). 

[α]D20 = −12 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel OZ3 (hexane/iPrOH = 98/2, flow rate 0.7 mL/min, λ = 230 

nm), tR (minor) = 48.26 min, tR (major) = 58.05 min. 
1H NMR (400 MHz, CDCl3) δ 8.10 – 8.02 (m, 3H), 7.94 – 7.87 (m, 1H), 7.87 – 7.80 

(m, 2H), 7.73 – 7.67 (m, 1H), 7.57 – 7.43 (m, 4H), 7.43 – 7.34 (m, 3H), 4.47 (q, J = 6.6 

Hz, 1H), 3.92 (s, 3H), 1.58 (d, J = 6.6 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 167.3, 147.9, 141.3, 140.7, 132.5, 132.3, 131.0, 123.0, 

129.10, 129.08, 128.8, 128.4, 128.3, 127.7, 127.5, 53.9, 52.0, 28.0. 

HRMS (ESI) m/z calcd. for C22H22NO3S [M + H]+ 380.1315, found 380.1312. 

 

According to General procedure A with methyl 3-(1-chloroethyl)benzoate (39.6 mg, 

0.20 mmol, 1.0 equiv.) for 96 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 5/1) to yield the product 24 as 

a yellow oil (58.4 mg, 77% yield, 97% ee). 

HPLC analysis: Chiralcel OZ3 (hexane/iPrOH = 98/2, flow rate 0.7 mL/min, λ = 230 

nm), tR (minor) = 52.88 min, tR (major) = 64.56 min. 

 

(S)-((1-(Naphthalen-2-yl)ethyl)imino)diphenyl-λ6-sulfanone (25) 

 

According to General procedure A with 2-(1-bromoethyl)naphthalene (46.8 mg, 0.20 

mmol, 1.0 equiv.) for 72 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 5/1) to yield the product 25 as 

a colorless oil (63.8 mg, 86% yield, 93% ee). 



S61 

[α]D20 = −8 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel IA (hexane/iPrOH = 98/2, flow rate 1.0 mL/min, λ = 230 nm), 

tR (major) = 18.74 min, tR (minor) = 34.32 min. 
1H NMR (400 MHz, CDCl3) δ 8.12 (d, J = 7.6 Hz, 2H), 7.92 – 7.80 (m, 6H), 7.67 (d, 

J = 8.5 Hz, 1H), 7.58 – 7.41 (m, 6H), 7.41 – 7.32 (m, 2H), 4.62 (q, J = 6.6 Hz, 1H), 

1.69 (d, J = 6.7 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 145.0, 141.5, 140.8, 133.5, 132.6, 132.4, 132.3, 129.10, 

129.07, 129.0, 128.5, 127.94, 127.93, 127.6, 125.8, 125.3, 125.2, 124.3, 54.5, 28.2. 

HRMS (ESI) m/z calcd. for C24H22NOS [M + H]+ 372.1417, found 372.1415. 

 

According to General procedure A with 2-(1-chloroethyl)naphthalene (38.0 mg, 0.20 

mmol, 1.0 equiv.) for 96 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 5/1) to yield the product 25 as 

a colorless oil (60.1 mg, 81% yield, 96% ee). 

HPLC analysis: Chiralcel IA (hexane/iPrOH = 98/2, flow rate 1.0 mL/min, λ = 230 nm), 

tR (major) = 28.38 min, tR (minor) = 35.84 min. 

 

(S)-((1-(Naphthalen-1-yl)ethyl)imino)diphenyl-λ6-sulfanone (26) 

 

According to General procedure A with 1-(1-bromoethyl)naphthalene (46.8 mg, 0.20 

mmol, 1.0 equiv.) for 96 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 5/1) to yield the product 26 as 

a colorless oil (53.4 mg, 72% yield, 95% ee). 

X-ray quality crystals were obtained by slow evaporation of solvent from a saturated 

solution in a mixture of toluene/hexane. 

[α]D20 = 4 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel OD3 (hexane/iPrOH = 99/1, flow rate 0.5 mL/min, λ = 254 
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nm), tR (major) = 18.40 min, tR (minor) = 20.42 min. 
1H NMR (400 MHz, CDCl3) δ 8.19 – 8.06 (m, 3H), 7.98 (d, J = 7.2 Hz, 1H), 7.87 (d, 

J = 7.9 Hz, 1H), 7.84 – 7.79 (m, 2H), 7.76 (d, J = 8.1 Hz, 1H), 7.57 – 7.36 (m, 7H), 

7.34 – 7.25 (m, 2H), 5.22 (q, J = 6.6 Hz, 1H), 1.75 (d, J = 6.6 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 143.3, 141.7, 140.8, 133.9, 132.4, 132.2, 130.3, 129.03, 

129.00, 128.82, 128.76, 128.4, 127.0, 125.8, 125.4, 125.1, 123.8, 123.7, 51.3, 27.8. 

HRMS (ESI) m/z calcd. for C24H22NOS [M + H]+ 372.1417, found 372.1414. 

 

(S)-Diphenyl((1-phenylpropyl)imino)-λ6-sulfanone (27) 

 

According to General procedure A with (1-bromopropyl)benzene (39.2 mg, 0.20 

mmol, 1.0 equiv.) for 72 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 5/1) to yield the product 26 as 

a colorless oil (53.6 mg, 80% yield, 95% ee). 

[α]D20 = −51 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel OZ3 (hexane/iPrOH = 99/1, flow rate 0.5 mL/min, λ = 230 

nm), tR (minor) = 21.76 min, tR (major) = 37.32 min. 
1H NMR (400 MHz, CDCl3) δ 8.17 – 8.01 (m, 2H), 7.84 – 7.72 (m, 2H), 7.57 – 7.40 

(m, 4H), 7.41 – 7.27 (m, 6H), 7.26 – 7.17 (m, 1H), 4.10 (t, J = 6.7 Hz, 1H), 2.02 – 1.79 

(m, 2H), 0.93 (t, J = 7.3 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 146.2, 141.4, 141.0, 132.3, 132.2, 129.01, 128.99, 128.9, 

128.5, 128.0, 126.9, 126.4, 60.5, 34.3, 11.0. 

HRMS (ESI) m/z calcd. for C21H22NOS [M + H]+ 336.1417, found 336.1414. 
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(S)-((Cyclopentyl(phenyl)methyl)imino)diphenyl-λ6-sulfanone (28) 

 

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a 

magnetic stir bar was charged with iminodiphenyl-λ6-sulfanone (43.4 mg, 0.20 mmol, 

1.0 equiv.), CuTc (15.4 mg, 0.080 mmol, 40 mol%), chiral ligand L*6 (81.9 mg, 0.080 

mmol, 40 mol%), Cs2CO3 (260.8 mg, 0.80 mmol, 4.0 equiv.) and anhydrous Et2O (2.0 

mL). To this solution was added (bromo(cyclopentyl)methyl)benzene (47.6 mg, 0.20 

mmol, 1.0 equiv.) and the reaction mixture was stirred at room temperature for 5 d. 

Upon completion (monitored by TLC), the precipitate was diluted with EtOAc, then 

filtered through a short pad of Celite and washed with EtOAc. The filtrate was 

concentrated to afford the crude product, which was purified by flash column 

chromatography on silica gel (petroleum ether/EtOAc = 5/1) to yield the desired 

product 28 as a colorless oil (61.5 mg, 82% yield, 92% ee). 

[α]D20 = −47 (c 0.6, CH2Cl2). 

HPLC analysis: Chiralcel OZ3 (hexane/iPrOH = 99/1, flow rate 0.5 mL/min, λ = 254 

nm), tR (minor) = 21.68 min, tR (major) = 25.37 min. 
1H NMR (400 MHz, CDCl3) δ 8.08 – 7.93 (m, 2H), 7.77 – 7.63 (m, 2H), 7.53 – 7.35 

(m, 4H), 7.31 – 7.13 (m, 7H), 3.88 (d, J = 8.4 Hz, 1H), 2.32 (h, J = 8.1 Hz, 1H), 1.98 

(td, J = 7.4, 6.4, 3.5 Hz, 1H), 1.75 – 1.38 (m, 5H), 1.39 – 1.05 (m, 2H). 
13C NMR (100 MHz, CDCl3) δ 146.3, 141.3, 141.2, 132.2, 132.0, 129.03, 128.95, 128.7, 

128.5, 127.9, 127.2, 126.2, 63.7, 49.7, 30.8, 30.0, 25.3, 25.1. 

HRMS (ESI) m/z calcd. for C24H26NOS [M + H]+ 376.1730, found 376.1727. 
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(S)-((2-Methyl-1-phenylpropyl)imino)diphenyl-λ6-sulfanone (29) 

N
S
O

Ph
Ph

29  

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a 

magnetic stir bar was charged with iminodiphenyl-λ6-sulfanone (43.4 mg, 0.20 mmol, 

1.0 equiv.), CuTc (15.4 mg, 0.080 mmol, 40 mol%), chiral ligand L*6 (81.9 mg, 0.080 

mmol, 40 mol%), Cs2CO3 (260.8 mg, 0.80 mmol, 4.0 equiv.) and anhydrous Et2O (2.0 

mL). To this solution was added (1-bromo-2-methylpropyl)benzene (42.4 mg, 0.20 

mmol, 1.0 equiv.) and the reaction mixture was stirred at room temperature for 5 d. 

Upon completion (monitored by TLC), the precipitate was diluted with EtOAc, then 

filtered through a short pad of Celite and washed with EtOAc. The filtrate was 

concentrated to afford the crude product, which was purified by flash column 

chromatography on silica gel (petroleum ether/EtOAc = 5/1) to yield the desired 

product 29 as a colorless oil (27.9 mg, 40% yield, 91% ee). 

[α]D20 = −7 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel OZ3 (hexane/iPrOH = 99/1, flow rate 0.5 mL/min, λ = 254 

nm), tR (major) = 16.71 min, tR (minor) = 17.44 min. 
1H NMR (400 MHz, CDCl3) δ 8.04 – 7.94 (m, 2H), 7.74 – 7.64 (m, 2H), 7.53 – 7.36 

(m, 4H), 7.31 – 7.13 (m, 7H), 3.82 (d, J = 7.0 Hz, 1H), 2.02 (h, J = 6.8 Hz, 1H), 1.05 

(d, J = 6.7 Hz, 3H), 0.79 (d, J = 6.8 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 145.3, 141.4, 141.2, 132.2, 132.0, 129.0, 128.9, 128.7, 

128.5, 127.7, 127.6, 126.2, 65.1, 36.8, 19.8, 19.7. 

HRMS (ESI) m/z calcd. for C22H24NOS [M + H]+ 350.1573, found 350.1571. 

 

(S)-Diphenyl((1-phenylhex-5-en-1-yl)imino)-λ6-sulfanone (30) 

 
According to General procedure C with (1-bromohex-5-en-1-yl)benzene (47.6 mg, 
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0.20 mmol, 1.0 equiv.) for 72 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 5/1) to yield the product 30 as 

a colorless oil (39.1 mg, 52% yield, 92% ee). 

[α]D20 = −5 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel IA (hexane/iPrOH = 99/1, flow rate 0.5 mL/min, λ = 230 nm), 

tR (major) = 30.13 min, tR (minor) = 33.86 min. 
1H NMR (400 MHz, CDCl3) δ 8.04 (d, J = 8.0 Hz, 2H), 7.77 (d, J = 8.1 Hz, 2H), 7.57 

– 7.40 (m, 4H), 7.40 – 7.25 (m, 6H), 7.25 – 7.17 (m, 1H), 5.79 (ddt, J = 16.7, 8.9, 6.5 

Hz, 1H), 5.04 – 4.85 (m, 2H), 4.17 (t, J = 6.8 Hz, 1H), 2.04 (q, J = 7.3 Hz, 2H), 2.00 – 

1.76 (m, 2H), 1.62 – 1.31 (m, 2H). 
13C NMR (100 MHz, CDCl3) δ 146.4, 141.4, 141.0, 139.1, 132.3, 132.2, 129.0, 128.9, 

128.5, 128.1, 126.8, 126.4, 114.3, 58.9, 41.0, 33.7, 25.8. 

HRMS (ESI) m/z calcd. for C24H26NOS [M + H]+ 376.1730, found 376.1728. 

 

(S)-((3-Chloro-1-phenylpropyl)imino)diphenyl-λ6-sulfanone (31) 

NPh
S
O

Ph
Ph

Cl
31  

According to General procedure C with (1-bromo-3-chloropropyl)benzene (46.4 mg, 

0.20 mmol, 1.0 equiv.) for 72 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 5/1) to yield the product 31 as 

a colorless oil (56.8 mg, 77% yield, 94% ee). 

[α]D20 = −9 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel OZ3 (hexane/iPrOH = 97/3, flow rate 0.7 mL/min, λ = 230 

nm), tR (minor) = 18.62 min, tR (major) = 32.09 min. 
1H NMR (400 MHz, CDCl3) δ 8.08 – 7.95 (m, 2H), 7.84 – 7.70 (m, 2H), 7.55 – 7.39 

(m, 4H), 7.39 – 7.16 (m, 7H), 4.37 (dd, J = 8.2, 4.9 Hz, 1H), 3.93 – 3.75 (m, 1H), 3.67 

– 3.51 (m, 1H), 2.44 – 2.25 (m, 1H), 2.25 – 2.08 (m, 1H). 
13C NMR (100 MHz, CDCl3) δ 145.3, 141.0, 140.6, 132.5, 132.4, 129.1, 129.0, 128.9, 

128.5, 128.3, 126.8, 126.7, 56.1, 43.9, 42.6. 
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HRMS (ESI) m/z calcd. for C21H21ClNOS [M + H]+ 370.1027, found 370.1021. 

 

(S)-((3-(Benzyloxy)-1-phenylpropyl)imino)diphenyl-λ6-sulfanone (32) 

 
According to General procedure C with (3-(benzyloxy)-1-bromopropyl)benzene 

(60.8 mg, 0.20 mmol, 1.0 equiv.) for 72 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 5/1) to yield the product 32 as 

a colorless oil (68.8 mg, 78% yield, 92% ee). 

[α]D20 = −14 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel IE (hexane/iPrOH = 80/20, flow rate 1.0 mL/min, λ = 254 

nm), tR (major) = 10.36 min, tR (minor) = 11.36 min. 
1H NMR (400 MHz, CDCl3) δ 8.09 – 8.01 (m, 2H), 7.82 – 7.73 (m, 2H), 7.56 – 7.41 

(m, 4H), 7.40 – 7.26 (m, 11H), 7.26 – 7.19 (m, 1H), 4.60 (d, J = 11.7 Hz, 1H), 4.49 (d, 

J = 11.7 Hz, 1H), 4.43 (dd, J = 8.3, 5.4 Hz, 1H), 3.88 – 3.74 (m, 1H), 3.63 – 3.50 (m, 

1H), 2.29 – 2.17 (m, 1H), 2.17 – 2.03 (m, 1H). 
13C NMR (100 MHz, CDCl3) δ 146.2, 141.2, 140.8, 138.9, 132.3, 132.2, 129.03, 128.96, 

128.9, 128.6, 128.2, 128.1, 127.7, 127.3, 126.8, 126.5, 72.8, 67.6, 55.9, 41.1. 

HRMS (ESI) m/z calcd. for C28H28NO2S [M + H]+ 442.1835, found 442.1834. 

 

(S)-bis(4-Methoxyphenyl)((5-oxo-1,5-diphenylpentyl)imino)-λ6-sulfanone (33) 

N
S
O

OMe

OMe

Ph

O

33  
According to General procedure C with 5-bromo-1,5-diphenylpentan-1-one (63.4 mg, 

0.20 mmol, 1.0 equiv.) and iminobis(4-methoxyphenyl)-λ6-sulfanone (55.4 mg, 0.20 
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mmol, 1.0 equiv.) for 96 h at 0 °C, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 1/1) to yield the product 33 as 

a yellow oil (57.5 mg, 56% yield, 84% ee). 

[α]D20 = −0.1 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel IA (hexane/iPrOH = 75/25, flow rate 1.0 mL/min, λ = 254 

nm), tR (major) = 16.69 min, tR (minor) = 19.25 min. 
1H NMR (400 MHz, CDCl3) δ 7.94 – 7.86 (m, 4H), 7.69 – 7.63 (m, 2H), 7.54 – 7.48 

(m, 1H), 7.45 – 7.37 (m, 2H), 7.35 – 7.30 (m, 2H), 7.30 – 7.23 (m, 2H), 7.22 – 7.15 (m, 

1H), 6.94 – 6.87 (m, 2H), 6.83 – 6.74 (m, 2H), 4.17 (dd, J = 7.2, 5.1 Hz, 1H), 3.79 (s, 

3H), 3.78 (s, 3H), 2.97 – 2.87 (m, 2H), 2.01 – 1.72 (m, 4H). 
13C NMR (100 MHz, CDCl3) δ 200.5, 162.6, 162.5, 146.4, 137.1, 133.3, 132.77, 132.76, 

130.8, 130.3, 128.5, 128.1, 126.8, 126.4, 114.2, 114.1, 58.7, 55.54, 55.52, 41.0, 38.5, 

21.3. 

HRMS (ESI) m/z calcd. for C31H32NO4S [M + H]+ 514.2047, found 514.2045. 

 

Ethyl (S)-5-((bis(4-methoxyphenyl)(oxo)-λ6-sulfaneylidene)amino)-5-

phenylpentanoate (34) 

 
According to General procedure C with ethyl 5-bromo-5-phenylpentanoate (56.8 mg, 

0.20 mmol, 1.0 equiv.) and iminobis(4-methoxyphenyl)-λ6-sulfanone (55.4 mg, 0.20 

mmol, 1.0 equiv.) at room temperature for 96 h, the reaction mixture was purified by 

column chromatography on silica gel (petroleum ether/EtOAc = 1/2) to yield the 

product 34 as a yellow oil (76.0 mg, 79% yield, 87% ee). 

[α]D20 = −35 (c 0.3, CH2Cl2). 

HPLC analysis: Chiralcel IE (hexane/iPrOH = 50/50, flow rate 1.0 mL/min, λ = 254 
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nm), tR (major) = 14.61 min, tR (minor) = 24.34 min. 
1H NMR (400 MHz, CDCl3) δ 7.98 – 7.82 (m, 2H), 7.70 – 7.58 (m, 2H), 7.34 – 7.23 

(m, 4H), 7.22 – 7.15 (m, 1H), 6.96 – 6.87 (m, 2H), 6.83 – 6.74 (m, 2H), 4.16 – 4.02 (m, 

3H), 3.81 (s, 3H), 3.78 (s, 3H), 2.34 – 2.16 (m, 2H), 1.96 – 1.66 (m, 4H), 1.21 (t, J = 

7.1 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 173.8, 162.6, 162.5, 146.4, 133.3, 132.8, 130.8, 130.3, 

128.1, 126.8, 126.4, 114.2, 114.1, 60.1, 58.6, 55.6, 55.5, 40.9, 34.2, 21.9, 14.2. 

HRMS (ESI) m/z calcd. for C27H32NO5S [M + H]+ 482.1996, found 482.1991. 

