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1. General: Commercially available reagents were used without further purification. Solvents 

were treated prior to use according to the standard methods. 1H NMR and 13C NMR spectra were 

recorded at room temperature in CDCl3 or DMSO-d6 on 400 MHz instrument with TMS 

(tetramethylsilane) as internal standard. Enantiomeric excess was determined by HPLC analysis, 

using chiral column described below in detail. Optical rotations were measured by polarimeter. 

Flash column chromatography was performed on silica gel (200-300 mesh). 

2. General Procedure for Synthesis of N-Tosylarylimines 1 

N-Tosylarylimines 1 can be conveniently synthesized according to the known literature 

procedures.[1] 1a-1l are the known compounds[2,3,4] except (E)-N-(3,5-dimethoxybenzylidene)- 

4-methylbenzenesulfonamide (1i) and (E)-N-(2-bromo-4,5-dimethoxybenzylidene)-4-methylben- 

zenesulfonamide (1k). 

Synthesis of (E)-N-(3,5-Dimethoxybenzylidene)-4-methylbenzenesulfonamide (1i) 

Following a known literature report,[1] the aldehyde (0.848 g, 5.1 mmol), p-toluenesulfona- 

mides (0.856 g, 5.0 mmol) and Si(OEt)4 (1.20 mL, 5.4 mmol) were combined in a flask equipped 

with a still head and heated at 160 oC under nitrogen for 5 h, during which time ethanol was 

collected in a receiving flask. On cooling, the reaction mixture was dissolved in warm ethyl 

acetate (50 mL) and treated with petroleum ether (60-90 oC, 100 mL), and allowed to stand at 

room temperature for 1 hour. During this time crestals formed, which were colleceted by filtration, 

washed with petroleum ether and dried to afford N- tosylarylimine 1i. 

 

(E)-N-(3,5-Dimethoxybenzylidene)-4-methylbenzenesulfonamide (1i): Yellow solid, m.p. 

= 132-133 oC, unknown compound, Yield: 53%. 1H NMR (400 MHz, CDCl3) δ 8.92 (s, 1H), 7.88 

(d, J = 8.3 Hz, 2H), 7.35 (d, J = 8.3 Hz, 2H), 7.05 (d, J = 2.3 Hz, 2H), 6.68 (t, 

J = 2.3 Hz, 1H), 3.81 (s, 6H), 2.44 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 

170.4, 161.4, 144.9, 135.3, 134.4, 130.0, 128.4, 108.9, 108.0, 55.9, 21.9. 

HRMS Calculated for C16H18NO4S (M+H)+ 320.0951, found: 320.0948. 

(E)-N-(2-Bromo-4,5-dimethoxybenzylidene)-4-methylbenzenesulfonamide (1k): White 

solid, m.p. = 176-177 oC, unknown compound, yield: 57%. 1H NMR (400 MHz, CDCl3) δ 9.28 (s, 

1H), 7.89 (d, J = 8.2 Hz, 2H), 7.59 (s, 1H), 7.35 (d, J = 8.1 Hz, 2H), 7.06 (s, 

1H), 3.94 (s, 3H), 3.88 (s, 3H), 2.44 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 

169.0, 155.4, 149.0, 144.7, 135.3, 130.0, 128.4, 123.7, 122.9, 115.7, 111.3, 

56.7, 56.5, 21.8. HRMS Calculated for C16H17BrNO4S (M+H)+ 398.0056, found: 398.0051. 
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3. Palladium-catalyzed Asymmetric Addition of Arylboronic Acids to N- 

Tosylarylimines 

 

General Procedure: Pd((Ra,S,S)-C3-ACBP L1)(OCOCF3)2 (5.9 mg, 0.01 mmol, 5 mol%) in 

trifluoroethanol (TFE, 3 mL) was srirred at 0 oC for 10 minutes, arylboronic acids and 

N-tosylarylimines were added sequentially to the solution. The mixture was kept stirring until the 

reaction completed indicated by TLC. Then the resulting mixture was concentrated under vacuum 

and purified by silica gel chromatography using petroleum ether/ethyl acetate as eluent, the 

enantiomeric excess of the products were determined by HPLC with chiral columns.  

(S)-N-((4-Chlorophenyl)(phenyl)methyl)-4-methylbenzenesulfonamide (3aa): White solid, 

known compound,[2] m.p. = 120-121 oC, yield: 99%, ee: 89%, [α]20
D = -4.91 (c 1.10, CHCl3) [lit.