 

(S)-Diphenyl((1-(pyridin-3-yl)ethyl)imino)-λ6-sulfanone (35) 

 

According to General procedure C with 3-(1-bromoethyl)pyridine (37.0 mg, 0.20 

mmol, 1.0 equiv.) for 72 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 1/1) to yield the product 35 as 

a red oil (53.4 mg, 83% yield, 93% ee). 

[α]D20 = −9 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel OZ3 (hexane/iPrOH = 85/15, flow rate 0.7 mL/min, λ = 230 

nm), tR (major) = 19. 80 min, tR (minor) = 24.55 min. 
1H NMR (400 MHz, CDCl3) δ 8.59 (d, J = 2.3 Hz, 1H), 8.48 (dd, J = 4.8, 1.7 Hz, 1H), 

8.11 – 7.99 (m, 2H), 7.93 – 7.75 (m, 3H), 7.58 – 7.45 (m, 4H), 7.45 – 7.37 (m, 2H), 

7.30 – 7.21 (m, 1H), 4.44 (q, J = 6.6 Hz, 1H), 1.58 (d, J = 6.6 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 148.2, 147.9, 142.6, 141.1, 140.6, 133.9, 132.6, 132.5, 

129.2, 129.1, 128.7, 128.4, 123.3, 51.9, 27.8. 

HRMS (ESI) m/z calcd. for C19H19N2OS [M + H]+ 323.1213, found 323.1211. 
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(S)-((1-(Benzofuran-3-yl)ethyl)imino)diphenyl-λ6-sulfanone (36) 

 

According to General procedure A with 3-(1-bromoethyl)benzofuran (44.8 mg, 0.20 

mmol, 1.0 equiv.) for 72 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 5/1) to yield the product 36 as 

a colorless oil (62.0 mg, 86% yield, 97% ee). 

[α]D20 = −70 (c 0.9, CH2Cl2). 

HPLC analysis: Chiralcel OZ3 (hexane/iPrOH = 85/15, flow rate 0.3 mL/min, λ = 254 

nm), tR (major) = 21.07 min, tR (minor) = 22.23 min. 
1H NMR (400 MHz, CDCl3) δ 8.08 (d, J = 6.3 Hz, 2H), 7.92 (d, J = 7.6 Hz, 2H), 7.74 

(dd, J = 7.7, 1.4 Hz, 1H), 7.64 (s, 1H), 7.56 – 7.44 (m, 5H), 7.44 – 7.36 (m, 2H), 7.34 

– 7.19 (m, 2H), 4.70 (q, J = 6.6 Hz, 1H), 1.73 (d, J = 6.6 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 155.8, 141.3, 141.1, 140.7, 132.5, 132.4, 129.11, 129.10, 

128.7, 128.4, 126.70, 126.66, 124.0, 122.2, 120.8, 111.5, 46.4, 26.2. 

HRMS (ESI) m/z calcd. for C22H20NO2S [M + H]+ 362.1209, found 362.1207. 

 

(S)-Diphenyl((1-(thiophen-3-yl)ethyl)imino)-λ6-sulfanone (37) 

 

According to General procedure A with 3-(1-bromoethyl)thiophene (38.0 mg, 0.20 

mmol, 1.0 equiv.) for 72 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 5/1) to yield the product 37 as 

a red oil (62.1 mg, 95% yield, 97% ee). 

[α]D20 = −129 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel OZ3 (hexane/iPrOH = 90/10, flow rate 1.0 mL/min, λ = 254 

nm), tR (minor) = 6.92 min, tR (major) = 9.09 min. 
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1H NMR (400 MHz, CDCl3) δ 8.07 (d, J = 6.4 Hz, 2H), 7.91 (d, J = 7.5 Hz, 2H), 7.57 

– 7.37 (m, 6H), 7.28 – 7.24 (m, 1H), 7.20 – 7.14 (m, 2H), 4.51 (q, J = 6.6 Hz, 1H), 1.61 

(d, J = 6.6 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 148.7, 141.4, 140.7, 132.4, 132.3, 129.1, 128.8, 128.5, 

126.6, 125.3, 119.6, 50.2, 27.0. 

HRMS (ESI) m/z calcd. for C18H18NOS2 [M + H]+ 328.0824, found 328.0822. 

 

According to General procedure A with 3-(1-chloroethyl)thiophene (29.2 mg, 0.20 

mmol, 1.0 equiv.) for 96 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 5/1) to yield the product 37 as 

a red oil (39.2 mg, 60% yield, 93% ee). 

HPLC analysis: Chiralcel ID (hexane/iPrOH = 90/10, flow rate 0.8 mL/min, λ = 254 

nm), tR (major) = 11.94 min, tR (minor) = 14.74 min. 

 

(S)-Diphenyl((1-(thiazol-4-yl)ethyl)imino)-λ6-sulfanone (38) 

 

According to General procedure C with 4-(1-bromoethyl)thiazole (38.2 mg, 0.20 

mmol, 1.0 equiv.) for 72 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 3/1) to yield the product 38 as 

a coloress oil (55.8 mg, 85% yield, 82% ee). 

[α]D20 = −39 (c 0.8, CH2Cl2). 

HPLC analysis: Chiralcel AD3 (hexane/iPrOH = 95/5, flow rate 1.0 mL/min, λ = 230 

nm), tR (minor) = 28.02 min, tR (major) = 32.58 min. 
1H NMR (400 MHz, CDCl3) δ 8.74 (d, J = 2.2 Hz, 1H), 8.03 (dd, J = 20.5, 6.6 Hz, 4H), 

7.59 – 7.40 (m, 7H), 4.65 (q, J = 6.6 Hz, 1H), 1.68 (d, J = 6.6 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 163.2, 152.3, 141.1, 140.6, 132.50, 132.46, 129.17, 

129.15, 128.8, 128.5, 113.3, 51.4, 25.6. 
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HRMS (ESI) m/z calcd. for C17H17N2OS2 [M + H]+ 329.0777, found 329.0775. 

 

(S)-((1-(3-Methoxyphenyl)ethyl)imino)diphenyl-λ6-sulfanone (39) 

 

According to General procedure A with 1-(1-chloroethyl)-3-methoxybenzene (34.0 

mg, 0.20 mmol, 1.0 equiv.) for 72 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 3/1) to yield the product 39 as 

a colorless oil (51.2 mg, 73% yield, 98% ee). 

[α]D20 = −37 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel IA (hexane/iPrOH = 98/2, flow rate 0.5 mL/min, λ = 230 nm), 

tR (major) = 35.99 min, tR (minor) = 41.71 min. 
1H NMR (400 MHz, CDCl3) δ 8.15 – 8.03 (m, 2H), 7.93 – 7.80 (m, 2H), 7.57 – 7.35 

(m, 6H), 7.24 (t, J = 7.9 Hz, 1H), 7.09 – 7.03 (m, 1H), 7.03 – 6.98 (m, 1H), 6.84 – 6.74 

(m, 1H), 4.41 (q, J = 6.6 Hz, 1H), 3.83 (s, 3H), 1.58 (d, J = 6.6 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 159.6, 149.3, 141.5, 140.8, 132.4, 132.3, 129.13, 129.05, 

129.0, 128.4, 118.7, 111.9, 111.8, 55.2, 54.2, 28.2. 

HRMS (ESI) m/z calcd. for C21H22NO2S [M + H]+ 352.1366, found 352.1364. 

 

(S)-((6,6-Dimethyl-1-phenylhept-4-yn-3-yl)imino)bis(4-methoxyphenyl)-λ6-

sulfanone (40) 

 
Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a 

magnetic stir bar was charged with iminobis(4-methoxyphenyl)-λ6-sulfanone (55.4 mg, 

0.20 mmol, 1.0 equiv.), Cu(PPh3)3Br (37.2 mg, 0.040 mmol, 20 mol%), chiral ligand 
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L*4 (28.4 mg, 0.040 mmol, 20 mol%), Cs2CO3 (260.8 mg, 0.80 mmol, 4.0 equiv.) and 

anhydrous Et2O (2.0 mL). To this solution was added (3-bromo-6,6-dimethylhept-4-

yn-1-yl)benzene (111.2 mg, 0.40 mmol, 2.0 equiv.) and the reaction mixture was stirred 

at room temperature for 7 d. The precipitate was filtered through a short pad of Celite 

and washed with EtOAc. The filtrate was concentrated to afford the crude product, 

which was purified by column chromatography on silica gel (petroleum ether/EtOAc = 

5/1) to afford the desired product 40 as a colorless oil (38.9 mg, 41% yield, 50% 

conversion, 80% ee). 

[α]D20 = −10 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel IF (hexane/iPrOH = 80/20, flow rate 1.0 mL/min, λ = 254 

nm), tR (major) = 8.59 min, tR (minor) = 9.77 min. 
1H NMR (400 MHz, CDCl3) δ 8.03 – 7.87 (m, 4H), 7.30 – 7.22 (m, 4H), 7.20 – 7.14 

(m, 1H), 7.00 – 6.90 (m, 4H), 3.98 (t, J = 6.7 Hz, 1H), 3.85 (s, 3H), 3.84 (s, 3H), 2.91 

– 2.78 (m, 2H), 2.17 – 2.04 (m, 2H), 1.20 (s, 9H). 
13C NMR (100 MHz, CDCl3) δ 162.7, 162.6, 142.5, 133.5, 133.2, 131.0, 130.0, 128.6, 

128.2, 125.4, 114.17, 114.15, 91.3, 80.9, 55.6, 45.3, 41.5, 32.5, 31.2, 27.3. 

HRMS (ESI) m/z calcd. for C29H34NO3S [M + H]+ 476.2254, found 476.2263. 
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Enantioconvergent N-alkylation: scope of secondary α-bromoketones. (Figure 3A) 

General procedure D: 

 
Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a 

magnetic stir bar was charged with iminobis(4-methoxyphenyl)-λ6-sulfanone (60.9 mg, 

0.22 mmol, 1.1 equiv.), Cu(HFacac)2 (8.8 mg, 0.020 mmol, 10 mol%), chiral ligand 

L*7 (27.3 mg, 0.020 mmol, 10 mol%), Cs2CO3 (260.8 mg, 0.80 mmol, 4.0 equiv.) and 

anhydrous Et2O (4.0 mL). To this solution was added α-bromo ketone (0.20 mmol, 1.0 

equiv.) and the reaction mixture was stirred at 0 °C for 72 h or more. Upon completion 

(monitored by TLC), the precipitate was filtered through a short pad of Celite and 

washed with EtOAc. The filtrate was concentrated to afford the crude product, which 

was purified by column chromatography on silica gel to afford the desired product. 

 

(S)-bis(4-Methoxyphenyl)((1-oxo-1-phenylpropan-2-yl)imino)-λ6-sulfanone (41) 

 
According to General procedure D with 2-bromo-1-phenylpropan-1-one (42.6 mg, 

0.20 mmol, 1.0 equiv.) for 72 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 3/1) to yield the product 41 as 

a yellow oil (65.4 mg, 80% yield, 91% ee). 

[α]D20 = −0.1 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel IE (hexane/iPrOH = 60/40, flow rate 1.0 mL/min, λ = 254 

nm), tR (major) = 29.03 min, tR (minor) = 36.90 min. 
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1H NMR (400 MHz, CDCl3) δ 8.06 – 8.00 (m, 2H), 7.98 – 7.90 (m, 2H), 7.79 – 7.71 

(m, 2H), 7.57 – 7.49 (m, 1H), 7.45 – 7.38 (m, 2H), 6.98 – 6.90 (m, 2H), 6.90 – 6.82 (m, 

2H), 4.72 (q, J = 6.9 Hz, 1H), 3.84 (s, 3H), 3.80 (s, 3H), 1.54 (d, J = 6.8 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 201.2, 162.8, 162.7, 135.8, 133.3, 132.60, 132.57, 130.4, 

130.3, 129.2, 128.3, 114.32, 114.26, 55.6, 55.5, 55.4, 22.2. 

HRMS (ESI) m/z calcd. for C23H24NO4S [M + H]+ 410.1421, found 410.1419. 

 

(R)-bis(4-Methoxyphenyl)((1-oxo-1-phenylpropan-2-yl)imino)-λ6-sulfanone ((R)-

41) 

 

According to General procedure D with 2-bromo-1-phenylpropan-1-one (42.6 mg, 

0.20 mmol, 1.0 equiv.) and chiral ligand L*7' for 72 h, the reaction mixture was purified 

by column chromatography on silica gel (petroleum ether/EtOAc = 3/1) to yield the 

product (R)-41 as a yellow oil (81.2 mg, 99% yield, 96% ee). 

HPLC analysis: Chiralcel IE (hexane/iPrOH = 60/40, flow rate 1.0 mL/min, λ = 254 

nm), tR (minor) = 29.11 min, tR (major) = 36.78 min. 

 

(S)-bis(4-Methoxyphenyl)((1-oxo-1-(p-tolyl)propan-2-yl)imino)-λ6-sulfanone (42) 

 

According to General procedure D with 2-bromo-1-(p-tolyl)propan-1-one (45.4 mg, 

0.20 mmol, 1.0 equiv.) for 72 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 3/1) to yield the product 42 as 
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a yellow oil (67.7 mg, 80% yield, 92% ee). 

[α]D20 = −70 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel IE (hexane/iPrOH = 50/50, flow rate 1.0 mL/min, λ = 254 

nm), tR (major) = 31.44 min, tR (minor) = 38.38 min. 
1H NMR (400 MHz, CDCl3) δ 7.94 (d, J = 8.9 Hz, 4H), 7.75 (d, J = 8.9 Hz, 2H), 7.21 

(d, J = 8.0 Hz, 2H), 6.93 (d, J = 8.9 Hz, 2H), 6.85 (d, J = 8.9 Hz, 2H), 4.70 (q, J = 6.8 

Hz, 1H), 3.82 (s, 3H), 3.78 (s, 3H), 2.39 (s, 3H), 1.52 (d, J = 6.9 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 200.7, 162.8, 162.6, 143.3, 133.3, 133.0, 132.6, 130.5, 

130.3, 129.3, 129.0, 114.32, 114.25, 55.6, 55.5, 55.3, 22.4, 21.6. 

HRMS (ESI) m/z calcd. for C24H26NO4S [M + H]+ 424.1577, found 424.1575. 

 

(S)-((1-(4-(Benzyloxy)phenyl)-1-oxopropan-2-yl)imino)bis(4-methoxyphenyl)-λ6-

sulfanone (43) 

 

According to General procedure D with 1-(4-(benzyloxy)phenyl)-2-bromopropan-1-

one (63.8 mg, 0.20 mmol, 1.0 equiv.) for 5 d, the reaction mixture was purified by 

column chromatography on silica gel (petroleum ether/EtOAc = 1/1) to yield the 

product 43 as a white amorphous solid (98.9 mg, 96% yield, 94% ee). 

[α]D20 = −72 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel IA (hexane/iPrOH = 70/30, flow rate 1.0 mL/min, λ = 254 

nm), tR (minor) = 18.48 min, tR (major) = 20.31 min. 
1H NMR (400 MHz, CDCl3) δ 8.08 (d, J = 9.0 Hz, 2H), 7.94 (d, J = 9.0 Hz, 2H), 7.75 

(d, J = 8.9 Hz, 2H), 7.54 – 7.33 (m, 5H), 6.99 (d, J = 8.9 Hz, 2H), 6.94 (d, J = 9.0 Hz, 

2H), 6.86 (d, J = 9.0 Hz, 2H), 5.14 (s, 2H), 4.68 (q, J = 6.8 Hz, 1H), 3.84 (s, 3H), 3.80 

(s, 3H), 1.53 (d, J = 6.8 Hz, 3H). 
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13C NMR (100 MHz, CDCl3) δ 199.6, 162.8, 162.7, 162.3, 136.3, 133.3, 132.6, 131.6, 

130.5, 130.3, 128.7, 128.6, 128.2, 127.5, 114.33, 114.30, 114.27, 70.1, 55.60, 55.55, 

55.3, 22.5. 

HRMS (ESI) m/z calcd. for C30H30NO5S [M + H]+ 516.1839, found 516.1838. 

 

(S)-bis(4-Methoxyphenyl)((1-(3-methoxyphenyl)-1-oxopropan-2-yl)imino)-λ6-

sulfanone (44) 

 
According to General procedure D with 2-bromo-1-(3-methoxyphenyl)propan-1-one 

(48.4 mg, 0.20 mmol, 1.0 equiv.) for 5 d, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 1/1) to yield the product 44 as 

a colorless oil (67.6 mg, 77% yield, 94% ee). 

[α]D20 = −16 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel IE (hexane/iPrOH = 50/50, flow rate 1.0 mL/min, λ = 254 

nm), tR (major) = 29.88 min, tR (minor) = 37.45 min. 
1H NMR (400 MHz, CDCl3) δ 7.96 – 7.90 (m, 2H), 7.77 – 7.70 (m, 2H), 7.61 – 7.53 

(m, 2H), 7.30 (t, J = 7.9 Hz, 1H), 7.11 – 7.01 (m, 1H), 6.94 – 6.89 (m, 2H), 6.88 – 6.79 

(m, 2H), 4.69 (q, J = 6.9 Hz, 1H), 3.83 (s, 3H), 3.82 (s, 3H), 3.78 (s, 3H), 1.51 (d, J = 

6.9 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 200.9, 162.8, 162.7, 159.6, 137.1, 133.3, 132.6, 130.4, 

130.3, 129.2, 121.7, 119.3, 114.32, 114.25, 113.3, 55.6, 55.5, 55.4, 55.3, 22.2. 

HRMS (ESI) m/z calcd. for C24H26NO5S [M + H]+ 440.1526, found 440.1523. 
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(S)-((1-(Benzo[d][1,3]dioxol-5-yl)-1-oxobutan-2-yl)imino)bis(4-methoxyphenyl)- 

λ6-sulfanone (45) 

 

According to General procedure D with 1-(benzo[d][1,3]dioxol-5-yl)-2-bromobutan-

1-one (54.0 mg, 0.20 mmol, 1.0 equiv.) and chiral ligand L*6 for 5 d, the reaction 

mixture was purified by column chromatography on silica gel (petroleum ether/EtOAc 

= 1/1) to yield the product 45 as a colorless oil (65.4 mg, 70% yield, 87% ee). 

[α]D20 = −12 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel IE (hexane/iPrOH = 50/50, flow rate 1.0 mL/min, λ = 254 

nm), tR (major) = 39.80 min, tR (minor) = 48.11 min. 
1H NMR (400 MHz, CDCl3) δ 7.95 – 7.88 (m, 2H), 7.75 – 7.67 (m, 3H), 7.54 (d, J = 

1.7 Hz, 1H), 6.95 – 6.88 (m, 2H), 6.86 – 6.80 (m, 2H), 6.78 (d, J = 8.2 Hz, 1H), 6.01 

(s, 2H), 4.29 (dd, J = 7.6, 6.3 Hz, 1H), 3.81 (s, 3H), 3.77 (s, 3H), 2.02 – 1.80 (m, 2H), 

0.97 (t, J = 7.4 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 199.4, 162.7, 162.6, 151.3, 147.8, 133.0, 132.8, 130.6, 

130.5, 130.3, 125.4, 114.3, 109.1, 107.6, 101.7, 62.2, 55.6, 55.5, 29.6, 11.0. 

HRMS (ESI) m/z calcd. for C25H26NO6S [M + H]+ 468.1475, found 468.1474. 