[2]: 

[]20
D = -3.4 (c 0.91, CHCl3) for 90% ee], Rf = 0.45 (petroleum ether/diethyl 

ether 1:1). 1H NMR (400 MHz, CDCl3) δ 7.54 (d, J = 8.3 Hz, 2H), 7.23-7.10 (m, 

7H), 7.09-6.99 (m, 4H), 5.53 (d, J = 7.3 Hz, 1H), 5.32 (d, J = 7.2 Hz, 1H), 2.38 

(s, 3H). 13C NMR (100 MHz, CDCl3) δ143.6, 140.3, 139.3, 137.5, 133.6, 129.6, 

129.0, 128.9, 128.8, 128.0, 127.5, 127.4, 61.0, 21.7. HPLC (OD-H column, iPrOH/hexane 30/70, 

0.70 mL/min, 230 nm): t1 = 8.2 min (major), t2 = 10.2 min. 

(S)-N-((4-Bromophenyl)(phenyl)methyl)-4-methylbenzenesulfonamide (3ba): White solid, 

known compound,[3] m.p. = 133-134 oC, yield: 96%, ee: 89%, [α]20
D = -6.60 (c 1.00, CHCl3) [lit.

[3]: 

[]20
D = -8.9 (c 0.94, CHCl3) for 95% ee], Rf = 0.45 (petroleum ether/diethyl 

ether 1:1). 1H NMR (400 MHz, CDCl3) δ 7.53 (d, J = 8.1 Hz, 2H), 7.30 (d, J = 

8.3 Hz, 2H), 7.24-6.91 (m, 9H), 5.51 (d, J = 7.1 Hz, 1H), 5.40 (brs, 1H), 2.38 (s, 

3H). 13C NMR (100 MHz, CDCl3) δ 143.6, 140.2, 139.8, 137.4, 131.8, 129.6, 

129.3, 128.9, 128.0, 127.5, 127.4, 121.8, 61.0, 21.7. HPLC (OD-H column, iPrOH/hexane 20/80, 

0.70 mL/min, 230 nm): t1 = 11.3 min (major), t2 = 15.1 min. 

(S)-N-((2-Bromophenyl)(phenyl)methyl)-4-methylbenzenesulfonamide (3ca): White solid, 

known compound,[2] m.p. = 174-175 oC, yield: 90%, ee: 90%, [α]20
D = +23.00 (c 0.30, CHCl3) 

[lit.[2]: []20
D = +14.5 (c 0.765, CHCl3) for 84% ee], Rf = 0.40 (petroleum 

ether/diethyl ether 1:1). 1H NMR (400 MHz, CDCl3) δ 7.61 (d, J = 8.3 Hz, 2H), 

7.41 (dd, J = 8.0, 1.1 Hz, 1H), 7.35 (dd, J = 7.8, 1.6 Hz, 1H), 7.24-6.98 (m, 9H), 

5.93 (d, J = 7.3 Hz, 1H), 5.62 (d, J = 7.3 Hz, 1H), 2.35 (s, 3H). 13C NMR (100 MHz, 

CDCl3): δ 143.6, 139.5, 139.3, 137.2, 133.4, 129.8, 129.7, 129.3, 128.9, 128.1, 127.8, 127.7, 127.5, 

123.3, 60.8, 21.7. HPLC (AD-H column, iPrOH/hexane 10/90, 0.7 mL/min, 230 nm): t1 = 26.4 

min (major), t2 = 28.8 min. 

 (S)-4-Methyl-N-(phenyl(p-tolyl)methyl)benzenesulfonamide (3da): White solid, known 

compound,[2] m.p. = 150-151 oC, yield: 91%, ee: 90%, [α]20
D = -10.00 (c 1.00, CHCl3) [lit.[2]: 

[]20
D = -9.1 (c 0.91, CHCl3) for 90% ee], Rf = 0.50 (petroleum ether/diethyl 

ether 1:1). 1H NMR (400 MHz, CDCl3) δ 7.55 (d, J = 8.2 Hz, 2H), 7.22-7.05 (m, 

7H), 6.98 (q, J = 8.3 Hz, 4H), 5.52 (d, J = 7.2 Hz, 1H), 5.30 (brs, 1H), 2.36 (s, 
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3H), 2.26 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 143.3, 140.9, 137.9, 137.7, 137.5, 129.5, 129.4, 

128.7, 127.6, 127.5, 127.5, 127.4, 61.3, 21.6, 21.2. HPLC (OD-H column, iPrOH/hexane 20/80, 

0.70 mL/min, 230 nm): t1 = 9.6 min (major), t2 = 12.8 min. 