 

(S)-bis(4-Methoxyphenyl)((1-oxo-1-(3-(trifluoromethyl)phenyl)propan-2-

yl)imino)-λ6-sulfanone (46) 

O
N

Me
S
O

OMe

OMe

F3C

46  
According to General procedure D with 2-bromo-1-(3-

(trifluoromethyl)phenyl)propan-1-one (56.0 mg, 0.20 mmol, 1.0 equiv.) for 96 h, the 
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reaction mixture was purified by column chromatography on silica gel (petroleum 

ether/EtOAc = 2/1) to yield the product 46 as a colorless oil (66.8 mg, 70% yield, 94% 

ee). 

[α]D20 = −6 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel IE (hexane/iPrOH = 50/50, flow rate 1.0 mL/min, λ = 254 

nm), tR (major) = 11.29 min, tR (minor) = 12.15 min. 
1H NMR (400 MHz, CDCl3) δ 8.43 – 8.36 (m, 1H), 8.34 – 8.24 (m, 1H), 7.91 – 7.83 

(m, 2H), 7.80 – 7.75 (m, 1H), 7.75 – 7.67 (m, 2H), 7.59 – 7.52 (m, 1H), 6.98 – 6.90 (m, 

2H), 6.89 – 6.79 (m, 2H), 4.60 (q, J = 6.9 Hz, 1H), 3.83 (s, 3H), 3.79 (s, 3H), 1.53 (d, 

J = 6.8 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 199.9, 162.9, 162.8, 136.2, 132.8, 132.7, 132.4, 130.7 

(q, J = 32.5 Hz), 130.3, 130.2, 129.1 – 128.8 (m), 128.9, 126.54 – 126.24 (m), 123.9 (q, 

J = 271.0 Hz), 114.4, 114.3, 56.0, 55.60, 55.55, 21.8. 
19F NMR (376 MHz, CDCl3) δ –62.7 (s, 3F). 

HRMS (ESI) m/z calcd. for C24H23F3NO4S [M + H]+ 478.1294, found 478.1294. 

 

(S)-((1-(4-Fluorophenyl)-1-oxopropan-2-yl)imino)bis(4-methoxyphenyl)-λ6-

sulfanone (47) 

 

According to General procedure D with 2-bromo-1-(4-fluorophenyl)propan-1-one 

(46.0 mg, 0.20 mmol, 1.0 equiv.) for 96 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 2/1) to yield the product 47 as 

a yellow oil (60.6 mg, 71% yield, 91% ee). 

[α]D20 = −59 (c 0.7, CH2Cl2). 

HPLC analysis: Chiralcel IE (hexane/iPrOH = 60/40, flow rate 1.0 mL/min, λ = 254 

nm), tR (major) = 22.57 min, tR (minor) = 24.84 min. 
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1H NMR (400 MHz, CDCl3) δ 8.18 – 8.11 (m, 2H), 7.94 – 7.87 (m, 2H), 7.79 – 7.71 

(m, 2H), 7.13 – 7.04 (m, 2H), 6.97 – 6.90 (m, 2H), 6.90 – 6.83 (m, 2H), 4.63 (q, J = 6.9 

Hz, 1H), 3.84 (s, 3H), 3.80 (s, 3H), 1.52 (d, J = 6.9 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 199.5, 165.4 (d, J = 254.1 Hz), 162.8, 162.7, 133.1, 

132.6, 132.0 (d, J = 9.1 Hz), 131.9 (d, J = 3.0 Hz), 130.33, 130.28, 115.3 (d, J = 21.6 

Hz), 114.33, 114.31, 55.7, 55.59, 55.55, 22.1. 
19F NMR (376 MHz, CDCl3) δ –106.0 (tt, J = 8.2, 5.5 Hz, 1F). 

HRMS (ESI) m/z calcd. for C23H23FNO4S [M + H]+ 428.1326, found 428.1323. 

 

(S)-((1-(4-Bromophenyl)-1-oxopropan-2-yl)imino)bis(4-methoxyphenyl)-λ6-

sulfanone (48) 

 

According to General procedure D with 2-bromo-1-(4-bromophenyl)propan-1-one 

(58.4 mg, 0.20 mmol, 1.0 equiv.) for 72 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 3/1) to yield the product 48 as 

a colorless oil (68.2 mg, 70% yield, 91% ee). 

[α]D20 = −253 (c 0.4, CH2Cl2). 

HPLC analysis: Chiralcel IC (hexane/iPrOH = 50/50, flow rate 1.0 mL/min, λ = 254 

nm), tR (major) = 26.29 min, tR (minor) = 50.81 min. 
1H NMR (400 MHz, CDCl3) δ 7.98 (d, J = 8.6 Hz, 2H), 7.90 (d, J = 9.0 Hz, 2H), 7.74 

(d, J = 8.9 Hz, 2H), 7.57 (d, J = 8.6 Hz, 2H), 6.95 (d, J = 9.0 Hz, 2H), 6.87 (d, J = 9.0 

Hz, 2H), 4.61 (q, J = 6.9 Hz, 1H), 3.85 (s, 3H), 3.82 (s, 3H), 1.51 (d, J = 6.9 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 200.1, 162.8, 162.7, 134.3, 133.0, 132.5, 131.5, 131.0, 

130.31, 130.26, 127.7, 114.3, 55.7, 55.61, 55.58, 21.9. 

HRMS (ESI) m/z calcd. for C23H23BrNO4S [M + H]+ 488.0526 & 490.0505, found 

488.0524 & 490.0499. 
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(S)-((1-(3-Chlorophenyl)-1-oxopropan-2-yl)imino)bis(4-methoxyphenyl)-λ6-

sulfanone (49) 

 
According to General procedure D with 2-bromo-1-(3-chlorophenyl)propan-1-one 

(49.6 mg, 0.20 mmol, 1.0 equiv.) for 72 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 3/1) to yield the product 49 as 

a yellow oil (84.2 mg, 95% yield, 90% ee). 

[α]D20 = −70 (c 0.8, CH2Cl2). 

HPLC analysis: Chiralcel IA (hexane/iPrOH = 60/40, flow rate 1.0 mL/min, λ = 254 

nm), tR (major) = 26.47 min, tR (minor) = 33.30 min. 
1H NMR (400 MHz, CDCl3) δ 8.01 (t, J = 1.8 Hz, 1H), 7.95 (dt, J = 7.8, 1.3 Hz, 1H), 

7.90 (d, J = 9.0 Hz, 2H), 7.73 (d, J = 9.0 Hz, 2H), 7.53 – 7.44 (m, 1H), 7.36 (t, J = 7.8 

Hz, 1H), 6.94 (d, J = 9.0 Hz, 2H), 6.87 (d, J = 9.0 Hz, 2H), 4.61 (q, J = 6.8 Hz, 1H), 

3.83 (s, 3H), 3.80 (s, 3H), 1.52 (d, J = 6.8 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 199.9, 162.9, 162.7, 137.3, 134.4, 132.9, 132.5, 132.4, 

130.31, 130.28, 129.6, 129.3, 127.4, 114.4, 114.3, 55.60, 55.56, 21.9. 

HRMS (ESI) m/z calcd. for C23H23ClNO4S [M + H]+ 444.1031, found 444.1031. 

 

(S)-bis(4-Methoxyphenyl)((1-oxo-1-phenylpentan-2-yl)imino)-λ6-sulfanone (50) 

 
According to General procedure D with 2-bromo-1-phenylpentan-1-one (48.0 mg, 

0.20 mmol, 1.0 equiv.) and chiral ligand L*6 for 96 h, the reaction mixture was purified 

by column chromatography on silica gel (petroleum ether/EtOAc = 3/1) to yield the 

product 50 as a white amorphous solid (68.2 mg, 78% yield, 92% ee). 
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[α]D20 = 0.5 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel IE (hexane/iPrOH = 50/50, flow rate 1.0 mL/min, λ = 254 

nm), tR (major) = 21.29 min, tR (minor) = 26.26 min. 
1H NMR (400 MHz, CDCl3) δ 8.06 – 7.99 (m, 2H), 7.99 – 7.92 (m, 2H), 7.76 – 7.68 

(m, 2H), 7.56 – 7.48 (m, 1H), 7.45 – 7.37 (m, 2H), 6.97 – 6.90 (m, 2H), 6.87 – 6.80 (m, 

2H), 4.47 (t, J = 6.9 Hz, 1H), 3.84 (s, 3H), 3.78 (s, 3H), 1.95 – 1.81 (m, 2H), 1.65 – 

1.54 (m, 1H), 1.47 – 1.37 (m, 1H), 0.90 (t, J = 7.3 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 201.7, 162.8, 162.6, 136.1, 133.1, 132.7, 132.5, 130.6, 

130.4, 129.1, 128.2, 114.3, 114.2, 60.5, 55.6, 55.5, 38.3, 19.7, 13.9. 

HRMS (ESI) m/z calcd. for C25H28NO4S [M + H]+ 438.1734, found 438.1733. 

 

(S)-bis(4-Methoxyphenyl)((1-oxo-1-(thiophen-2-yl)propan-2-yl)imino)-λ6-

sulfanone (51) 

 
According to General procedure D with 2-bromo-1-(thiophen-2-yl)propan-1-one 

(43.8 mg, 0.20 mmol, 1.0 equiv.) for 72 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 2/1) to yield the product 51 as 

a colorless oil (68.0 mg, 82% yield, 94% ee). 

[α]D20 = −63 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel IE (hexane/iPrOH = 50/50, flow rate 1.0 mL/min, λ = 254 

nm), tR (major) = 24.03 min, tR (minor) = 27.76 min. 
1H NMR (400 MHz, CDCl3) δ 8.01 (dd, J = 3.9, 1.2 Hz, 1H), 7.97 – 7.91 (m, 2H), 7.82 

– 7.75 (m, 2H), 7.61 (dd, J = 4.9, 1.2 Hz, 1H), 7.10 (dd, J = 4.9, 3.8 Hz, 1H), 6.98 – 

6.91 (m, 2H), 6.91 – 6.84 (m, 2H), 4.42 (q, J = 6.8 Hz, 1H), 3.83 (s, 3H), 3.80 (s, 3H), 

1.55 (d, J = 6.8 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 194.7, 162.8, 162.7, 141.0, 133.8, 133.6, 133.0, 132.3, 

130.5, 130.3, 127.7, 114.4, 114.3, 57.5, 55.60, 55.57, 23.0. 
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HRMS (ESI) m/z calcd. for C21H22NO4S2 [M + H]+ 416.0985, found 416.0983. 

 

(S)-bis(4-Methoxyphenyl)((3-oxobutan-2-yl)imino)-λ6-sulfanone (52) 

 
According to General procedure D with 3-bromobutan-2-one (45.0 mg, 0.30 mmol, 

1.5 equiv.) for 72 h, the reaction mixture was purified by column chromatography on 

silica gel (petroleum ether/EtOAc = 1/1) to yield the product 52 as a yellow oil (42.3 

mg, 61% yield, 72% ee). 

[α]D20 = −1 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel IC (hexane/iPrOH = 60/40, flow rate 1.0 mL/min, λ = 254 

nm), tR (minor) = 21.16 min, tR (major) = 22.89 min. 
1H NMR (400 MHz, CDCl3) δ 8.31 – 7.64 (m, 4H), 7.09 – 6.78 (m, 4H), 3.85 (s, 3H), 

3.84 (s, 3H), 3.69 (q, J = 6.8 Hz, 1H), 2.35 (s, 3H), 1.37 (d, J = 6.8 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 212.0, 162.9, 162.8, 132.5, 132.3, 130.4, 130.3, 114.5, 

114.4, 59.6, 55.6, 25.9, 21.1. 

HRMS (ESI) m/z calcd. for C18H22NO4S [M + H]+ 348.1264, found 348.1262. 

 

(S)-bis(4-Methoxyphenyl)((4-methyl-3-oxopentan-2-yl)imino)-λ6-sulfanone (53) 

 
According to General procedure D with 2-bromo-4-methylpentan-3-one (35.6 mg, 

0.20 mmol, 1.0 equiv.) for 72 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 2/1) to yield the product 52 as 

a colorless oil (58.5 mg, 78% yield, 89% ee). 

[α]D20 = −3 (c 1.0, CH2Cl2). 
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HPLC analysis: Chiralcel IC (hexane/iPrOH = 50/50, flow rate 1.0 mL/min, λ = 254 

nm), tR (minor) = 10.52 min, tR (major) = 12.73 min. 
1H NMR (400 MHz, CDCl3) δ 7.96 – 7.88 (m, 2H), 7.88 – 7.81 (m, 2H), 6.99 – 6.91 

(m, 4H), 3.90 – 3.82 (m, 7H), 3.32 (p, J = 6.8 Hz, 1H), 1.37 (d, J = 6.9 Hz, 3H), 1.12 

(d, J = 6.8 Hz, 3H), 1.08 (d, J = 6.9 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 216.5, 162.8, 162.7, 133.0, 132.5, 130.39, 130.37, 114.4, 

114.3, 57.9, 55.6, 35.7, 21.2, 19.1, 18.9. 

HRMS (ESI) m/z calcd. for C20H26NO4S [M + H]+ 376.1577, found 376.1575. 
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Enantioconvergent N-alkylation: scope of secondary α-bromonitrile. (Figure 3A) 

(S)-2-((bis(4-Methoxyphenyl)(oxo)-λ6-sulfaneylidene)amino)-2-

cyclohexylacetonitrile (54) 

 
Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a 

magnetic stir bar was charged with iminobis(4-methoxyphenyl)-λ6-sulfanone (60.9 mg, 

0.22 mmol, 1.1 equiv.), Cu(PPh3)3Br (18.6 mg, 0.020 mmol, 10 mol%), chiral ligand 

L*7 (30.0 mg, 0.022 mmol, 11 mol%), Cs2CO3 (260.8 mg, 0.80 mmol, 4.0 equiv.) and 

anhydrous Et2O (4.0 mL). To this solution was added 2-bromo-2-cyclohexylacetonitrile 

(40.2 mg, 0.20 mmol, 1.0 equiv.) and the reaction mixture was stirred at 0 °C for 5 d. 

Upon completion (monitored by TLC), the precipitate was filtered through a short pad 

of Celite and washed with EtOAc. The filtrate was concentrated to afford the crude 

product, which was purified by column chromatography on silica gel (petroleum 

ether/EtOAc = 3/1) to afford the desired product 54 as a colorless oil (54.1 mg, 68% 

yield, 90% ee). 

[α]D20 = 14 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel ID (hexane/iPrOH = 70/30, flow rate 1.0 mL/min, λ = 254 

nm), tR (major) = 14.77 min, tR (minor) = 16.93 min. 
1H NMR (400 MHz, CDCl3) δ 7.92 (dd, J = 14.5, 8.9 Hz, 4H), 6.98 (dd, J = 12.7, 9.0 

Hz, 4H), 3.85 (s, 6H), 3.80 (d, J = 6.4 Hz, 1H), 2.12 – 2.03 (m, 1H), 1.96 (d, J = 12.3 

Hz, 1H), 1.82 – 1.68 (m, 3H), 1.36 – 1.09 (m, 6H). 
13C NMR (100 MHz, CDCl3) δ 163.2, 163.1, 132.0, 131.4, 130.8, 130.1, 120.5, 114.7, 

114.4, 55.7, 55.6, 50.4, 43.5, 29.4, 28.9, 26.2, 25.8. 

HRMS (ESI) m/z calcd. for C22H27N2O3S [M + H]+ 399.1737, found 399.1735. 
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Enantioconvergent N-alkylation: scope of secondary α-bromo amides. (Figure 3A) 

General procedure E: 

 
Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a 

magnetic stir bar was charged with iminodiphenyl-λ6-sulfanone (43.4 mg, 0.20 mmol, 

1.0 equiv.), Cu(HFacac)2 (8.8 mg, 0.020 mmol, 10 mol%), chiral ligand L*6 (20.5 mg, 

0.020 mmol, 10 mol%), Cs2CO3 (163.0 mg, 0.50 mmol, 2.5 equiv.) and anhydrous Et2O 

(4.0 mL). Then, α-bromo amide (0.20 mmol, 1.0 equiv.) was added into the mixture 

and stirred at room temperature for 36 h or more. Upon completion (monitored by TLC), 

the precipitate was filtered off and washed with EtOAc. The filtrate was concentrated 

and the residue was purified by column chromatography on silica gel to afford the 

desired product. 

 

General procedure F: 

 
Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a 

magnetic stir bar was charged with sulfoximine (0.24 mmol, 1.2 equiv.), Cu(HFacac)2 

(8.8 mg, 0.020 mmol, 10 mol%), chiral ligand L*7 (27.3 mg, 0.020 mmol, 10 mol%), 

Cs2CO3 (163.0 mg, 0.50 mmol, 2.5 equiv.) and anhydrous Et2O (4.0 mL). Then, α-

bromo amide (0.20 mmol, 1.0 equiv.) was added into the mixture and stirred at room 

temperature for 36 h or more. Upon completion (monitored by TLC), the precipitate 

was filtered off and washed with EtOAc. The filtrate was concentrated and the residue 

was purified by column chromatography on silica gel to afford the desired product. 
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(S)-((1-(Indolin-1-yl)-1-oxopropan-2-yl)imino)diphenyl-λ6-sulfanone (55) 

 
According to General procedure E with 2-bromo-1-(indolin-1-yl)propan-1-one (50.6 

mg, 0.20 mmol, 1.0 equiv.) for 36 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 3/1) to yield the product 55 as 

a white amorphous solid (74.8 mg, 96% yield, 94% ee). 

[α]D20 = −114 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel OZ3 (hexane/iPrOH = 80/20, flow rate 1.0 mL/min, λ = 254 

nm), tR (minor) = 20.34 min, tR (major) = 31.38 min. 
1H NMR (400 MHz, CDCl3) δ 8.28 (d, J = 8.2 Hz, 1H), 8.05 (d, J = 6.9 Hz, 2H), 7.96 

(d, J = 6.7 Hz, 2H), 7.56 – 7.33 (m, 6H), 7.23 – 7.09 (m, 2H), 7.00 (t, J = 7.4 Hz, 1H), 

4.31 (q, J = 6.6 Hz, 1H), 4.16 – 3.95 (m, 2H), 3.17 – 2.92 (m, 2H), 1.46 (d, J = 6.5 Hz, 

3H). 
13C NMR (100 MHz, CDCl3) δ 172.0, 143.3, 141.7, 141.2, 132.6, 132.5, 131.4, 129.12, 

129.09, 128.41, 128.35, 127.4, 124.4, 123.6, 117.6, 52.0, 47.7, 28.2, 20.9. 

HRMS (ESI) m/z calcd. for C23H23N2O2S [M + H]+ 391.1475, found 391.1472. 

 

(S)-((1-(5-Methoxyindolin-1-yl)-1-oxopropan-2-yl)imino)diphenyl-λ6-sulfanone 

(56) 

 
According to General procedure E with 2-bromo-1-(5-methoxyindolin-1-yl)propan-

1-one (56.6 mg, 0.20 mmol, 1.0 equiv.) for 30 h, the reaction mixture was purified by 

column chromatography on silica gel (petroleum ether/EtOAc = 2/1) to yield the 

product 56 as a yellow amorphous solid (78.1 mg, 93% yield, 93% ee). 