(S)-N-((4-Methoxyphenyl)(phenyl)methyl)-4-methylbenzenesulfonamide (3ea): White 

solid, known compound,[2] m.p. = 114-115 oC, yield: 99%, ee: 91%, [α]20
D = -17.5 (c 1.00, CHCl3) 

[lit.[2]: []20
D = -11.8 (c 0.75, CHCl3) for 88% ee], Rf = 0.30 (petroleum 

ether/diethyl ether 1:1). 1H NMR (400 MHz, CDCl3) δ 7.56 (d, J = 8.3 Hz, 

2H), 7.25-7.06 (m, 7H), 7.04-6.96 (m, 2H), 6.79-6.66 (m, 2H), 5.53 (d, J = 7.3 

Hz, 1H), 5.39 (brs, 1H), 3.74 (s, 3H), 2.38 (s, 3H). 13C NMR (100 MHz, 

CDCl3): δ 159.1, 143.2, 141.0, 137.7, 133.0, 129.5, 128.8, 128.6, 127.6, 127.5, 127.4, 114.1, 61.0, 

55.4, 21.6. HPLC (OD-H column, iPrOH/hexane 20/80, 0.70 mL/min, 230 nm): t1 = 12.7 min 

(major), t2 = 19.0 min. 

(-)-N-((2-Hydroxyphenyl)(phenyl)methyl)-4-methylbenzenesulfonamide (3fa): White 

solid, unknown compound, m.p. = 154-155 oC, yield: 76%, ee: 91%, [α]20
D = -5.67 (c 0.97, 

CHCl3), Rf = 0.35 (petroleum ether/diethyl ether 1:1). 1H NMR (400 MHz, CDCl3) 

δ 7.53 (d, J = 8.2 Hz, 2H), 7.25-7.12 (m, 5H), 7.10-6.95 (m, 3H), 6.86 (dd, J = 7.5, 

1.2 Hz, 1H), 6.76-6.57 (m, 2H), 6.05 (brs, 1H), 5.94 (d, J = 8.9 Hz, 1H), 5.64 (d, J 

= 8.9 Hz, 1H), 2.31 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 153.3, 143.4, 140.0, 

137.1, 129.8, 129.5, 129.3, 128.5, 127.6, 127.3, 127.1, 126.1, 120.9, 116.7, 59.3, 21.6. HRMS 

Calculated for C20H19NNaO3S (M+Na)+ 376.0978, found: 376.0984. HPLC of the product after 

being protected by benzoyl chloride (OD-H column, iPrOH/hexane 30/70, 0.70 mL/min, 230 nm): 

t1 = 10.5 min, t2 = 12.1 min (major). 

(S)-N-((2-Methoxyphenyl)(phenyl)methyl)-4-methylbenzenesulfonamide (3ga): White 

solid, known compound,[2] m.p. = 115-116 oC, yield: 95%, ee: 91%, [α]20
D = -24.30 (c 1.00, 

CHCl3) [lit.
[2]: []20

D = -23.6 (c 0.65, CHCl3) for 92% ee], Rf = 0.45 (petroleum 

ether/diethyl ether 1:1). 1H NMR (400 MHz, CDCl3) δ 7.51 (d, J = 8.2 Hz, 2H), 

7.23-7.09 (m, 6H), 7.07-6.94 (m, 3H), 6.76 (t, J = 7.4 Hz, 1H), 6.66 (d, J = 8.2 Hz, 

1H), 5.89 (d, J = 9.2 Hz, 1H), 5.67 (d, J = 9.2 Hz, 1H), 3.57 (s, 3H), 2.30 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 156.5, 142.9, 140.8, 137.8, 129.7, 129.2, 129.1, 128.3, 128.0, 

127.2, 127.2, 127.0, 120.8, 111.3, 59.1, 55.4, 21.6. HPLC (OD-H column, iPrOH/hexane 20/80, 

0.70 mL/min, 230 nm): t1 = 9.8 min, t2 = 11.1 min (major). 