[α]D20 = −56 (c 0.7, CH2Cl2). 

HPLC analysis: Chiralcel OZ3 (hexane/iPrOH = 70/30, flow rate 0.6 mL/min, λ = 254 
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nm), tR (minor) = 36.70 min, tR (major) = 46.77 min. 
1H NMR (400 MHz, CDCl3) δ 8.24 – 8.14 (m, 1H), 8.04 (d, J = 6.9 Hz, 2H), 7.95 (d, 

J = 6.8 Hz, 2H), 7.55 – 7.34 (m, 6H), 6.70 (s, 2H), 4.28 (q, J = 6.5 Hz, 1H), 4.12 – 3.92 

(m, 2H), 3.77 (s, 3H), 3.11 – 2.87 (m, 2H), 1.45 (d, J = 6.6 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 171.3, 156.3, 141.6, 141.2, 136.9, 133.0, 132.6, 132.5, 

129.12, 129.08, 128.39, 128.37, 118.2, 111.8, 110.6, 55.6, 51.8, 47.9, 28.4, 21.0. 

HRMS (ESI) m/z calcd. for C24H25N2O3S [M + H]+ 421.1580, found 421.1574. 

 

(S)-((1-oxo-1-(5-(Trifluoromethyl)indolin-1-yl)propan-2-yl)imino)diphenyl-λ6-

sulfanone (57) 

 
According to General procedure E with 2-bromo-1-(5-(trifluoromethyl)indolin-1-

yl)propan-1-one (64.4 mg, 0.20 mmol, 1.0 equiv.) for 60 h, the reaction mixture was 

purified by column chromatography on silica gel (petroleum ether/EtOAc = 3/1) to 

yield the product 57 as a white amorphous solid (83.3 mg, 91% yield, 94% ee). 

[α]D20 = −425 (c 0.6, CH2Cl2). 

HPLC analysis: Chiralcel OZ3 (hexane/iPrOH = 70/30, flow rate 0.6 mL/min, λ = 254 

nm), tR (minor) = 17.91 min, tR (major) = 20.29 min. 
1H NMR (400 MHz, CDCl3) δ 8.33 (d, J = 8.5 Hz, 1H), 8.02 (d, J = 6.7 Hz, 2H), 7.96 

(d, J = 6.5 Hz, 2H), 7.56 – 7.32 (m, 8H), 4.31 (q, J = 6.6 Hz, 1H), 4.17 (t, J = 8.5 Hz, 

2H), 3.21 – 3.00 (m, 2H), 1.45 (d, J = 6.6 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 172.6, 146.2, 141.5, 141.1, 132.7, 132. 6, 132.1, 129.2, 

129.1, 128.4, 128.2, 125.4 (q, J = 32.0 Hz), 125.1 (q, J = 3.9 Hz), 124.4 (q, J = 270.0 

Hz), 121.4 (d, J = 4.1 Hz), 117.2, 52.0, 48.1, 27.9, 20.6. 
19F NMR (376 MHz, CDCl3) δ –61.6 (s, 3F). 

HRMS (ESI) m/z calcd. for C24H22F3N2O2S [M + H]+ 459.1349, found 459.1342. 
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(S)-((1-(5-Bromoindolin-1-yl)-1-oxopropan-2-yl)imino)diphenyl-λ6-sulfanone (58) 

 
According to General procedure E with 2-bromo-1-(5-bromoindolin-1-yl)propan-1-

one (66.6 mg, 0.20 mmol, 1.0 equiv.) for 60 h, the reaction mixture was purified by 

column chromatography on silica gel (petroleum ether/EtOAc = 3/1) to yield the 

product 58 as a white amorphous solid (91.7 mg, 98% yield, 94% ee). 

X-ray quality crystals were obtained by slow evaporation of solvent from a saturated 

solution in a mixture of CH2Cl2/hexane. 

[α]D20 = −46 (c 0.5, CH2Cl2). 

HPLC analysis: Chiralcel OZ3 (hexane/iPrOH = 70/30, flow rate 0.6 mL/min, λ = 254 

nm), tR (minor) = 24.31 min, tR (major) = 29.96 min. 
1H NMR (400 MHz, CDCl3) δ 8.14 (d, J = 8.6 Hz, 1H), 7.99 (dd, J = 27.4, 7.6 Hz, 4H), 

7.61 – 7.36 (m, 6H), 7.32 – 7.14 (m, 2H), 4.28 (q, J = 6.6 Hz, 1H), 4.18 – 3.98 (m, 2H), 

3.19 – 2.89 (m, 2H), 1.43 (d, J = 6.6 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 172.1, 142.5, 141.6, 141.1, 133.8, 132.6, 132.5, 130.2, 

129.2, 129.1, 128.4, 128.3, 127.4, 118.9, 116.0, 51.9, 47.9, 28.0, 20.7. 

HRMS (ESI) m/z calcd. for C23H22BrN2O2S [M + H]+ 469.0580, found 469.0577. 

 

(S)-N-Methyl-2-((oxodiphenyl-λ6-sulfaneylidene)amino)-N-phenylpropanamide 

(59) 

 
According to General procedure F with 2-bromo-N-methyl-N-phenylpropanamide 

(48.2 mg, 0.20 mmol, 1.0 equiv.) for 96 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 1/2) to yield the product 59 as 

an amorphous solid (55.2 mg, 73% yield, 93% ee). 

[α]D20 = 0.1 (c 1.0, CH2Cl2). 
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HPLC analysis: Chiralcel OZ3 (hexane/iPrOH = 70/30, flow rate 0.6 mL/min, λ = 230 

nm), tR (minor) = 34.32 min, tR (major) = 43.04 min. 
1H NMR (400 MHz, CDCl3) δ 7.99 (d, J = 7.2 Hz, 2H), 7.89 (d, J = 7.6 Hz, 2H), 7.58 

− 7.37 (m, 6H), 7.20 (s, 3H), 6.76 (s, 2H), 3.95 (q, J = 6.8 Hz, 1H), 3.19 (s, 3H), 1.34 

(d, J = 6.9 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 174.4, 143.4, 141.5, 141.0, 132.42, 132.38, 129.5, 129.1, 

129.0, 128.9, 128.4, 127.6, 127.2, 49.2, 37.7, 22.4. 

HRMS (ESI) m/z calcd. for C22H23N2O2S [M + H]+ 379.1475, found 379.1469. 

 

(S)-2-((Oxodiphenyl-λ6-sulfaneylidene)amino)-N-phenylpropanamide (60) 

 
According to General procedure F with 2-bromo-N-methyl-N-phenylpropanamide 

(48.2 mg, 0.20 mmol, 1.0 equiv.) for 96 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 3/1) to yield the product 60 as 

a colorless oil (35.6 mg, 49% yield, 72% ee). 

[α]D20 = −31 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel IA (hexane/iPrOH = 80/20, flow rate 1.0 mL/min, λ = 254 

nm), tR (minor) = 10.04 min, tR (major) = 17.58 min. 
1H NMR (400 MHz, CDCl3) δ 9.23 (s, 1H), 8.11 – 7.94 (m, 4H), 7.69 – 7.51 (m, 8H), 

7.35 (t, J = 7.9 Hz, 2H), 7.13 (t, J = 7.4 Hz, 1H), 3.89 (q, J = 6.9 Hz, 1H), 1.55 (d, J = 

6.9 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 172.9, 140.2, 139.7, 138.0, 133.11, 133.05, 129.6, 129.4, 

129.0, 128.5, 128.3, 124.1, 119.7, 54.9, 22.7. 

HRMS (ESI) m/z calcd. for C21H21N2O2S [M + H]+ 365.1318, found 365.1313. 
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(S)-((1-Morpholino-1-oxopropan-2-yl)imino)diphenyl-λ6-sulfanone (61) 

 

According to General procedure F with 2-bromo-1-morpholinopropan-1-one E2 (44.2 

mg, 0.20 mmol, 1.0 equiv.) for 60 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 1/2) to yield the product 61 as 

a colorless oil (68.0 mg, 95% yield, 95% ee). 

[α]D20 = 27 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel OZ3 (hexane/iPrOH = 80/20, flow rate 0.8 mL/min, λ = 230 

nm), tR (minor) = 32.31 min, tR (major) = 40.52 min. 
1H NMR (400 MHz, CDCl3) δ 8.04 – 7.86 (m, 4H), 7.57 – 7.40 (m, 6H), 4.24 (q, J = 

6.7 Hz, 1H), 3.88 – 3.45 (m, 8H), 1.39 (d, J = 6.7 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 172.5 141.2, 140.9, 132.6, 129.2 128.4 128.3, 66.9, 

66.7, 51.6, 46.2, 42.6, 21.4. 

HRMS (ESI) m/z calcd. for C19H23N2O3S [M + H]+ 359.1424, found 359.1419. 

 

(R)-((1-Morpholino-1-oxopropan-2-yl)imino)diphenyl-λ6-sulfanone ((R)-61) 

 

According to General procedure F with 2-bromo-1-morpholinopropan-1-one E2 (44.2 

mg, 0.20 mmol, 1.0 equiv.) and chiral ligand L*7' for 72 h, the reaction mixture was 

purified by column chromatography on silica gel (petroleum ether/EtOAc = 1/2) to 

yield the product (R)-61 as a colorless oil (68.1 mg, 99% yield, 97% ee). 

HPLC analysis: Chiralcel OZ3 (hexane/iPrOH = 80/20, flow rate 0.8 mL/min, λ = 230 

nm), tR (major) = 31.16 min, tR (minor) = 42.41 min. 
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(S)-((1-Morpholino-1-oxohexan-2-yl)imino)diphenyl-λ6-sulfanone (62) 

 

According to General procedure F with 2-bromo-1-morpholinohexan-1-one (52.6 mg, 

0.20 mmol, 1.0 equiv.) for 72 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 1/2) to yield the product 62 as 

a colorless oil (68.1 mg, 85% yield, 89% ee). 

[α]D20 = −20 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel OZ3 (hexane/iPrOH = 80/20, flow rate 0.8 mL/min, λ = 230 

nm), tR (minor) = 15.98 min, tR (major) = 18.14 min. 
1H NMR (400 MHz, CDCl3) δ 8.03 – 7.89 (m, 4H), 7.59 – 7.39 (m, 6H), 4.00 (t, J = 

7.2 Hz, 1H), 3.88 – 3.74 (m, 1H), 3.71 – 3.39 (m, 7H), 1.91 – 1.70 (m, 2H), 1.53 – 1.39 

(m, 1H), 1.38 – 1.16 (m, 3H), 0.87 (t, J = 7.0 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 172.3, 141.1, 140.6, 132.60, 132.59, 129.1, 128.6, 128.4, 

66.9, 66.6, 56.6, 46.2, 42.5, 35.3, 28.6, 22.5, 14.0. 

HRMS (ESI) m/z calcd. for C22H29N2O3S [M + H]+ 401.1893, found 401.1888. 

 

(S)-((4-Methyl-1-morpholino-1-oxopentan-2-yl)imino)diphenyl-λ6-sulfanone (63) 

 

According to General procedure F with 2-bromo-4-methyl-1-morpholinopentan-1-

one (52.6 mg, 0.20 mmol, 1.0 equiv.) for 96 h, the reaction mixture was purified by 

column chromatography on silica gel (petroleum ether/EtOAc = 1/2) to yield the 

product 63 as a colorless oil (63.2 mg, 79% yield, 91% ee). 

[α]D20 = −13 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel AZ3 (hexane/iPrOH = 80/20, flow rate 0.6 mL/min, λ = 230 

nm), tR (minor) = 35.34 min, tR (major) = 41.25 min. 
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1H NMR (400 MHz, CDCl3) δ 7.97 (dd, J = 14.1, 7.3 Hz, 4H), 7.62 – 7.38 (m, 6H), 

4.08 (dd, J = 8.7, 5.7 Hz, 1H), 3.84 – 3.33 (m, 8H), 1.90 – 1.67 (m, 2H), 1.65 – 1.53 

(m, 1H), 0.90 (d, J = 6.6 Hz, 3H), 0.85 (d, J = 6.5 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 172.5, 141.1, 140.6, 132.62, 132.61, 129.2, 129.1, 128.6, 

128.4, 66.9, 66.5, 54.4, 46.2, 44.4, 42.5, 24.7, 23.2, 21.9. 

HRMS (ESI) m/z calcd. for C22H29N2O3S [M + H]+ 401.1893, found 401.1888. 

 

(S)-((4-Chloro-1-morpholino-1-oxobutan-2-yl)imino)diphenyl-λ6-sulfanone (64) 

 

According to General procedure F with 2-bromo-4-chloro-1-morpholinobutan-1-one 

(53.8 mg, 0.20 mmol, 1.0 equiv.) for 96 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 1/2) to yield the product 64 as 

a yellow oil (62.5 mg, 77% yield, 93% ee). 

[α]D20 = 5 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel IF (hexane/iPrOH = 70/30, flow rate 0.8 mL/min, λ = 254 

nm), tR (major) = 14.79 min, tR (minor) = 16.52 min. 
1H NMR (400 MHz, CDCl3) δ 8.04 (d, J = 7.2 Hz, 2H), 7.96 (d, J = 7.3 Hz, 2H), 7.60 

– 7.43 (m, 6H), 4.35 (dd, J = 8.3, 5.3 Hz, 1H), 3.88 – 3.78 (m, 1H), 3.72 – 3.25 (m, 9H), 

2.33 – 2.13 (m, 2H). 
13C NMR (100 MHz, CDCl3) δ 171.3, 140.9, 140.5, 132.83, 132.76, 129.24, 129.21, 

128.6, 128.4, 66.8, 66.5, 51.3, 46.1, 42.4, 42.3, 37.8. 

HRMS (ESI) m/z calcd. for C20H24ClN2O3S [M + H]+ 407.1191, found 407.1188. 
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(S)-2-(4-Morpholino-4-oxo-3-((oxodiphenyl-λ6-sulfaneylidene)amino)butyl) 

isoindoline-1,3-dione (65) 

 
According to General procedure F with 2-(3-bromo-4-morpholino-4-

oxobutyl)isoindoline-1,3-dione (76.0 mg, 0.20 mmol, 1.0 equiv.) for 96 h, the reaction 

mixture was purified by column chromatography on silica gel (petroleum ether/EtOAc 

= 1/5) to yield the product 65 as an amorphous solid (62.0 mg, 60% yield, 88% ee). 

[α]D20 = −18 (c 0.9, CH2Cl2). 

HPLC analysis: Chiralcel IA (hexane/iPrOH = 60/40, flow rate 0.8 mL/min, λ = 230 

nm), tR (minor) = 19.59 min, tR (major) = 27.62 min. 
1H NMR (400 MHz, CDCl3) δ 7.97 (d, J = 7.7 Hz, 2H), 7.90 (d, J = 7.2 Hz, 2H), 7.80 

(dd, J = 5.4, 3.1 Hz, 2H), 7.70 (dd, J = 5.5, 3.1 Hz, 2H), 7.64 – 7.32 (m, 6H), 4.13 (t, J 

= 7.0 Hz, 1H), 3.93 – 3.36 (m, 10H), 2.35 (dt, J = 13.4, 6.8 Hz, 1H), 2.11 – 1.99 (m, 

1H). 
13C NMR (100 MHz, CDCl3) δ 170.8, 168.2, 140.8, 140.6, 133.9, 132.8, 132.6, 132.1, 

129.2, 128.5, 128.2, 123.1, 66.7, 66.5, 53.4, 46.2, 42.5, 35.5, 33.6. 

HRMS (ESI) m/z calcd. for C28H28N3O5S [M + H]+ 518.1744, found 518.1741. 

 

(S)-bis(4-Methoxyphenyl)((1-morpholino-1-oxo-4-phenoxybutan-2-yl)imino)-λ6-

sulfanone (66) 
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According to General procedure F with 2-bromo-1-morpholino-4-phenoxybutan-1-

one (65.4 mg, 0.20 mmol, 1.0 equiv.) for 72 h, the reaction mixture was purified by 

column chromatography on silica gel (petroleum ether/EtOAc = 1/2) to yield the 

product 66 as a colorless oil (84.8 mg, 81% yield, 89% ee). 

[α]D20 = 3 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel ID (hexane/iPrOH = 50/50, flow rate 1.0 mL/min, λ = 254 

nm), tR (minor) = 32.61 min, tR (major) = 56.48 min. 
1H NMR (400 MHz, CDCl3) δ 7.83 (dd, J = 8.9, 1.2 Hz, 4H), 7.36 – 7.20 (m, 2H), 7.06 

– 6.69 (m, 7H), 4.36 (dd, J = 8.3, 5.7 Hz, 1H), 4.39 – 4.19 (m, 1H), 4.11 – 4.01 (m, 1H), 

3.83 (s, 3H), 3.81 (s, 3H), 3.77 – 3.35 (m, 8H), 2.41 – 2.16 (m, 2H). 
13C NMR (100 MHz, CDCl3) δ 172.1, 162.8, 158.8, 132.9, 132.3, 130.4, 130.3, 129.4, 

120.6, 114.5, 114.4, 114.3, 66.9, 66.5, 64.4, 55.60, 55.55, 52.0, 46.1, 42.5, 34.9. 

HRMS (ESI) m/z calcd. for C28H33N2O6S [M + H]+ 525.2054, found 525.2048. 

 

Ethyl (S)-4-((bis(4-methoxyphenyl)(oxo)-λ6-sulfaneylidene)amino)-5-morpholino-

5-oxopentanoate (67) 

 

According to General procedure F with ethyl 4-bromo-5-morpholino-5-

oxopentanoate (61.4 mg, 0.20 mmol, 1.0 equiv.) for 96 h, the reaction mixture was 

purified by column chromatography on silica gel (petroleum ether/EtOAc = 1/2) to 

yield the product 67 as a colorless oil (66.6 mg, 66% yield, 88% ee). 

[α]D20 = 4 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel ID (hexane/iPrOH = 50/50, flow rate 1.0 mL/min, λ = 254 

nm), tR (minor) = 37.86 min, tR (major) = 75.79 min. 
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1H NMR (400 MHz, CDCl3) δ 7.90 (d, J = 8.9 Hz, 2H), 7.80 (d, J = 8.9 Hz, 2H), 6.92 

(dd, J = 8.9, 6.3 Hz, 4H), 4.18 – 4.01 (m, 3H), 3.82 (s, 6H), 3.81 – 3.71 (m, 1H), 3.69 

– 3.54 (m, 4H), 3.54 – 3.37 (m, 3H), 2.63 – 2.43 (m, 2H), 2.15 – 1.95 (m, 2H), 1.24 (t, 

J = 7.1 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 173.6, 172.2, 162.9, 162.8, 132.8, 132.4, 130.5, 130.4, 

114.4, 114.3, 66.9, 66.6, 60.3, 55.61, 55.59, 54.7, 46.1, 42.5, 30.7, 29.9, 14.2. 

HRMS (ESI) m/z calcd. for C25H33N2O7S [M + H]+ 505.2003, found 505.1998. 

 

(S)-bis(4-Methoxyphenyl)((1-morpholino-1-oxo-4-phenylbutan-2-yl)imino)-λ6-

sulfanone (68) 

 

According to General procedure C with 2-bromo-1-morpholino-4-phenylbutan-1-one 

(62.2 mg, 0.20 mmol, 1.0 equiv.) for 96 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 1/1) to yield the product 68 as 

a colorless oil (65.0 mg, 65% yield, 89% ee). 