(-)-N-((3,4-Dimethoxyphenyl)(phenyl)methyl)-4-methylbenzenesulfonamide (3ha): 

White solid, unknown compound, m.p. = 146-147 oC, yield: 94%, ee: 92%, [α]20
D = -17.00 (c 1.00, 

CHCl3), Rf = 0.10 (petroleum ether/diethyl ether 1:1). 1H NMR (400 MHz, 

CDCl3) δ 7.55 (d, J = 8.2 Hz, 2H), 7.25-7.06 (m, 7H), 6.73-6.63 (m, 1H), 

6.62-6.52 (m, 2H), 5.53 (d, J = 7.2 Hz, 1H), 5.33 (d, J = 7.2 Hz, 1H), 3.81 (s, 

3H), 3.69 (s, 3H), 2.36 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 149.2, 148.7, 

143.3, 140.9, 137.8, 133.3, 129.5, 128.7, 127.7, 127.5, 127.4, 120.0, 111.2, 110.8, 61.3, 56.1, 55.9, 

21.6. HRMS Calculated for C22H23NNaO4S (M+Na)+ 420.1240, found: 420.1233. HPLC (IA 

column, iPrOH/hexane 10/90, 1.0 mL/min, 230 nm): t1 = 27.9 min (major), t2 = 36.0 min. 

(-)-N-((3,5-Dimethoxyphenyl)(phenyl)methyl)-4-methylbenzenesulfonamide (3ia): White 

solid, unknown compound, m.p. = 139-140 oC, yield: 90%, ee: 90%, [α]20
D = -3.40 (c 1.00, 

Ph

HN
Ts

OH
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CHCl3), Rf = 0.30 (petroleum ether/diethyl ether 1:1). 1H NMR (400 MHz, 

CDCl3) δ 7.57 (d, J = 8.2 Hz, 2H), 7.25-7.05 (m, 7H), 6.30-6.20 (m, 3H), 5.55 

(d, J = 7.5 Hz, 1H), 5.49 (d, J = 7.5 Hz, 1H), 3.65 (s, 6H), 2.36 (s, 3H). 13C 

NMR (100 MHz, CDCl3) δ 161.0, 143.3, 143.0, 140.5, 137.6, 129.5, 128.7, 

127.7, 127.5, 127.4, 105.6, 99.7, 61.6, 55.4, 21.6. HRMS Calculated for 

C22H24NO4S (M+H)+ 398.1421, found: 398.1421. HPLC (OD-H column, iPrOH/hexane 20/80, 0.7 

mL/min, 230 nm): t1 = 11.9 min, t2 = 14.5 min (major). 

(-)-4-Methyl-N-(phenyl(3,4,5-trimethoxyphenyl)methyl)benzenesulfonamide (3ja): 

White solid, unknown compound, m.p. = 100-101 oC, yield: 99%, ee: 92%, [α]20
D = -14.50 (c 0.80, 

CHCl3), Rf = 0.20 (petroleum ether/diethyl ether 1:1). 1H NMR (400 MHz, 

CDCl3) δ 7.55 (d, J = 8.3 Hz, 2H), 7.24-7.05 (m, 7H), 5.75 (d, J = 7.7 Hz, 1H), 

5.51 (d, J = 7.7 Hz, 1H), 3.76 (s, 3H), 3.65 (s, 6H), 2.35 (s, 3H). 13C NMR 

(100 MHz, CDCl3) δ 153.3, 143.3, 140.7, 137.7, 137.4, 136.1, 129.4, 128.7, 

127.8, 127.4, 127.4, 104.7, 61.7, 60.9, 56.1, 21.6. HRMS Calculated for C23H25NNaO5S (M+Na)+ 

450.1346, found: 450.1335. HPLC (OD-H column, iPrOH/hexane 20/80, 0.70 mL/min, 230 nm): 

t1 = 14.2 min, t2 = 16.4 min (major). 