[α]D20 = −0.4 (c 0.3, CH2Cl2). 

HPLC analysis: Chiralcel IA (hexane/iPrOH = 70/30, flow rate 1.0 mL/min, λ = 254 

nm), tR (minor) = 12.69 min, tR (major) = 18.84 min. 
1H NMR (400 MHz, CDCl3) δ 7.94 – 7.75 (m, 4H), 7.39 – 7.08 (m, 5H), 6.92 (dd, J = 

9.0, 0.9 Hz, 4H), 3.99 (dd, J = 7.6, 6.4 Hz, 1H), 3.83 (s, 3H), 3.82 (s, 3H), 3.73 – 3.30 

(m, 8H), 3.01 – 2.75 (m, 1H), 2.72 – 2.60 (m, 1H), 2.17 – 2.07 (m, 2H). 
13C NMR (100 MHz, CDCl3) δ 172.2, 162.8, 141.8, 132.8, 132.5, 130.4, 130.3, 128.56, 

128.3, 125.8, 114.4, 114.3, 66.9, 66.6, 55.8, 55.6, 46.1, 42.5, 37.0, 32.6. 

HRMS (ESI) m/z calcd. for C28H33N2O5S [M + H]+ 509.2105, found 509.2103. 
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(S)-bis(4-Methoxyphenyl)((1-morpholino-1-oxohex-5-en-2-yl)imino)-λ6-sulfanone 

(69) 

 

According to General procedure F with 2-bromo-1-morpholinohex-5-en-1-one (52.2 

mg, 0.20 mmol, 1.0 equiv.) for 72 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 1/1) to yield the product 69 as 

a colorless oil (71.4 mg, 78% yield, 90% ee). 

[α]D20 = −3 (c 1.0, CH2Cl2). 

HPLC analysis: Chiralcel IA (hexane/iPrOH = 80/20, flow rate 1.0 mL/min, λ = 254 

nm), tR (minor) = 16.58 min, tR (major) = 18.86 min. 
1H NMR (400 MHz, CDCl3) δ 7.85 (dd, J = 11.5, 8.9 Hz, 4H), 6.92 (dd, J = 8.9, 1.8 

Hz, 4H), 5.78 (ddt, J = 16.9, 10.2, 6.5 Hz, 1H), 5.24 – 4.70 (m, 2H), 4.00 (dd, J = 7.9, 

6.4 Hz, 1H), 3.82 (s, 6H), 3.81 – 3.39 (m, 8H), 2.33 – 2.18 (m, 1H), 2.17 – 2.04 (m, 

1H), 1.98 – 1.80 (m, 2H). 
13C NMR (100 MHz, CDCl3) δ 172.3, 162.80, 162.78, 138.1, 133.0, 132.6, 130.4, 130.3, 

115.0, 114.4, 114.3, 67.0, 66.7, 56.0, 55.6, 46.2, 42.5, 34.7, 30.6. 

HRMS (ESI) m/z calcd. for C24H31N2O5S [M + H]+ 459.1948, found 459.1942. 
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Demonstration of synthetic potentials. (Figure 4) 

A gram-scale experiment. (Figure 4A) 

 

According to General procedure F with 2-bromo-1-morpholinopropan-1-one E2 

(1.11 g, 5.0 mmol, 1.0 equiv.) for 72 h, the reaction mixture was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 1/2) to yield the product 61 as 

a colorless oil (1.41 g, 79% yield, 93% ee). 

 

Synthesis of the antipodes of products. (Figure 4B) 

 

According to General procedure A with (1-bromoethyl)benzene (36.8 mg, 0.20 mmol, 

1.0 equiv.) and chiral ligand L*7' (27.3 mg, 0.020 mmol, 10 mol%) for 60 h, the 

reaction mixture was purified by column chromatography on silica gel (petroleum 

ether/EtOAc = 5/1) to yield the product (R)-1 as a colorless oil (63.6 mg, 99% yield, 

98% ee). 

HPLC analysis: Chiralcel IA (hexane/iPrOH = 99/1, flow rate 0.5 mL/min, λ = 254 nm), 

tR (minor) = 24.87 min, tR (major) = 27.64 min. 

 

Conversion of enantioenriched sulfoximines to chiral primary amines. (Figure 4C) 

Deprotection of benzyl products to primary amine (90) 
Procedure a: 
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To a flamed dried flask charged with a stir bar were added 1 (18.3 mg, 0.057 mmol, 1.0 

equiv., 96% ee), Mg (13.7 mg, 0.57 mmol, 10.0 equiv.) and anhydrous MeOH (1.0 mL) 

under argon. The mixture was stirred at room temperature until Mg disappeared.  

Upon completion (monitored by TLC), HCl (0.31 mL, 1.25 mmol, 22.0 equiv., 4.0 M 

in 1,4-dioxane) was added to the mixture at 0 °C, and the mixture was warmed up to 

room temperature to afford a homogeneous solution in 10 min. The mixture was stirred 

for another 1 h, then concentrated under reduced pressure to afford the crude product 

70 (8.1 mg, 91% crude yield, determined by 1H NMR using 1,3,5-trimethoxybenzene 

as an internal standard). 

To a solution of the crude 70 (6.3 mg, 0.052 mmol, 1.0 equiv.) in CH2Cl2 (2.0 mL) were 

added Et3N (21.0 mg, 0.21 mmol, 4.0 equiv.) and Ac2O (21.4 mg, 0.21 mmol, 4.0 equiv.) 

sequentially. The reaction was stirred at room temperature for 12 h, and then quenched 

with saturated NH4Cl solution. 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 = 3/1) to afford the desired product 70-1 as a yellow oil (8.4 

mg, 99% yield, 95% ee). 

 

Procedure b: 

 
To a solution of 1 (64.2 mg, 0.20 mmol, 1.0 equiv., 96% ee) in THF (5.0 mL) was added 

the freshly prepared Na/naphthalene reagent (4.0 mL, 2.0 mmol, 10.0 equiv., 0.5 M in 

THF) dropwise with vigorously stirring at −78 °C under argon. The reaction was stirred 

at −78 °C for 10 min and quenched with MeOH. Then, the mixture was concentrated in 
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vacuum and redissolved in HCl (1.1 mL, 4.4 mmol, 22.0 equiv., 4.0 M in 1,4-dioxane). 

After stirring for another 3 h, the mixture was concentrated under reduced pressure to 

afford the crude product 70 (27.9 mg, 89% crude yield, determined by 1H NMR using 

1,3,5-trimethoxybenzene as an internal standard). 

To a solution of the crude 70 in CH2Cl2 (10.0 mL) were added Et3N (80.8 mg, 0.80 

mmol, 4.0 equiv.) and Ac2O (81.6 mg, 0.80 mmol, 4.0 equiv.) sequentially. The mixture 

was stirred at room temperature for 12 h. Then the reaction was quenched with saturated 

NH4Cl solution and 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 afford the desired product 70-1 as a yellow oil (28.7 mg, 99% yield, 95% ee). 

 

(S)-Chloro(1-phenylethyl)-λ5-azane (70) 

 
1H NMR (400 MHz, MeOD) δ 7.48 – 7.27 (m, 5H), 4.39 (q, J = 6.9 Hz, 1H), 1.57 (d, 

J = 6.8 Hz, 3H). 
13C NMR (100 MHz, MeOD) δ 138.5, 128.9, 128.7, 126.5, 51.1, 19.7. 

 

(S)-N-(1-Phenylethyl)acetamide (70-1) 

 

[α]D20 = −77 (c 0.4, CH2Cl2). 

HPLC analysis: Chiralcel AD3 (hexane/iPrOH = 90/10, flow rate 0.5 mL/min, λ = 210 

nm), tR (minor) = 11.15 min, tR (major) = 13.16 min. (procedure a) 

HPLC analysis: Chiralcel AD3 (hexane/iPrOH = 90/10, flow rate 0.5 mL/min, λ = 210 

nm), tR (minor) = 11.52 min, tR (major) = 14.12 min. (procedure b) 
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1H NMR (400 MHz, CDCl3) δ 7.40 – 7.31 (m, 4H), 7.31 – 7.26 (m, 1H), 5.77 (brs, 1H), 

5.22 – 5.07 (m, 1H), 2.00 (s, 3H), 1.51 (d, J = 6.9 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 169.1, 143.2, 128.7, 127.4, 126.2, 48.8, 23.5, 21.7. 

HRMS (ESI) m/z calcd. for C10H14NO [M + H]+ 164.1070, found 164.1069. 

 
Deprotection of amide product to primary amine (71) 
Procedure a: 

59, 93% ee 71-1, 99%, 88% ee

N
Me

O
NHAc

Me
N

O
N

Me
S
O

Ph
PhPh

Me

Ac2O, Et3N, CH2Cl2

71, 81%

N

O
NH2 HCl

Me

Ph

Me

Mg, MeOH, then
4.0 M HCl in dioxane

 
To a flamed dried flask charged with a stir bar were added 59 (37.8 mg, 0.10 mmol, 1.0 

equiv., 93% ee), Mg (24.0 mg, 1.0 mmol, 10.0 equiv.) and anhydrous MeOH (1.0 mL) 

under argon. The mixture was stirred at room temperature until Mg disappeared.  

Upon completion (monitored by TLC), HCl (0.55 mL, 2.2 mmol, 22.0 equiv., 4.0 M in 

1,4-dioxane) was added to the mixture at 0 °C, and the reaction was warmed up to room 

temperature to afford a homogeneous solution in 10 min. After stirring for another 1 h, 

the solvent was removed under reduced pressure to afford the crude product 71 (17.3 

mg, 81% crude yield, determined by 1H NMR using 1,3,5-trimethoxybenzene as an 

internal standard). 

Then, CH2Cl2 (5.0 mL), Et3N (40.0 mg, 0.40 mmol, 4.0 equiv.), and Ac2O (40.8 mg, 

0.40 mmol, 4.0 equiv.) were added to the crude 71 sequentially. The mixture was stirred 

at room temperature for 12 h and quenched with saturated NH4Cl solution. 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 (petroleum ether/EtOAc = 1/1) to yield the desired 

product 71-1 as a yellow oil (17.8 mg, 99% yield, 88% ee). 

 

Procedure b: 
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To a solution of 59 (75.6 mg, 0.20 mmol, 1.0 equiv., 93% ee) in THF were added the 

freshly prepared Na/naphthalene reagent (4.0 mL, 2.0 mmol, 10.0 equiv., 0.5 M in THF) 

dropwise vigorously stirring at −78 °C under argon. The reaction mixture was stirred at 

−78 °C for 10 min and quenched with MeOH (The color was disappeared). Then, the 

mixture was concentrated in vacuum and redissolved in HCl (0.30 mL, 1.2 mmol, 6.0 

equiv., 4.0 M in 1,4-dioxane). The reaction mixture was stirred for another 3 h. The 

mixture was concentrated under reduced pressure to afford the crude product 71 (29.5 

mg, 68% crude yield, determined by 1H NMR using 1,3,5-trimethoxybenzene as an 

internal standard). 

To a solution of the crude 71 (24.2 mg, 0.14 mmol, 1.0 equiv.) in CH2Cl2 (5.0 mL) were 

added Et3N (56.6 mg, 0.56 mmol, 4.0 equiv.) and Ac2O (57.4 mg, 0.56 mmol, 4.0 equiv.) 

sequentially. The reaction was stirred at room temperature for 12 h, then quenched with 

saturated NH4Cl solution and 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 = 1/1) to afford the desired product 71-1 as a yellow oil (30.5 mg, 99% 

yield, 90% ee). 

 

(S)-2-(Chloro-λ5-azaneyl)-N-methyl-N-phenylpropanamide (71) 

 

1H NMR (400 MHz, MeOD) δ 7.60 – 7.52 (m, 2H), 7.51-7.43 (m, 3H), 3.97 (q, J = 

6.9 Hz, 1H), 3.30 (s, 3H), 1.29 (d, J = 6.9 Hz, 3H). 
13C NMR (100 MHz, MeOD) δ 169.4, 141.7, 130.2, 128.8, 127.4, 47.2, 37.3, 15.5. 
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(S)-2-Acetamido-N-methyl-N-phenylpropanamide (71-1) 

 

[α]D20 = 73 (c 1.5, CH2Cl2). 

HPLC analysis: Chiralcel ADH (hexane/iPrOH = 70/30, flow rate 1.0 mL/min, λ = 254 

nm), tR (minor) = 4.42 min, tR (major) = 5.54 min. (Procedure a) 

HPLC analysis: Chiralcel ADH (hexane/iPrOH = 70/30, flow rate 1.0 mL/min, λ = 254 

nm), tR (minor) = 4.05 min, tR (major) = 4.97 min. (Procedure b) 
1H NMR (400 MHz, CDCl3) δ 7.50 – 7.42 (m, 2H), 7.41 – 7.37 (m, 1H), 7.31 – 7.24 

(m, 2H), 6.65 (brs, 1H), 4.59 (q, J = 7.0 Hz, 1H), 3.27 (s, 3H), 1.96 (s, 3H), 1.14 (d, J 

= 6.8 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 173.1, 169.5, 142.6, 130.1, 128.5, 127.4, 46.0, 37.9, 

23.1, 18.7. 

HRMS (ESI) m/z calcd. for C12H17N2O2 [M + H]+ 221.1285, found 221.1281. 
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Conversion of enantioenriched sulfoximines to valuable chiral building blocks. 

(Figure 4D) 

The synthesis of 73. 

 

To a solution of 61 (71.6 mg, 0.20 mmol, 1.0 equiv.) in THF (3.0 mL) was added 

DIBAL-H (0.22 mL, 0.22 mmol, 1.1 equiv., 1.0 M in hexane) dropwise at −78 °C. The 

reaction mixture was stirred for 1 h and another portion of DIBAL-H (60.0 μL, 0.060 

mmol, 0.3 equiv., 1.0 M in hexane) was added to the above solution. Upon completion 

(monitored by TLC), the reaction was quenched with saturated NH4Cl solution and 

extracted with CH2Cl2 three times. The combined organic layer was washed with brine, 

dried over Na2SO4, filtered and concentrated to afford the crude product, which was 

dissolved in MeOH (5.0 mL). To this solution was added NaBH4 (15.2 mg, 0.40 mmol, 

2.0 equiv.) at 0 °C. After stirring for 10 min, the reaction mixture was quenched with 

saturated aqueous NH4Cl solution and extracted with CH2Cl2 three times. The 

combined organic layer was washed with brine, dried over Na2SO4, filtered and 

concentrated to afford the crude product, which was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 1/1) to yield the desired 

product 72 as a yellow oil (36.9 mg, 67% yield, 93% ee). 

To a flamed flask charged with a stir bar were added 72 (36.9 mg, 0.13 mmol, 1.0 equiv., 

93% ee), Mg (64.8 mg, 2.7 mmol, 20.0 equiv.) and anhydrous MeOH (2.0 mL) under 

argon. The mixture was stirred at room temperature until Mg disappeared. Upon 

completion (monitored by TLC), HCl (1.4 mL, 5.6 mmol, 44.0 equiv., 4.0 M in 1,4-

dioxane) was added to the reaction mixture at 0 °C and the reaction was stirred at room 

temperature to afford a homogenous solution in 10 min. 

Upon completion (monitored by TLC), the solvent was removed under reduced 

pressure. The residue was dissolved in EtOAc (2.0 mL), followed by the addition of a 

solution of Na2CO3 (42.4 mg, 0.40 mmol, 3.0 equiv.) in H2O (5.0 mL) and CbzCl (34.0 
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μl, 0.16 mmol, 1.2 equiv.). The reaction was stirred for 1 h and quenched with H2O. 

The mixture was extracted with EtOAc three times. The combined organic layer was 

washed with brine, dried over Na2SO4, filtered and concentrated to afford the crude 

product, which was purified by column chromatography on silica gel (petroleum 

ether/EtOAc = 1/1) to afford the desired product 73 as a light yellow oil (24.2 mg, 89% 

yield, 93% ee). 

 

(S)-((1-Hydroxypropan-2-yl)imino)diphenyl-λ6-sulfanone (72) 

 
HPLC analysis: Chiralcel OD3 (hexane/iPrOH = 90/10, flow rate 0.8 mL/min, λ = 254 

nm), tR (major) = 10.77 min, tR (minor) = 12.39 min. 
1H NMR (400 MHz, CDCl3) δ 8.10 – 8.02 (m, 2H), 7.99 – 7.90 (m, 2H), 7.59 – 7.44 

(m, 6H), 3.56 (dd, J = 10.7, 3.7 Hz, 1H), 3.49 (dd, J = 10.7, 7.7 Hz, 1H), 3.39 – 3.28 

(m, 1H), 2.93 (brs, 1H), 1.22 (d, J = 6.5 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 140.6, 140.5, 132.6, 132.6, 129.3, 129.2, 128.7, 128.5, 

68.7, 53.3, 20.5.  

HRMS (ESI) m/z calcd. for C15H18NO2S [M + H]+ 276.1053, found 276.1059. 

 

Benzyl (S)-(1-hydroxypropan-2-yl)carbamate (73) 

 

[α]D20 = −4 (c 1.2, CH2Cl2). 

HPLC analysis: Chiralcel IA (hexane/iPrOH = 90/10, flow rate 0.8 mL/min, λ = 210 

nm), tR (major) = 17.73 min, tR (minor) = 21.51 min. 
1H NMR (400 MHz, CDCl3) δ 7.47 – 7.27 (m, 5H), 5.09 (s, 2H), 5.03 – 4.86 (m, 1H), 

3.93 – 3.74 (m, 1H), 3.64 (dd, J = 11.0, 3.9 Hz, 1H), 3.51 (dd, J = 11.0, 5.9 Hz, 1H), 

2.57 (brs, 1H), 1.16 (d, J = 6.8 Hz, 3H). 
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13C NMR (100 MHz, CDCl3) δ 156.6, 136.4, 128.6, 128.2, 128.1, 77.1, 66.9, 49.0, 17.3. 

HRMS (ESI) m/z calcd. for C11H16NO3 [M + H]+ 210.1125, found 210.1131.  

The synthesis of 75. 

 

To a flamed flask charged with a stir bar were added 61 (358.0 mg, 1.0 mmol, 1.0 equiv., 

93% ee), Mg (240.0 mg, 10.0 mmol, 10.0 equiv.) and anhydrous MeOH (10.0 mL) 

under argon. The reaction mixture was stirred at room temperature until Mg 

disappeared (Note: Ice bath needed if the reaction was too violent!). 

Upon completion (monitored by TLC), HCl (5.5 mL, 22.0 mmol, 22.0 equiv., 4.0 M in 

1,4-dioxane) was added dropwise to the mixture at 0 °C, then the mixture was warmed 

up to room temperature to afford a homogeneous solution in 30 min. Upon completion 

(monitored by TLC), the solvent was removed under reduced pressure to afford the 

crude 74. 

To the crude 74, CH2Cl2 (20.0 mL), Et3N (505.0 mg, 5.0 mmol, 5.0 equiv.) and (Boc)2O 

(654.0 mg, 3.0 mmol, 3.0 equiv.) were added sequentially. The mixture was stirred at 

room temperature for 3 h. Then the reaction was quenched with saturated NH4Cl 

solution and 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 = 4/1) 

to yield the desired product 74-1 as a colorless oil (218.0 mg, 84% yield in three steps, 

91% ee). 

To a solution of LiAlH4 (11.3 mg, 0.30 mmol, 2.0 equiv.) in Et2O (4.0 mL) was added 

the solution of 74-1 (38.7 mg, 0.15 mmol, 1.0 equiv.) in Et2O (2.0 mL) dropwise at 0 °C 

under argon. The resulting mixture was slowly warmed up to room temperature and 

stirred for 3 h. Upon completion (monitored by TLC), the reaction was quenched with 
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Na2SO4•10H2O, dried with Na2SO4, filtered and concentrated to afford the crude 

product, which was purified by flash column chromatography on silica gel (petroleum 

ether/EtOAc = 1/2) to yield the desired product 75 as a yellow oil (32.8 mg, 90% yield). 

To the solution of 75 (32.8 mg, 0.13 mmol, 1.0 equiv.) in 1,4-dioxane (2.0 mL) was 

added HCl (0.33 mL, 1.3 mmol, 10.0 equiv., 4.0 M HCl in 1,4-dioxane) and the 

resulting mixture was stirred at room temperature. Upon completion (monitored by 

TLC), the mixture was concentrated to afford the residue, which was directly used in 

the next step without further purification. 

The residue and Et3N (72.0 μL, 0.52 mmol, 4.0 equiv.) were dissolved in CH2Cl2 (5.0 

mL) and cooled down to 0 °C. To this solution was added CbzCl (73.0 μL, 0.52 mmol, 

4.0 equiv.) and the reaction mixture was warmed up to room temperature and stirred 

overnight. The reaction was quenched with brine and extracted with CH2Cl2 three times. 

The combined organic layer was washed with brine, dried over Na2SO4, filtered and 

concentrated to afford the crude product, which was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 1/2) to yield the desired 

product 75-1 as a light yellow oil (29.6 mg, 82% yield, 91% ee). 

 

(S)-2-Amino-1-morpholinopropan-1-one hydrochloride (74) 

 
1H NMR (400 MHz, CD3OD) δ 4.41 – 4.29 (m, 1H), 3.63 – 3.55 (m, 5H), 3.50 – 3.41 

(m, 3H), 1.37 (d, J = 6.8 Hz, 3H). 
13C NMR (100 MHz, CD3OD) δ 168.1, 66.2, 46.7, 45.6, 42.4, 15.5. 

 

tert-Butyl (S)-(1-morpholino-1-oxopropan-2-yl)carbamate (74-1) 
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[α]D20 = 5 (c 5.7, CH2Cl2). 

HPLC analysis: Chiralcel IC (hexane/iPrOH = 90/10, flow rate 1.0 mL/min, λ = 214 

nm), tR (major) = 17.35 min, tR (minor) = 21.74 min. 
1H NMR (400 MHz, CDCl3) δ 5.57 (d, J = 7.7 Hz, 1H), 4.60 (p, J = 7.0 Hz, 1H), 3.78 

– 3.63 (m, 5H), 3.63 – 3.53 (m, 2H), 3.53 – 3.43 (m, 1H), 1.44 (s, 9H), 1.30 (d, J = 6.9 

Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 171.3, 155.1, 79.6, 66.8, 66.6, 45.9, 42.4, 28.3, 19.2. 

HRMS (ESI) m/z calcd. for C12H23N2O4 [M + H]+ 259.1652, found 259.1658. 

 

tert-Butyl (S)-(1-morpholinopropan-2-yl)carbamate (75) 

 
[α]D20 = 2 (c 0.2, CH2Cl2). 
1H NMR (400 MHz, CDCl3) δ 4.70 (brs, 1H), 3.86 – 3.42 (m, 5H), 2.59 – 2.46 (m, 2H), 

2.45 – 2.36 (m, 2H), 2.35 – 2.27 (m, 1H), 2.27 – 2.18 (m, 1H), 1.45 (s, 9H), 1.15 (d, J 

= 6.5 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 155.8, 79.2, 67.0, 64.2, 53.8, 43.5, 28.5, 19.6. 

HRMS (ESI) m/z calcd. for C12H25N2O3 [M + H]+ 245.1860, found 245.1856. 

 

Benzyl (S)-(1-morpholinopropan-2-yl)carbamate (75-1) 

 

[α]D20 =12 (c 1.5, CH2Cl2). 

HPLC analysis: Chiralcel IC (hexane/iPrOH = 80/20, flow rate 1.0 mL/min, λ = 210 

nm), tR (minor) = 10.10 min, tR (major) = 13.92 min. 
1H NMR (400 MHz, CDCl3) δ 7.42 – 7.28 (m, 5H), 5.19 – 5.00 (m, 3H), 3.89 – 3.73 

(m, 1H), 3.72 – 3.57 (m, 4H), 2.60 – 2.44 (m, 2H), 2.43 – 2.21 (m, 4H), 1.19 (d, J = 6.4 

Hz, 3H). 
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13C NMR (100 MHz, CDCl3) δ 156.2, 136.7, 128.5, 128.11, 128.09, 66.9, 66.5, 63.9, 

53.7, 44.0, 19.5. 

HRMS (ESI) m/z calcd. for C15H23N2O3 [M + H]+ 279.1703, found 279.1699. 

The synthesis of 76. 

 

To a solution of 74-1 (773.0 mg, 3.0 mmol, 1.0 equiv.) in anhydrous THF (15.0 mL) 

was added phenylmagnesium bromide (9.0 mL, 9.0 mmol, 3.0 equiv., 1.0 M in THF) 

dropwise at 0 °C under argon. Then the reaction mixture was stirred at 0 °C for 2 h. 

Upon completion (monitored by TLC), the reaction was quenched with saturated 

NH4Cl solution and 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 = 

4/1) to yield the desired product 76 as a colorless oil (709.0 mg, 95% yield, 91% ee). 

 

tert-Butyl (S)-(1-oxo-1-phenylpropan-2-yl)carbamate (76) 

 
[α]D20 = −4 (c 4.8, CH2Cl2). 

HPLC analysis: Chiralcel IA (hexane/iPrOH = 95/5, flow rate 1.0 mL/min, λ = 254 nm), 

tR (minor) = 7.04 min, tR (major) = 8.54 min. 
1H NMR (400 MHz, CDCl3) δ 7.99 (d, J = 7.3 Hz, 2H), 7.64 – 7.55 (m, 1H), 7.50 (t, J 

= 7.6 Hz, 2H), 5.60 (d, J = 6.5 Hz, 1H), 5.38 – 5.24 (m, 1H), 1.47 (s, 9H), 1.41 (d, J = 

7.1 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 199.5, 155.2, 134.2, 133.7, 128.8, 128.7, 79.7, 51.1, 

28.4, 19.9. 
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HRMS (ESI) m/z calcd. for C14H19NO3Na [M + Na]+ 272.1257, found 272.1262. 
 

The synthesis of 77. 

 
To a flamed tube charged with a stir bar and rubber plug were added Lithium tri-tert-

butoxyaluminum hydride (406.0 mg, 1.6 mmol, 8.0 equiv.), anhydrous EtOH (2.0 mL) 

under argon and the mixture was cooled down to –78 °C. To this solution was added a 

solution of 76 (49.8 mg, 0.20 mmol, 1.0 equiv.) in anhydrous EtOH (1.0 mL) dropwise. 

The reaction mixture was stirred at −78 °C for 0.5 h. Upon completion (monitored by 

TLC), the reaction was quenched with 10% citric acid, and extracted with EtOAc three 

times. The combined organic layer was dried over anhydrous Na2SO4, filtered and 

concentrated to afford crude product (the dr was determined by 1H NMR). The residue 

was purified by column chromatography on silica gel (petroleum ether/EtOAc = 10/1) 

to yield the desired product 77 as a colorless oil (36.6 mg, 73% yield, 91% ee, dr > 

20:1). 

 

tert-Butyl ((1R,2S)-1-hydroxy-1-phenylpropan-2-yl)carbamate (77) 

 
[α]D20 = −54 (c 1.8, CH2Cl2). 

HPLC analysis: Chiralcel ODH (hexane/iPrOH = 92/8, flow rate 0.8 mL/min, λ = 214 

nm), tR (minor) = 7.21 min, tR (major) = 7.84 min. 
1H NMR (400 MHz, CDCl3) δ 7.38 – 7.32 (m, 4H), 7.32 – 7.25 (m, 1H), 4.85 (d, J = 

2.2 Hz, 1H), 4.77 (d, J = 7.9 Hz, 1H), 4.00 (brs, 1H), 3.49 (brs, 1H), 1.47 (s, 9H), 0.99 

(d, J = 6.9 Hz, 3H). 
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13C NMR (100 MHz, CDCl3) δ 156.4, 140.9, 128.1, 127.4, 126.3, 79.8, 76.8, 52.0, 28.4, 

14.7. 

HRMS (ESI) m/z calcd. for C14H21NO3Na [M + Na]+ 274.1414, found 274.1419. 

 

The assignment of relative configuration was determined by 2D NMR analysis of the 

cyclization product. 

 

To an oven dried round bottom flask was added sodium hydride (60% dispersion in 

mineral oil, 7.4 mg, 0.18 mmol, 1.2 equiv.). To this flask was added a solution of Boc-

protected amino alcohol 77 (38.9 mg, 0.15 mmol, 1.0 equiv.) in THF (2.0 mL) slowly 

at 0 °C under argon. Then the flask was equipped with a reflux condenser and the 

reaction mixture was heated to reflux with stirring until the starting material was 

completely consumed (monitored by TLC). The mixture was cooled down to room 

temperature, quenched with saturated aqueous NH4Cl solution, and transferred to a 

separatory funnel. 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/EtOAc = 3/1) to afford the pure product 77-1 as a yellow oil (23.1 mg, 87% 

yield). 

 

(4S,5R)-4-Methyl-5-phenyloxazolidin-2-one (77-1) 

 
1H NMR (400 MHz, CDCl3) δ 7.45 – 7.34 (m, 3H), 7.34 – 7.29 (m, 2H), 6.28 (s, 1H), 

5.73 (d, J = 8.0 Hz, 1H), 4.32 – 4.13 (m, 1H), 0.83 (d, J = 6.5 Hz, 3H). 
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13C NMR (100 MHz, CDCl3) δ 159.6, 134.9, 128.53, 128.50, 126.0, 81.0, 52.4, 17.5. 

HRMS (ESI) m/z calcd. for C10H12NO2 [M + H]+ 170.0863, found 170.0861. 

The synthesis of 78. 

 
To a solution of 76 (49.8 mg, 0.20 mmol, 1.0 equiv.) in anhydrous THF (2.0 mL) was 

added methyl magnesium bromide (0.80 mL, 2.4 mmol, 12.0 equiv., 3.0 M in THF) 

dropwise at 0 °C under argon and then the mixture was stirred at 0 °C for 2 h. Upon 

completion (monitored by TLC), the reaction was quenched with saturated NH4Cl 

solution, and extracted with CH2Cl2 three times. The combined organic layer was dried 

over anhydrous Na2SO4, filtered and concentrated to afford crude product (the dr was 

determined by 1H NMR). The residue was purified by column chromatography on silica 

gel (petroleum ether/EtOAc = 10/1) to yield the desired product 78 as a colorless oil 

(43.8 mg, 83% yield, 91% ee). 

 

tert-Butyl ((2S,3R)-3-hydroxy-3-phenylbutan-2-yl)carbamate (78) 

 
[α]D20 = −3 (c 2.2, CH2Cl2). 

HPLC analysis: Chiralcel IC (hexane/iPrOH = 93/7, flow rate 0.8 mL/min, λ = 214 nm), 

tR (major) = 7.69 min, tR (minor) = 8.29 min. 
1H NMR (400 MHz, CDCl3) δ 7.45 (d, J = 7.6 Hz, 2H), 7.39 – 7.32 (m, 2H), 7.28 – 

7.23 (m, 1H), 4.89 (d, J = 9.3 Hz, 1H), 4.07 – 3.96 (m, 1H), 2.80 (brs, 1H), 1.59 (s, 3H), 

1.49 (s, 9H), 0.91 (d, J = 6.8 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 156.4, 145.5, 128.2, 126.7, 125.1, 79.5, 77.1, 54.6, 28.5, 

28.3, 16.1. 

HRMS (ESI) m/z calcd. for C15H23NO3Na [M + Na]+ 288.1570, found 288.1576. 
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The assignment of relative configuration was determined by 2D NMR analysis of the 

cyclization product. 

 
To an oven dried round bottom flask was added sodium hydride (60% dispersion in 

mineral oil, 3.6 mg, 0.090 mmol, 1.2 equiv.). To this flask was added a solution of Boc-

protected amino alcohol 78 (19.8 mg, 0.075 mmol, 1.0 equiv.) in THF (1.0 mL) slowly 

at 0 °C under argon. Then the flask was equipped with a reflux condenser and the 

reaction mixture was heated to reflux with stirring until the starting material had been 

completely consumed (monitored by TLC). The mixture was cooled down to room 

temperature, quenched with saturated aqueous NH4Cl solution, and transferred to a 

separatory funnel. 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 = 4/1) to afford the pure product 78-1 as a yellow oil (10.0 mg, 70% yield). 

 

(4S,5R)-4,5-Dimethyl-5-phenyloxazolidin-2-one (78-1) 

 
1H NMR (400 MHz, CDCl3) δ 7.43 – 7.29 (m, 5H), 5.91 (s, 1H), 3.98 – 3.79 (m, 1H), 

1.83 (s, 3H), 0.77 (d, J = 6.5 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 158.6, 139.5, 128.3, 127.8, 125.2, 86.5, 58.3, 27.6, 

19.0. 

HRMS (ESI) m/z calcd. for C11H14NO2 [M + H]+ 192.1019, found 192.1016. 
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The synthesis of 79. 

 
To a flask charged with a stir bar were added 76 (49.8 mg, 0.20 mmol, 1.0 equiv.), 4-

methylbenzenesulfonhydrazide (44.6 mg, 0.24 mmol, 1.2 equiv.) and MeOH (2.0 mL). 

The reaction mixture was stirred at 60 °C for 12 h. Upon completion (monitored by 

TLC), the reaction was concentrated to afford the crude product 79-1, which was 

directly used in the next step without further purification. 

To a flask charged with a stir bar were added the above crude product 79-1, ZnF2 (82.4 

mg, 0.80 mmol, 4.0 equiv.), NaBH3CN (100.8 mg, 1.6 mmol, 8.0 equiv.) and toluene 

(2.0 mL). Then the reaction mixture was stirred at 80 °C for 24 h. Upon completion 

(monitored by TLC), the reaction was quenched with 10% aqueous NaOH solution and 

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 = 20/1) to 

yield the desired product 79 as a white solid (15.4 mg, 33% yield in two steps, 88% ee). 

 

tert-Butyl (S)-(1-phenylpropan-2-yl)carbamate (79) 

 
[α]D20 = −3 (c 0.5, CH2Cl2). 

HPLC analysis: Chiralcel OD3 (hexane/iPrOH = 99/1, flow rate 1.0 mL/min, λ = 214 

nm), tR (major) = 8.53 min, tR (minor) = 9.14 min. 
1H NMR (400 MHz, CDCl3) δ 7.31 – 7.25 (m, 2H), 7.24 – 7.15 (m, 3H), 4.40 (brs, 1H), 

3.91 (brs, 1H), 2.84 (dd, J = 13.2, 5.3 Hz, 1H), 2.65 (dd, J = 13.3, 7.4 Hz, 1H), 1.42 (s, 

9H), 1.08 (d, J = 6.7 Hz, 3H). 
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13C NMR (100 MHz, CDCl3) δ 155.2, 138.3, 129.5, 128.3, 126.3, 79.1, 47.5, 43.0, 28.4, 

20.2. 

HRMS (ESI) m/z calcd. for C14H21NO2Na [M + Na]+ 258.1465, found 258.1470. 
 

The synthesis of 80. 

 

To a solution of 74 (31.0 mg, 0.16 mmol, 1.0 equiv.) in CH2Cl2 was added CH2Cl2 (5.0 

mL), Et3N (0.11 mL, 0.80 mmol, 4.0 equiv.) and the mixture was cooled to 0 °C. To this 

solution was added CbzCl (136.0 mg, 0.80 mmol, 4.0 equiv.) and the reaction mixture 

was warmed up to room temperature and stirred overnight. The reaction was quenched 

with brine and extracted with CH2Cl2 three times. The combined organic layer was 

washed with brine, dried over Na2SO4, filtered and concentrated to afford the crude 

product, which was purified by flash column chromatography on silica gel (petroleum 

ether/EtOAc = 1/2) to yield the desired product 80-1 as a yellow oil (45.6 mg, 98% 

yield, 90% ee). 

To a solution of 80-1 (45.6 mg, 0.16 mmol, 1.0 equiv., 90% ee) in MeOH (0.3 mL) was 

added SOCl2 (56.0 μL, 0.80 mmol, 5.0 equiv.) at 0 °C under argon. The reaction mixture 

was refluxed at 100 °C for 48 h, then cooled down to room temperature. The solvent 

was removed under reduced pressure. The residue was diluted with CH2Cl2, saturated 

aqueous NaHCO3 solution and extracted with CH2Cl2 three times. The combined 

organic layer was washed with brine, dried over Na2SO4, filtered and concentrated to 

afford the crude product, which was purified by column chromatography on silica gel 

(petroleum ether/EtOAc = 3/1) to yield the desired product 80 as a yellow oil (19.0 mg, 

50% yield, 89% ee). 
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Benzyl (S)-(1-morpholino-1-oxopropan-2-yl)carbamate (80-1) 

 

[α]D20 = 13 (c 2.0, CH2Cl2). 

HPLC analysis: Chiralcel AD (hexane/iPrOH = 75/25, flow rate 0.8 mL/min, λ = 210 

nm), tR (major) = 14.97 min, tR (minor) = 16.92 min. 
1H NMR (400 MHz, CDCl3) δ 7.45 – 7.29 (m, 5H), 6.01 – 5.80 (m, 1H), 5.11 (s, 2H), 

4.77 – 4.58 (m, 1H), 3.77 – 3.44 (m, 8H), 1.34 (d, J = 6.8 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 171.0, 155.6, 136.4, 128.5, 128.1, 128.0, 66.79, 66.76, 

66.5, 46.5, 45.9, 42.4, 19.2. 

HRMS (ESI) m/z calcd. for C15H21N2O4 [M + H]+ 293.1496, found 293.1491. 

 

Methyl ((benzyloxy)carbonyl)-L-alaninate (80) 

 
[α]D20 = −4 (c 0.5, CH2Cl2). 

HPLC analysis: Chiralcel IB (hexane/iPrOH = 90/10, flow rate 0.8 mL/min, λ = 210 

nm), tR (major) = 10.36 min, tR (minor) = 12.70 min. 
1H NMR (400 MHz, CDCl3) δ 7.42 – 7.27 (m, 5H), 5.41 (brs, 1H), 5.10 (s, 2H), 4.47 

– 4.30 (m, 1H), 3.73 (s, 3H), 1.40 (d, J = 7.2 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 173.5, 155.6, 136.3, 128.5, 128.2, 128.1, 66.9, 52.5, 

49.6, 18.6. 