(-)-N-((2-Bromo-4,5-dimethoxyphenyl)(phenyl)methyl)-4-methylbenzenesulfonamide 

(3ka): White solid, unknown compound, m.p. = 142-143 oC, yield: 99%, ee: 93%, [α]20
D = -1.87 

(c 1.07, CHCl3), Rf = 0.15 (petroleum ether/diethyl ether 1:1). 1H NMR 

(400 MHz, CDCl3) δ 7.60 (d, J = 8.3 Hz, 2H), 7.25-7.18 (m, 3H), 

7.15-7.08 (m, 4H), 6.86 (s, 1H), 6.75 (s, 1H), 5.88 (d, J = 7.1 Hz, 1H), 5.58 

(d, J = 7.1 Hz, 1H), 3.82 (s, 3H), 3.71 (s, 3H), 2.37 (s, 3H). 13C NMR (100 

MHz, CDCl3) δ 149.2, 148.8, 143.6, 139.8, 137.3, 131.2, 129.6, 128.9, 128.0, 127.5, 127.4, 115.8, 

113.3, 112.1, 60.6, 56.4, 56.2, 21.7. HRMS Calculated for C22H22BrNNaO4S (M+Na)+ 498.0345, 

found: 498.0344. HPLC (OD-H column, iPrOH/hexane 20/80, 0.70 mL/min, 230 nm): t1 = 12.2 

min, t2 = 16.6 min (major). 

(S)-4-Methyl-N-(naphthalen-1-yl(phenyl)methyl)benzenesulfonamide (3la): White solid, 

known compound,[3] m.p. = 80-82 oC, yield: 99%, ee: 90%. [α]20
D = -9.70 (c 1.00, CHCl3) [lit.

[3]: 

[]20
D = -8.7 (c 0.85, CHCl3) for 95% ee]. Rf = 0.15 (petroleum ether/diethyl 

ether 1:1). 1H NMR (400 MHz, CDCl3) δ 7.92-7.78 (m, 2H), 7.76-7.66 (m, 

1H), 7.54-7.36 (m, 4H), 7.32-7.25 (m, 2H), 7.24-7.11 (m, 5H), 7.02 (d, J = 

8.1 Hz, 2H), 6.35 (d, J = 7.4 Hz, 1H), 5.52 (d, J = 7.4 Hz, 1H), 2.34 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 143.2, 140.4, 137.5, 135.7, 134.1, 130.7, 129.4, 129.0, 128.7, 

128.7, 127.7, 127.7, 127.3, 126.7, 126.3, 125.9, 125.2, 123.6, 58.6, 21.6. HPLC (OD-H column, 
iPrOH/hexane 20/80, 0.70 mL/min, 230 nm): t1 = 17.2 min, t2 = 20.3 min (major). 

(+)-N-((2-Bromo-4,5-dimethoxyphenyl)(p-tolyl)methyl)-4-methylbenzenesulfonamide 

(3kb): White solid, unknown compound, m.p. = 158-159 oC, yield: 98%, ee: 93%, [α]20
D = +9.29 

(c 0.93, CHCl3), Rf = 0.15 (petroleum ether/diethyl ether 1:1). 1H NMR 

(400 MHz, CDCl3) δ 7.60 (d, J = 8.2 Hz, 2H), 7.14 (d, J = 8.1 Hz, 2H), 

7.01 (q, J = 8.3 Hz, 4H), 6.85 (s, 1H), 6.78 (s, 1H), 5.84 (d, J = 7.0 Hz, 

1H), 5.58 (d, J = 7.0 Hz, 1H), 3.81 (s, 3H), 3.71 (s, 3H), 2.37 (s, 3H), 

2.27 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 149.1, 148.8, 143.5, 137.7, 137.3, 136.9, 131.4, 129.5, 

Ph

HN
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129.5, 127.5, 127.4, 115.7, 113.2, 112.0, 60.3, 56.4, 56.1, 21.6, 21.2. HRMS Calculated for 

C23H24BrNNaO4S (M+Na)+ 512.0502, found: 512.0489. HPLC (OD-H column, iPrOH/hexane 

20/80, 0.70 mL/min, 230 nm): t1 = 10.9 min, t2 = 19.7 min (major). 

(+)-N-((2-Bromo-4,5-dimethoxyphenyl)(m-tolyl)methyl)-4-methylbenzenesulfonamide 

(3kc): Colorless oil, unknown compound, yield: 99%, ee: 93%, [α]20
D = +3.96 (c 0.96, CHCl3), Rf 

= 0.15 (petroleum ether/diethyl ether 1:1). 1H NMR (400 MHz, CDCl3) 

δ 7.60 (d, J = 8.2 Hz, 2H), 7.18-7.05 (m, 3H), 7.01 (d, J = 7.6 Hz, 1H), 

6.94-6.82 (m, 3H), 6.76 (s, 1H), 5.85 (d, J = 7.1 Hz, 1H), 5.60 (brs, 1H), 

3.81 (s, 3H), 3.71 (s, 3H), 2.37 (s, 3H), 2.23 (s, 3H). 13C NMR (100 

MHz, CDCl3) δ 149.1, 148.7, 143.5, 139.8, 138.5, 137.3, 131.4, 129.5, 128.7, 128.1, 127.5, 124.4, 