HRMS (ESI) m/z calcd. for C12H16NO4 [M + H]+ 238.1074, found 238.1075. 

 

The hydrolysis of 80 
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To a solution of 80 (16.6 mg, 0.070 mmol, 1.0 equiv.) in co-solvent of THF (1.0 mL) 

and H2O (1.0 mL) was added LiOH (3.4 mg, 0.14 mmol, 20.0 equiv.) in one portion at 

room temperature. The mixture was stirred at room temperature for 3 h. After 

completion (monitored by TLC), 3.0 M aqueous HCl solution was added and the 

mixture was extracted with EtOAc three times. The combined organic phase was 

washed with brine, dried over Na2SO4, filtered and concentrated to afford the product 

80-2 as a colorless oil (10.0 mg, 61% yield). 

 

((Benzyloxy)carbonyl)-L-alanine (80-2) 

 
1H NMR (400 MHz, CDCl3) δ 7.43 – 7.27 (m, 5H), 5.33 (d, J = 7.8 Hz, 1H), 5.20 – 

5.01 (m, 2H), 4.50 – 4.34 (m, 1H), 1.46 (d, J = 7.2 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 177.6, 155.9, 136.1, 128.6, 128.3, 128.2, 67.2, 49.5, 

18.4. 

HRMS (ESI) m/z calcd. for C11H13NO4Na [M + Na]+ 246.0737, found 246.0742. 
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Synthesis of novel chiral ligands. (Figure 4E) 

The synthesis of 81 (Pyrox). 

 

The compound 78 (110.0 mg, 0.42 mmol, 1.0 equiv.) was dissolved in HCl (0.53 mL, 

2.1 mmol, 5.0 equiv., 4.0 M in 1,4-dioxane) and the reaction mixture was stirred at room 

temperature for 3 h. The solvent was removed by evaporator to afford the crude product 

81-1, which was directly used in next step without further purification. 

To the residue were added methyl picolinimidate (57.1 mg, 0.42 mmol, 1.0 equiv.), 

TsOH (7.2 mg, 0.042 mmol, 10 mol%) and toluene (1.0 mL) and the reaction mixture 

was refluxed for 5 h. After cooling down to room temperature, 1.0 M aqueous NaOH 

solution was added and the product was extracted with EtOAc three times. The 

combined organic phase was washed with brine, dried over Na2SO4, filtered and 

concentrated to afford the crude product, which was purified by column 

chromatography on silica gel (MeOH/CH2Cl2 = 1/20) to afford 81 as a colorless oil 

(87.8 mg, 83% yield in two steps, 98% ee). 

 

(4S,5R)-4,5-Dimethyl-5-phenyl-2-(pyridin-2-yl)-4,5-dihydrooxazole (81) 

 

[α]D20 = −303 (c 5.0, CH2Cl2). 

HPLC analysis: Chiralcel IF (hexane/iPrOH = 80/20, flow rate 1.0 mL/min, λ = 260 

nm), tR (minor) = 6.87 min, tR (major) = 8.49 min. 
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1H NMR (400 MHz, CDCl3) δ 8.71 (dd, J = 3.6, 1.1 Hz, 1H), 8.05 (d, J = 7.9 Hz, 1H), 

7.73 (td, J = 7.8, 1.8 Hz, 1H), 7.38 – 7.16 (m, 6H), 4.25 (q, J = 7.0 Hz, 1H), 1.80 (s, 

3H), 0.79 (d, J = 7.0 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 160.9, 150.0, 147.0, 140.9, 136.6, 128.0, 127.2, 125.5, 

125.4, 123.8, 90.2, 72.2, 27.9, 19.0. 

HRMS (ESI) m/z calcd. for C16H17N2O [M + H]+ 253.1335, found 253.1340. 

 

The synthesis of 82 (N, P-ligand). 

 
To a flamed dried flask charged with a stir bar were added 26 (30.0 mg, 0.081 mmol, 

1.0 equiv., 98% ee), Mg (19.4 mg, 0.81 mmol, 10.0 equiv.) and anhydrous MeOH (1.0 

mL) under argon. The reaction mixture was stirred at room temperature until Mg 

disappeared. Upon completion (monitored by TLC), HCl (0.45 mL, 1.8 mmol, 22.0 

equiv., 4.0 M in 1,4-dioxane) was added at 0 °C and the reaction mixture was stirred at 

room temperature to afford a homogenous solution in 10 min. Upon completion 

(monitored by TLC), the reaction was quenched with saturated aqueous Na2CO3 

solution and extracted with CH2Cl2 three times. The combined organic layer was 

washed with brine, dried over Na2SO4, filtered and concentrated to afford the crude 

product.  

Without further purification, the obtained crude product, 2-

(diphenylphosphaneyl)benzoic acid (25.0 mg, 0.081 mmol, 1.0 equiv.), EDCI (18.6 mg, 

0.097 mmol, 1.2 equiv.) and DMAP (0.99 mg, 0.0081 mmol, 0.1 equiv.) were dissolved 

in CH2Cl2 (5.0 mL) and the reaction mixture was stirred overnight. Upon completion, 

the reaction mixture was concentrated and purified by column chromatography on silica 

gel (petroleum ether/EtOAc = 1/1) to afford the desired product 82 as a white solid 

(30.0 mg, 81% yield, 97% ee). 
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(S)-2-(Diphenylphosphaneyl)-N-(1-(naphthalen-1-yl)ethyl)benzamide (82) 

 
[α]D20 = 15 (c 1.5, CH2Cl2). 

HPLC analysis: Chiralcel ID (hexane/iPrOH = 80/20, flow rate 1.0 mL/min, λ = 254 

nm), tR (minor) = 16.82 min, tR (major) = 22.78 min. 
1H NMR (400 MHz, CDCl3) δ 8.22 (d, J = 8.4 Hz, 1H), 7.89 (d, J = 8.0 Hz, 1H), 7.81 

(d, J = 7.9 Hz, 1H), 7.61 – 7.55 (m, 2H), 7.55 – 7.50 (m, 1H), 7.45 – 7.39 (m, 1H), 7.39 

– 7.26 (m, 11H), 7.26 – 7.19 (m, 2H), 7.00 – 6.91 (m, 1H), 6.25 (d, J = 8.2 Hz, 1H), 

6.11 – 5.99 (m, 1H), 1.59 (d, J = 6.7 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 168.5, 142.2, 142.1, 141.8, 137.74, 137.69, 137.62, 

137.57, 136.8, 136.6, 134.3, 134.0, 133.9, 133.8, 133.7, 129.9, 128.7, 128.54, 128.53, 

128.48, 128.4, 128.2, 127.7, 127.3, 127.2, 126.9, 64.9, 50.8, 39.0, 17.0, 12.1. 
31P NMR (162 MHz, CDCl3) δ −10.7. 

HRMS (ESI) m/z calcd. for C31H27NOP [M + H]+ 460.1825, found 460.1827. 
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Expedient synthesis of highly enantioenriched commercial drugs. (Figure 4F) 

The synthesis of cinacalcet. 

 
According to General procedure A with 1-(1-bromoethyl)naphthalene (23.4 mg, 0.10 

mmol, 1.0 equiv.) and chiral ligand L*7' for 72 h, the reaction mixture was purified by 

column chromatography on silica gel (petroleum ether/EtOAc = 3/1) to afford the 

product (R)-26 as a white solid (27.1 mg, 73% yield, 99% ee). 

To a flamed dried flask charged with a stir bar were added (R)-26 (27.1 mg, 0.073 mmol, 

1.0 equiv., 99% ee), Mg (17.5 mg, 0.73 mmol, 10.0 equiv.) and anhydrous MeOH (1.0 

mL) under argon. The mixture was stirred at room temperature until Mg disappeared. 

Upon completion (monitored by TLC), HCl (0.40 mL, 1.6 mmol, 22.0 equiv., 4.0 M in 

1,4-dioxane) was added to the mixture at 0 °C and the reaction mixture was stirred at 

room temperature to afford a homogeneous solution in 10 min. Upon completion 

(monitored by TLC), the reaction was quenched with saturated aqueous Na2CO3 

solution and extracted with CH2Cl2 three times. The combined organic layer was 

washed with brine, dried over Na2SO4, filtered and concentrated in vacuum. 

Without further purification, the residue was dissolved in MeCN (1.0 mL). To this 

solution were added K2CO3 (30.2 mg, 0.22 mmol, 3.0 equiv.) and 1-(3-iodopropyl)-3-

(trifluoromethyl)benzene (22.9 mg, 0.073 mmol, 1.0 equiv.) under argon, and then the 

reaction mixture was refluxed at 70 °C for 24 h. Upon completion (monitored by TLC), 

the reaction was diluted with EtOAc and filtered through a short pad of Celite. The 

filtrate was evaporated to afford the crude product, which was purified by column 

chromatography on silica gel (MeOH/CH2Cl2 = 1/10) to afford the desired product 

cinacalcet as a yellow oil (25.8 mg, 99% yield, 97% ee). 
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(R)-((1-(Naphthalen-1-yl)ethyl)imino)diphenyl-λ6-sulfanone ((R)-26) 

 

HPLC analysis: Chiralcel OD3 (hexane/iPrOH = 99/1, flow rate 0.5 mL/min, λ = 254 

nm), tR (minor) = 19.50 min, tR (major) = 21.47 min. 

 

(R)-N-(1-(Naphthalen-1-yl)ethyl)-3-(3-(trifluoromethyl)phenyl)propan-1-amine 

(cinacalcet) 

 
[α]D20 = 4.7 (c 2.5, CH2Cl2). 

HPLC analysis: Chiralcel IG (hexane/iPrOH = 98/2, flow rate 0.5 mL/min, λ = 254 

nm), tR (major) = 10.97 min, tR (minor) = 12.41 min. 
1H NMR (400 MHz, CDCl3) δ 8.12 (d, J = 8.2 Hz, 1H), 7.88 (dd, J = 7.8, 1.8 Hz, 1H), 

7.79 (t, J = 8.1 Hz, 2H), 7.59 – 7.45 (m, 3H), 7.42 – 7.34 (m, 2H), 7.33 – 7.20 (m, 2H), 

4.78 (q, J = 6.6 Hz, 1H), 2.77 – 2.55 (m, 4H), 2.07 – 1.87 (m, 2H), 1.62 (d, J = 6.6 Hz, 

3H). 
13C NMR (100 MHz, CDCl3) δ 142.5, 134.0, 131.7 (d, J = 1.0 Hz), 131.2, 130.6 (q, J 

= 32.0 Hz), 129.2, 128.7, 127.9, 126.2, 125.8, 125.6, 125.0 (q, J = 3.8 Hz), 124.2 (q, J 

= 271.0 Hz), 123.3, 122.8 (q, J = 4.5, 3.9 Hz), 123.3, 122.5, 53.7, 46.8, 33.2, 30.6, 23.0. 
19F NMR (376 MHz, CDCl3) δ −62.5 (s, 3F). 

HRMS (ESI) m/z calcd. for C22H23F3N [M + H]+ 358.1777, found 358.1779. 
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The synthesis of (S)-cinacalcet.  

 
According to General procedure A with 1-(1-bromoethyl)naphthalene (23.4 mg, 0.10 

mmol, 1.0 equiv.) and Cu(HFacac)2 (4.4 mg, 0.10 mmol, 10 mol%) for 72 h, the reaction 

mixture was purified by column chromatography on silica gel (petroleum ether/EtOAc 

= 3/1) to afford the product (S)-26 as a white solid (31.9 mg, 86% yield, 98% ee). 

To a flamed dried flask charged with a stir bar were added (S)-26 (31.9 mg, 0.086 mmol, 

1.0 equiv., 98% ee), Mg (20.6 mg, 0.86 mmol, 10.0 equiv.) and anhydrous MeOH (1.0 

mL) under argon. The reaction mixture was stirred at room temperature until Mg 

disappeared. Upon completion (monitored by TLC), HCl (0.47 mL, 1.9 mmol, 22.0 

equiv., 4.0 M in 1,4-dioxane) was added to the reaction mixture at 0 °C and then the 

mixture was warmed up to room temperature to afford a homogeneous solution in 10 

min. Upon completion (monitored by TLC), the reaction was quenched with saturated 

aqueous Na2CO3 solution and extracted with CH2Cl2 three times. The combined organic 

layer was washed with brine, dried over Na2SO4, filtered and concentrated in vacuum. 

Without further purification, the residue was dissolved in MeCN (1.0 mL). To this 

solution were added K2CO3 (35.9 mg, 0.26 mmol, 3.0 equiv.) and 1-(3-iodopropyl)-3-

(trifluoromethyl)benzene (27.0 mg, 0.086 mmol, 1.0 equiv.) under argon, and then the 

reaction mixture was refluxed at 70 °C for 24 h. Upon completion (monitored by TLC), 

the reaction was diluted with EtOAc and filtered through a short pad of Celite. The 

filtrate was concentrated to afford the crude product, which was purified by column 

chromatography on silica gel (MeOH/CH2Cl2 = 1/10) to afford the desired product (S)-

cinacalcet as a yellow oil (22.7 mg, 74% yield, 98% ee). 
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(S)-((1-(Naphthalen-1-yl)ethyl)imino)diphenyl-λ6-sulfanone ((S)-26) 

 

HPLC analysis: Chiralcel OD3 (hexane/iPrOH = 99/1, flow rate 0.5 mL/min, λ = 254 

nm), tR (major) = 19.20 min, tR (minor) = 21.64 min. 

 

(S)-N-(1-(Naphthalen-1-yl)ethyl)-3-(3-(trifluoromethyl)phenyl)propan-1-amine 

((S)-cinacalcet) 

 
[α]D20 = −23 (c 1.3, CH2Cl2). 

HPLC analysis: Chiralcel IG (hexane/iPrOH = 98/2, flow rate 0.5 mL/min, λ = 254 

nm), tR (minor) = 11.33 min, tR (major) = 12.91 min. 

 

The synthesis of dapoxetine. 

 
According to General procedure C with 1-(3-bromo-3-phenylpropoxy)naphthalene 

(34.0 mg, 0.10 mmol, 1.0 equiv.) and iminobis(4-methoxyphenyl)-λ6-sulfanone (27.7 

mg, 0.10 mmol, 1.0 equiv.) at 0 °C for 5 d and room temperature for another 2 d, the 

reaction mixture was purified by column chromatography on silica gel (petroleum 

ether/EtOAc = 3/1) to yield the dapoxetine-1 as a white solid (34.0 mg, 63% yield, 92% 

ee). 

To a solution of the above sulfoximine (34.0 mg, 0.063 mmol, 1.0 equiv., 92% ee) in 

THF (3.0 mL) was added the freshly prepared Na/naphthalene reagent (1.30 mL, 0.63 
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mmol, 10.0 equiv., 0.5 M in THF) dropwise with vigorously stirring at −78 °C under 

argon. The reaction mixture was stirred at −78 °C for another 10 min and quenched 

with MeOH (The color was disappeared). Then, the mixture was warmed up to 0 °C, 

followed by the addition of HCl (0.16 mL, 0.63 mmol, 10.0 equiv., 4.0 M in 1,4-dioxane) 

and the reaction mixture was stirred for another 3 h. Upon completion (monitored by 

TLC), the reaction was quenched with saturated aqueous Na2CO3 solution and extracted 

with CH2Cl2 three times. The combined organic layer was washed with brine, dried 

over Na2SO4, filtered and concentrated in vacuum. 

The residue was transferred to a Schlenk tube. Then HCHO (0.023 mL, 0.32 mmol, 5.0 

equiv., 37% in water) and HCO2H (1.0 mL) were added under argon. The reaction 

mixture was refluxed at 100 °C for 24 h. Upon completion (monitored by TLC), the 

reaction was cooled down to room temperature and treated with 2.0 M aqueous NaOH 

solution. The mixture was extracted with CH2Cl2 three times. The combined organic 

layer was washed with brine, dried over Na2SO4, filtered and concentrated in vacuum. 

The residue was purified by column chromatography on silica gel (MeOH/CH2Cl2 = 

1/10) to afford the desired product dapoxetine as a brown oil (13.6 mg, 71% yield, 93% 

ee). 

 

(S)-bis(4-Methoxyphenyl)((3-(naphthalen-1-yloxy)-1-phenylpropyl)imino)-λ6-

sulfanone (dapoxetine-1) 

Ph

N

O

S
O

MeO

OMe

dapoxetine-1  

HPLC analysis: Chiralcel IA (hexane/iPrOH = 80/20, flow rate 1.0 mL/min, λ = 254 

nm), tR (minor) = 10.42 min, tR (major) = 13.60 min. 
1H NMR (400 MHz, CDCl3) δ 8.04 (dd, J = 8.4, 1.2 Hz, 1H), 7.87 – 7.78 (m, 3H), 7.73 

– 7.64 (m, 2H), 7.51 – 7.31 (m, 8H), 7.28 – 7.23 (m, 1H), 6.86 (dd, J = 7.0, 1.6 Hz, 1H), 
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6.81 – 6.75 (m, 2H), 6.75 – 6.70 (m, 2H), 4.60 (dd, J = 8.2, 5.4 Hz, 1H), 4.51 (ddd, J = 

9.3, 7.9, 4.9 Hz, 1H), 4.17 (dt, J = 9.4, 5.5 Hz, 1H), 3.79 (s, 3H), 3.70 (s, 3H), 2.54 – 

2.31 (m, 2H). 
13C NMR (100 MHz, CDCl3) δ 162.5, 154.8, 146.4, 134.5, 132.7, 132.5, 130.6, 130.5, 

128.3, 127.3, 126.8, 126.6, 126.2, 126.1, 125.7, 124.8, 122.3, 119.8, 114.2, 114.1, 104.6, 

65.0, 56.0, 55.5, 55.4, 40.9. 

HRMS (ESI) m/z calcd. for C33H32NO4S [M + H]+ 538.2047, found 538.2060. 

 

(S)-N,N-Dimethyl-3-(naphthalen-1-yloxy)-1-phenylpropan-1-amine (Dapoxetine) 

 

[α]D20 = −1 (c 0.5, CH2Cl2). 

HPLC analysis: Chiralcel OD3 (hexane/iPrOH = 95/5, flow rate 1.0 mL/min, λ = 240 

nm), tR (major) = 5.61 min, tR (minor) = 7.10 min. 
1H NMR (400 MHz, CDCl3) δ 8.57 (dd, J = 8.1, 1.7 Hz, 1H), 7.86 (dd, J = 7.6, 1.9 Hz, 

1H), 7.66 – 7.54 (m, 2H), 7.54 – 7.47 (m, 2H), 7.47 – 7.35 (m, 3H), 7.35 – 7.23 (m, 

2H), 6.74 (d, J = 7.7 Hz, 1H), 5.55 (dd, J = 8.2, 4.7 Hz, 1H), 2.62 (t, J = 7.3 Hz, 2H), 

2.52 – 2.38 (m, 1H), 2.34 (s, 6H), 2.25 – 2.14 (m, 1H). 
13C NMR (100 MHz, CDCl3) δ 153.7, 142.0, 134.6, 128.7, 127.6, 126.4, 126.1, 125.93, 

125.86, 125.2, 122.2, 120.1, 107.0, 78.4, 56.2, 45.7, 37.3. 

HRMS (ESI) m/z calcd. for C21H24NO [M + H]+ 306.1852, found 306.1859. 

 

The synthesis of rivastigmine. 

 

According to General procedure A with 3-(1-bromoethyl)phenyl 
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ethyl(methyl)carbamate (28.5 mg, 0.10 mmol, 1.0 equiv.) for 72 h, the reaction mixture 

was purified by column chromatography on silica gel (petroleum ether/EtOAc = 3/1) 

to yield the rivastigmine-1 as a yellow solid (36.7 mg, 87% yield, 96% ee). 

To a flamed dried flask charged with a stir bar were added the above sulfoximine (27.4 

mg, 0.065 mmol, 1.0 equiv., 96% ee), Mg (15.0 mg, 0.65 mmol, 10.0 equiv.) and 

anhydrous MeOH (1.0 mL) under argon. The reaction mixture was stirred at room 

temperature until Mg disappeared. Upon completion (monitored by TLC), the reaction 

mixture was cooled down to at 0 °C and HCl (0.36 mL, 22.0 equiv., 1.4 mmol, 4.0 M 

in 1,4-dioxane) was added. The mixture was stirred at room temperature to afford a 

homogeneous solution in 10 min. Upon completion (monitored by TLC), the reaction 

was quenched with saturated aqueous Na2CO3 solution and extracted with CH2Cl2 three 

times. The combined organic layer was washed with brine, dried over Na2SO4, filtered 

and concentrated in vacuum. 

The residue was transferred to a Schlenk tube. Then HCHO (0.025 mL, 0.33 mmol, 5.0 

equiv., 37% in water) and HCO2H (1.0 mL) were added under argon. The mixture was 

refluxed at 100 °C for 24 h. Upon completion (monitored by TLC), the reaction was 

cooled down to room temperature and treated with 2.0 M aqueous NaOH solution. The 

mixture was extracted with CH2Cl2 three times, washed with brine, dried over Na2SO4, 

filtered and concentrated to afford the crude product, which was purified by column 

chromatography on silica gel (MeOH/CH2Cl2 = 1/10) to afford the desired product 

rivastigmine as a colorless oil (14.6 mg, 90% yield, 97% ee). 

 

(S)-3-(1-((Oxodiphenyl-λ6-sulfaneylidene)amino)ethyl)phenyl 

ethyl(methyl)carbamate (rivastigmine-1) 

 
HPLC analysis: Chiralcel ID (hexane/iPrOH = 80/20, flow rate 1.0 mL/min, λ = 254 

nm), tR (major) = 18.91 min, tR (minor) = 22.14 min. 
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1H NMR (400 MHz, CDCl3) δ 8.09 – 8.01 (m, 2H), 7.87 – 7.78 (m, 2H), 7.53 – 7.33 

(m, 6H), 7.26 (t, J = 7.9 Hz, 1H), 7.20 (dd, J = 6.6, 1.9 Hz, 2H), 7.02 – 6.94 (m, 1H), 

4.39 (q, J = 6.6 Hz, 1H), 3.44 (dq, J = 21.9, 7.2 Hz, 2H), 3.02 (d, J = 27.4 Hz, 3H), 1.55 

(d, J = 6.6 Hz, 3H), 1.30 – 1.12 (m, 3H). 
13C NMR (100 MHz, CDCl3) δ 154.7, 154.5, 151.5, 149.0, 141.5, 140.6, 132.39, 132.3, 

129.12, 129.05, 129.0, 128.8, 128.4, 122.9, 119.7, 119.5, 53.9, 44.1, 34.2, 33.9, 28.1, 

13.3, 12.5. 

HRMS (ESI) m/z calcd. for C24H27N2O3S [M + H]+ 423.1737, found 423.1745. 

 

(S)-3-(1-(Dimethylamino)ethyl)phenyl ethyl(methyl)carbamate (Rivastigmine) 

 

[α]D20 = −12 (c 0.7, CH2Cl2). 

HPLC analysis: Chiralcel ODH (hexane/iPrOH/TFA/DEA = 80/20/2/1, flow rate 1.0 

mL/min, λ = 210 nm), tR (minor) = 9.56 min, tR (major) = 16.01 min. 
1H NMR (600 MHz, CDCl3) δ 7.43 (t, J = 7.9 Hz, 1H), 7.34 (d, J = 7.8 Hz, 1H), 7.25 

− 7.20 (m, 1H), 7.19 – 7.12 (m, 1H), 4.05 (q, J = 7.2 Hz, 1H), 3.49 (q, J = 7.1 Hz, 1H), 

3.41 (q, J = 7.2 Hz, 1H), 3.04 (d, J = 53.1 Hz, 3H), 2.58 (s, 6H), 1.82 − 1.68 (m, 3H), 

1.30 − 1.16 (m, 3H). 
13C NMR (150 MHz, CDCl3) δ 154.2, 154.1, 151.9, 136.9, 130.0, 125.43, 125.41, 122.9, 

122.8, 122.31, 122.28, 65.8, 44.20, 44.15, 41.0, 34.3, 33.9, 17.84, 17.81, 13.3, 12.5. 

HRMS (ESI) m/z calcd. for C14H23N2O2 [M + H]+ 251.1754, found 251.1755. 
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Mechanistic investigations. (Figure 5) 

Synthesis of the sulfoximiato complex of Cu(I). (Figure 5A) 

 

To a mixture of sulfoximine N1 (21.7 mg, 0.10 mmol, 1.0 equiv.) and CuMes (Mesityl 

Copper) (18.2 mg, 0.10 mmol, 1.0 equiv.) were added C6D6 (benzene-d6) (1.0 mL) 

under argon atmosphere, and the mixture was stirred at 66 °C overnight. After 

completion (monitored by 1H NMR), the mixture was filtered in argon atmosphere and 

washed with anhydrous benzene. Next, the mixture thus obtained was transferred to a 

flask and volatiles were evaporated under reduced pressure to afford analytically pure 

83 (~80% yield) as a crystalline solid.  

The thus obtained product 83 was mixed with anhydrous DMSO at 100 °C in a 

glovebox and filtered to remove any remaining solids. The resulting solution was 

transferred to an NMR tube, and then stayed at 70 °C for 1 month to afford the X-ray 

quality crystals. 

 

((Oxodiphenyl-λ6-sulfaneylidene)amino)copper (83) 

 
1H NMR (600 MHz, DMSO-d6, 100 °C) δ 7.97 – 7.75 (m, 16H), 7.50 – 7.22 (m, 24H) 
13C NMR (150 MHz, DMSO-d6, 100 °C) δ 147.8, 132.1, 129.2, 127.1.  

HRMS (ESI) m/z calcd. for C12H11CuNOS [M + H]+ 279.9852, found 279.9838. 
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The effect of chiral ligand in the stoichiometric reaction of the sulfoximinato 

complex with alkyl bromide. (Figure 5B) 

 

To the 83 (14.0 mg, 0.013 mmol, 0.25 equiv.) was added (1-bromoethyl)benzene (9.2 

mg, 0.050 mmol, 1.0 equiv.), chiral ligand L*7 (6.8 mg, 0.0050 mmol, 10 mol%), 

Cs2CO3 (32.6 mg, 0.10 mmol, 2.0 equiv.) and anhydrous Et2O (1.0 mL) and stirred at 

room temperature for 72 h. The mixture was filtered through a short pad of Celite and 

washed with EtOAc. The filtrate was concentrated to afford the crude product and 

purified by column chromatography on silica gel (petroleum ether/EtOAc = 5/1) to 

yield the product 1 as a colorless oil (12.5 mg, 78% yield, 96% ee). 

 

To the 83 (14.0 mg, 0.013 mmol, 0.25 equiv.) was added (1-bromoethyl)benzene (9.2 

mg, 0.050 mmol, 1.0 equiv.), Cs2CO3 (32.6 mg, 0.10 mmol, 2.0 equiv.) and anhydrous 

Et2O (1.0 mL) and stirred at room temperature for 72 h. The mixture was filtered 

through a short pad of Celite and washed with EtOAc. The filtrate was concentrated to 

afford the crude product and determined by 1H NMR spectra. There is no reaction 

happened without the chiral ligand. 

 

The effect of sulfoximine on the reaction initiation. (Figure 5C) 
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According to General procedure A with (1-bromoethyl)benzene (36.8 mg, 0.20 mmol, 

1.0 equiv.) and chiral ligand L*7 at 0 °C for 72 h, the reaction mixture was purified by 

column chromatography on silica gel (petroleum ether/EtOAc = 5/1) to yield the 

product 1 as a colorless oil (44.3 mg, 69% yield, 96% ee). 

 

 

In absence of sulfoximine N1, according to General procedure A with (1-

bromoethyl)benzene (36.8 mg, 0.20 mmol, 1.0 equiv.) and chiral ligand L*7 at 0 °C 

for 72 h, there is no conversion of E1.  

 

The stereochemistry of alkyl bromide during the reaction. (Figure 5D) 

Racemic benzylic bromide 

 

According to General procedure A with rac-(1-bromoethyl)benzene E1 (36.8 mg, 

0.20 mmol, 1.0 equiv.) and chiral ligand L*7 at room temperature for 12 h, the reaction 

mixture was diluted with EtOAc and filtrated through a pad of Celite, then concentrated 

in vacuum. The yield of E1 was determined by 1H NMR spectra with 1,3,5-

trimethoxybenzene as an internal standard, the product 1 as a colorless oil was obtained 

by column chromatography on silica gel (petroleum ether/EtOAc = 5/1) as a colorless 

oil (16.6 mg, 26% yield, 96% ee). 

 

Chiral benzylic bromide 
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According to General procedure A with (R)-(1-bromoethyl)benzene (36.8 mg, 0.20 

mmol, 1.0 equiv.) and chiral ligand L*7 at room temperature for 12 h, the reaction 

mixture was diluted with EtOAc and filtrated through a pad of Celite, then concentrated 

in vacuum. The yield of (R)-E1 was determined by 1H NMR spectra with 1,3,5-

trimethoxybenzene as an internal standard, the product 1 (13.5 mg, 21% yield, 96% ee) 

as a colorless oil was obtained by column chromatography on silica gel (petroleum 

ether/EtOAc = 5/1). 

 

Radical trap experiment with TEMPO. (Figure 5E) 

 

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a 

magnetic stir bar was charged with iminodiphenyl-λ6-sulfanone N1 (26.0 mg, 0.12 

mmol, 1.2 equiv.), Cu(HFacac)2 (4.4 mg, 0.010 mmol, 10 mol%), chiral ligand L*7 

(13.6 mg, 0.010 mmol, 10 mol%), Cs2CO3 (65.2 mg, 0.20 mmol, 2.0 equiv.), TEMPO 

(31.3 mg, 0.20 mmol, 2.0 equiv.) and anhydrous Et2O (2.0 mL). To this solution was 

added (R)-(1-bromoethyl)benzene (18.4 mg, 0.10 mmol, 1.0 equiv.) and the reaction 

mixture was stirred at room temperature for 96 h. The precipitate was diluted with 

EtOAc, and then filtered through a short pad of Celite and washed with EtOAc. The 

filtrate was concentrated under reduce pressure and the residue was purified by column 

chromatography on neutral alumina (petroleum) to afford 84 as a yellow oil (4.4 mg, 

17% yield). 
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2,2,6,6-Tetramethyl-1-(1-phenylethoxy)piperidine (84) 

 
1H NMR (400 MHz, CDCl3) δ 7.38 – 7.30 (m, 4H), 7.27 – 7.20 (m, 1H), 4.80 (q, J = 

6.7 Hz, 1H), 1.53 – 1.02 (m, 18H), 0.68 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 145.9, 128.0, 126.8, 126.6, 83.1, 59.7, 53.4, 40.4, 34.5, 

34.1, 23.6, 20.4, 17.2. 

HRMS (ESI) m/z calcd. for C17H28NO [M + H]+ 262.2165, found 262.2161. 

 

Radical clock experiment. (Supplementary Scheme S3) 

Benzyl chloride 

 

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a 

magnetic stir bar was charged with iminodiphenyl-λ6-sulfanone N1 (52.0 mg, 0.24 

mmol, 1.2 equiv.), CuTc (3.8 mg, 0.020 mmol, 10 mol%), chiral ligand L*7 (27.3 mg, 

0.020 mmol, 10 mol%), Cs2CO3 (260.8 mg, 0.80 mmol, 4.0 equiv.) and anhydrous Et2O 

(2.0 mL). To this solution was added (chloro(cyclopropyl)methyl)benzene E3 (33.2 mg, 

0.20 mmol, 1.0 equiv.) and the reaction mixture was stirred at room temperature for 96 

h. Upon completion (monitored by TLC), the precipitate was diluted with EtOAc, and 

then filtered through Celite and washed with EtOAc. The filtrate was concentrated and 

the residue was purified by column chromatography on silica gel (petroleum 

ether/EtOAc = 3/1) to afford the desired product 85 as a yellow oil (6.0 mg, 9% yield) 

and 86 as a yellow oil (19.1 mg, 28% yield, 0% ee). 
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(E)-Diphenyl((4-phenylbut-3-en-1-yl)imino)-λ6-sulfanone (85) 

 
1H NMR (400 MHz, CDCl3) δ 8.05 – 7.91 (m, 4H), 7.53 – 7.41 (m, 6H), 7.39 – 7.32 

(m, 2H), 7.32 – 7.27 (m, 2H), 7.22 – 7.15 (m, 1H), 6.51 – 6.41 (m, 1H), 6.30 (dt, J = 

15.9, 6.9 Hz, 1H), 3.19 (t, J = 7.2 Hz, 2H), 2.62 – 2.51 (m, 2H). 
13C NMR (100 MHz, CDCl3) δ 140.8, 137.8, 132.4, 131.1, 129.1, 128.9, 128.6, 128.5, 

128.4, 127.6, 126.9, 126.03, 125.99, 43.9, 36.6. 

HRMS (ESI) m/z calcd. for C22H22NOS [M + H]+ 348.1417, found 348.1411. 

 

((Cyclopropyl(phenyl)methyl)imino)diphenyl-λ6-sulfanone (86) 

 
HPLC analysis: Chiralcel ID (hexane/iPrOH = 90/10, flow rate 1.0 mL/min, λ = 254 

nm), tR1 = 8.17 min, tR2 = 9.82 min. 
1H NMR (400 MHz, CDCl3) δ 8.09 – 8.00 (m, 2H), 7.80 – 7.70 (m, 2H), 7.53 – 7.37 

(m, 6H), 7.36 – 7.27 (m, 4H), 7.25 – 7.19 (m, 1H), 3.61 (d, J = 7.6 Hz, 1H), 1.36 – 1.17 

(m, 1H), 0.58 – 0.50 (m, 1H), 0.50 – 0.39 (m, 2H), 0.39 – 0.30 (m, 1H). 
13C NMR (100 MHz, CDCl3) δ 146.2, 141.7, 140.9, 132.3, 132.2, 128.94, 128.92, 128.6, 

128.1, 126.8, 126.5, 62.9, 21.1, 4.8, 4.1. 

HRMS (ESI) m/z calcd. for C22H22NOS [M + H]+ 348.1417, found 348.1411. 

 

α-Bromo ketone 

 
Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a 
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magnetic stir bar was charged with iminobis(4-methoxyphenyl)-λ6-sulfanone (60.9 mg, 

0.22 mmol, 1.1 equiv.), Cu(HFacac)2 (8.8 mg, 0.020 mmol, 10 mol%), chiral ligand 

L*7 (27.3 mg, 0.020 mmol, 10 mol%), Cs2CO3 (260.8 mg, 0.80 mmol, 4.0 equiv.) and 

anhydrous Et2O (4.0 mL). To this solution was added 2-bromo-2-cyclopropyl-1-

phenylethan-1-one E4 (47.6 mg, 0.20 mmol, 1.0 equiv.) and the reaction mixture was 

stirred at 0 °C for 72 h. Upon completion (monitored by TLC), the precipitate was 

diluted with EtOAc, and then filtered through a short pad of Celite and washed with 

EtOAc. The filtrate was evaporated and the residue was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 1/1) to yield the product 87 as 

a colorless oil (48.7 mg, 56% yield). 

 

(E)-bis(4-Methoxyphenyl)((5-oxo-5-phenylpent-3-en-1-yl)imino)-λ6-sulfanone 

(87) 

 
1H NMR (400 MHz, CDCl3) δ 8.00 – 7.91 (m, 2H), 7.91 – 7.83 (m, 4H), 7.59 – 7.52 

(m, 1H), 7.52 – 7.44 (m, 2H), 7.20 – 7.10 (m, 1H), 7.02 – 6.95 (m, 1H), 6.95 – 6.89 (m, 

4H), 3.82 (s, 6H), 3.24 (t, J = 6.9 Hz, 2H), 2.73 – 2.61 (m, 2H). 
13C NMR (100 MHz, CDCl3) δ 191.0, 162.7, 148.3, 138.0, 132.6, 132.5, 130.4, 128.6, 

128.5, 127.1, 114.4, 55.6, 42.7, 36.3. 

HRMS (ESI) m/z calcd. for C25H26NO4S [M + H]+ 436.1577, found 436.1575. 

 

α-Bromo amide 

 

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a 
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magnetic stir bar was charged with iminodiphenyl-λ6-sulfanone N1 (13.0 mg, 0.060 

mmol, 1.2 equiv.), Cu(HFacac)2 (2.39 mg, 0.0050 mmol, 10 mol%), chiral ligand L*7 

(6.8 mg, 0.0050 mmol, 10 mol%), Cs2CO3 (65.2 mg, 0.20 mmol, 4.0 equiv.) and 

anhydrous Et2O (1.0 mL). To this solution was added alkyl halide 2-bromo-2-

cyclopropyl-1-morpholinoethan-1-one E5 (12.4 mg, 0.050 mmol, 1.0 equiv.) and the 

reaction mixture was stirred at room temperature for 96 h. Upon completion (monitored 

by TLC), the precipitate was diluted with EtOAc, and then filtered through a short pad 

of Celite and washed with EtOAc. The filtrate was concentrated and the residue was 

purified by column chromatography on silica gel (petroleum ether/EtOAc = 1/2) to 

afford the desired product 89 as a yellow oil (10.0 mg, 52% yield). 

 

(E)-((5-Morpholino-5-oxopent-3-en-1-yl)imino)diphenyl-λ6-sulfanone (89) 

O
N

O

N
S

Ph

O

Ph

89  
1H NMR (400 MHz, CDCl3) δ 8.06 – 7.93 (m, 4H), 7.59 – 7.42 (m, 6H), 6.95 (dt, J = 

15.2, 6.9 Hz, 1H), 6.32 (d, J = 15.2 Hz, 1H), 3.81 – 3.45 (m, 8H), 3.21 (t, J = 7.0 Hz, 

2H), 2.65 – 2.53 (m, 2H). 
13C NMR (100 MHz, CDCl3) δ 165.9, 144.7, 140.6, 132.5, 129.2, 128.5, 121.0, 66.9, 

46.2, 42.7, 36.0. 

HRMS (ESI) m/z calcd. for C21H25N2O3S [M + H]+ 385.1580, found 385.1575. 
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NMR spectra 
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HPLC spectra 
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The chloro substrate 
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