115.7, 113.3, 112.1, 60.5, 56.4, 56.2, 21.6, 21.6. HRMS Calculated for C23H24BrNNaO4S 

(M+Na)+ 512.0502, found: 512.0495. HPLC (OD-H column, iPrOH/hexane 10/90, 1.0 mL/min, 

230 nm): t1 = 15.9 min, t2 = 19.9 min (major). 

(+)-N-((2-Bromo-4,5-dimethoxyphenyl)(o-tolyl)methyl)-4-methylbenzenesulfonamide 

(3kd): Colorless oil, unknown compound, yield: 97%, ee: 94%, [α]20
D = +39.44 (c 0.90, CHCl3), 

Rf = 0.15 (petroleum ether/diethyl ether 1:1). 1H NMR (400 MHz, CDCl3) 

δ 7.55 (d, J = 7.6 Hz, 2H), 7.18-7.08 (m, 4H), 7.04-6.96 (m, 1H), 6.94-6.81 

(m, 2H), 6.73 (s, 1H), 6.06 (d, J = 6.1 Hz, 1H), 5.06 (brs, 1H), 3.82 (s, 3H), 

3.61 (s, 3H), 2.36 (s, 3H), 2.32 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 

149.0, 148.4, 143.6, 137.6, 137.6, 137.0, 131.1, 130.8, 129.5, 128.2, 127.6, 127.4, 126.3, 115.8, 

113.5, 112.4, 57.8, 56.4, 56.0, 21.6, 19.3. HRMS Calculated for C23H24BrNNaO4S (M+Na)+ 

512.0502, found: 512.0498. HPLC (IA column, iPrOH/hexane 15/85, 1.0 mL/min, 230 nm): t1 = 

15.5 min (major), t2 = 22.6 min. 

(+)-N-((2-Bromo-4,5-dimethoxyphenyl)(4-methoxyphenyl)methyl)-4-methylbenzenesulf

onamide (3ke): White solid, unknown compound, m.p. = 148-149 oC, yield: 98%, ee: 92%, [α]20
D 

= +13.02 (c 0.96, CHCl3), Rf = 0.10 (petroleum ether/diethyl ether 

1:1). 1H NMR (400 MHz, CDCl3) δ 7.59 (d, J = 8.3 Hz, 2H), 7.13 (d, 

J = 8.1 Hz, 2H), 7.02 (d, J = 8.7 Hz, 2H), 6.85 (s, 1H), 6.81-6.69 (m, 

3H), 5.82 (d, J = 7.1 Hz, 1H), 5.62 (d, J = 7.1 Hz, 1H), 3.81 (s, 3H), 

3.74 (s, 3H), 3.71 (s, 3H), 2.36 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 159.3, 149.0, 148.7, 143.5, 

137.3, 131.9, 131.5, 129.5, 128.7, 127.4, 115.7, 114.2, 113.2, 111.9, 60.1, 56.4, 56.1, 55.4, 21.6. 

HRMS Calculated for C23H24BrNNaO5S (M+Na)+ 528.0451, found: 528.0443. HPLC (OD-H 

column, iPrOH/hexane 30/70, 0.70 mL/min, 230 nm): t1 = 10.9 min, t2 = 22.2 min (major). 

(+)-N-((2-Bromo-4,5-dimethoxyphenyl)(3-methoxyphenyl)methyl)-4-methylbenzenesulf

onamide (3kf): Colorless oil, unknown compound, yield: 99%, ee: 93%, [α]20
D = +2.40 (c 0.96, 

CHCl3), Rf = 0.10 (petroleum ether/diethyl ether 1:1). 1H NMR (400 

MHz, CDCl3) δ 7.60 (d, J = 8.3 Hz, 2H), 7.17-7.07 (m, 3H), 6.84 (s, 

1H), 6.81-6.66 (m, 4H), 5.94 (d, J = 7.6 Hz, 1H), 5.87 (d, J = 7.6 Hz, 

1H), 3.80 (s, 3H), 3.68 (s, 3H), 3.67 (s, 3H), 2.35 (s, 3H). 13C NMR 

(100 MHz, CDCl3) δ 159.9, 149.1, 148.8, 143.5, 141.4, 137.2, 131.4, 129.8, 129.5, 127.4, 119.6, 

115.6, 113.3, 113.2, 113.1, 111.8, 60.3, 56.3, 56.1, 55.3, 21.6. HRMS Calculated for 
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C23H24BrNNaO5S (M+Na)+ 528.0451, found: 528.0445. HPLC (OD-H column, iPrOH/hexane 

10/90, 0.70 mL/min, 230 nm): t1 = 23.3 min, t2 = 30.1 min (major). 

(+)-N-((2-Bromo-4,5-dimethoxyphenyl)(2-methoxyphenyl)methyl)-4-methylbenzenesulf

onamide (3kg): White solid, unknown compound, m.p. = 94-95 oC, yield: 99%, ee: 94%, [α]20
D = 

+2.72 (c 0.92, CHCl3), Rf = 0.10 (petroleum ether/diethyl ether 1:1). 1H 

NMR (400 MHz, CDCl3) δ 7.63 (d, J = 8.3 Hz, 2H), 7.22-7.10 (m, 3H), 

7.09-7.00 (m, 2H), 6.89 (s, 1H), 6.82-6.68 (m, 2H), 6.01 (d, J = 6.6 Hz, 

1H), 5.64 (d, J = 6.5 Hz, 1H), 3.81 (s, 3H), 3.74 (s, 3H), 3.63 (s, 3H), 2.36 

(s, 3H). 13C NMR (100 MHz, CDCl3) δ 156.7, 148.9, 148.3, 143.2, 137.4, 131.5, 129.5, 129.4, 

129.3, 127.6, 127.5, 120.7, 115.6, 113.3, 112.6, 111.0, 57.3, 56.3, 56.1, 55.3, 21.6. HRMS 

Calculated for C23H24BrNNaO5S (M+Na)+ 528.0451, found: 528.0458. HPLC (OD-H column, 
iPrOH/hexane 30/70, 0.70 mL/min, 230 nm): t1 = 10.3 min (major), t2 = 12.2 min. 

(+)-N-((2-Bromo-4,5-dimethoxyphenyl)(4-fluorophenyl)methyl)-4-methylbenzenesulfon

amide (3kh): White solid, unknown compound, m.p. = 197-198 oC, yield: 99%, ee: 94%, [α]20
D = 

+0.36 (c 0.84, CHCl3), Rf = 0.15 (petroleum ether/diethyl ether 1:1). 1H 

NMR (400 MHz, DMSO-d6) δ 8.70 (d, J = 9.8 Hz, 1H), 7.44 (d, J = 8.2 

Hz, 2H), 7.27-7.04 (m, 6H), 6.94 (d, J = 2.2 Hz, 2H), 5.82 (d, J = 9.7 Hz, 

1H), 3.71 (s, 3H), 3.59 (s, 3H), 2.26 (s, 3H). 13C NMR (100 MHz, 

DMSO-d6) δ 162.3 (d, J = 243 Hz), 148.6 (d, J = 16 Hz), 142.3, 138.0, 136.6 (d, J = 3 Hz), 130.9, 

129.2 (d, J = 8 Hz), 129.0, 126.3, 115.3, 115.1, 115.0, 112.5, 111.6, 58.8, 56.0, 55.6, 20.8. 19F 

NMR (376 MHz, CDCl3) δ -110.49. HRMS Calculated for C22H21BrFNNaO4S (M+Na)+ 516.0251, 

found: 516.0256. HPLC (OD-H column, iPrOH/hexane 30/70, 0.70 mL/min, 230 nm): t1 = 8.4 min, 

t2 = 15.0 min (major). 

(+)-N-((2-Bromo-4,5-dimethoxyphenyl)(4-bromophenyl)methyl)-4-methylbenzenesulfon

amide (3ki): White solid, unknown compound, m.p. = 163-164 oC, yield: 95%, ee: 93%, [α]20
D = 

+5.00 (c 1.20, CHCl3), Rf = 0.20 (petroleum ether/diethyl ether 1:1). 1H 

NMR (400 MHz, CDCl3) δ 7.56 (d, J = 8.2 Hz, 2H), 7.33 (d, J = 8.5 Hz, 

2H), 7.11 (d, J = 8.1 Hz, 2H), 7.03 (d, J = 8.5 Hz, 2H), 6.84 (s, 1H), 

6.69 (s, 1H), 6.01 (d, J = 8.0 Hz, 1H), 5.84 (d, J = 8.0 Hz, 1H), 3.81 (s, 

3H), 3.69 (s, 3H), 2.36 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 149.3, 148.9, 143.7, 139.0, 137.1, 

131.9, 130.7, 129.6, 129.1, 127.3, 122.0, 115.7, 113.2, 111.7, 60.0, 56.4, 56.2, 21.6. HRMS 

Calculated for C22H21Br2NNaO4S (M+Na)+ 575.9450, found: 575.9444. HPLC (OD-H column, 
iPrOH/hexane 30/70, 0.70 mL/min, 230 nm): t1 = 9.6 min, t2 = 21.3 min (major). 

(+)-N-((4-(Benzyloxy)phenyl)(2-bromo-4,5-dimethoxyphenyl)methyl)-4-methylbenzenes

ulfonamide (3kj): White solid, unknown compound, m.p. = 90-91 oC, yield: 99%, ee: 92%, [α]20
D 

= +15.50 (c 1.20, CHCl3), Rf = 0.15 (petroleum ether/diethyl ether 

1:1). 1H NMR (400 MHz, CDCl3) δ 7.59 (d, J = 8.2 Hz, 2H), 

7.43-7.27 (m, 5H), 7.13 (d, J = 8.1 Hz, 2H), 7.02 (d, J = 8.7 Hz, 2H), 

6.88-6.79 (m, 3H), 6.77 (s, 1H), 5.82 (d, J = 6.9 Hz, 1H), 5.55 (d, J = 

6.9 Hz, 1H), 4.99 (s, 2H), 3.81 (s, 3H), 3.70 (s, 3H), 2.36 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 

158.5, 149.1, 148.8, 143.5, 137.3, 137.0, 132.2, 131.4, 129.5, 128.8, 128.8, 128.2, 127.6, 127.5, 

115.7, 115.1, 113.2, 111.9, 70.2, 60.1, 56.4, 56.1, 21.6. HRMS Calculated for C29H28BrNNaO5S 
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(M+Na)+ 604.0764, found: 604.0755. HPLC (IA column, iPrOH/hexane 20/80, 1.0 mL/min, 230 

nm): t1 = 20.7 min (major), t2 = 29.9 min. 

(+)-N-((2-Bromo-4,5-dimethoxyphenyl)(naphthalen-1-yl)methyl)-4-methylbenzenesulfo

namide (3kk): White solid, unknown compound, m.p. = 183-184 oC, yield: 99%, ee: 92%, [α]20
D 

= +67.67 (c 1.12, CHCl3), Rf = 0.15 (petroleum ether/diethyl ether 1:1). 1H NMR (400 MHz, 

CDCl3) δ 8.14-8.04 (m, 1H), 7.89-7.80 (m, 1H), 7.73 (d, J = 8.2 Hz, 1H), 

7.56-7.43 (m, 4H), 7.25-7.18 (m, 1H), 7.06 (d, J = 8.1 Hz, 2H), 7.00 (d, 

J = 7.1 Hz, 1H), 6.92 (s, 1H), 6.78 (s, 1H), 6.68 (d, J = 6.2 Hz, 1H), 5.33 

(d, J = 6.2 Hz, 1H), 3.82 (s, 3H), 3.61 (s, 3H), 2.36 (s, 3H). 13C NMR 

(100 MHz, CDCl3) δ 149.1, 148.4, 143.6, 137.3, 135.1, 134.2, 131.1, 130.7, 129.5, 129.2, 129.0, 

127.5, 127.1, 126.3, 126.2, 125.2, 123.4, 115.8, 113.6, 112.5, 57.4, 56.4, 56.0, 21.6. HRMS 

Calculated for C28H23BrNNaO4S (M+Na)+ 548.0502, found: 548.0490. HPLC (OD-H column, 
iPrOH/hexane 30/70, 0.70 mL/min, 230 nm): t1 = 10.8 min (major), t2 = 21.2 min. 

(S)-N-((4-Methoxyphenyl)(p-tolyl)methyl)-4-methylbenzenesulfonamide (3db): White 

solid, known compound,[3] m.p. = 118-119 oC, yield: 87%, ee: 90%, [α]20
D = -5.74 (c 0.94, CHCl3) 

[lit.[3]: []20
D = -7.9 (c 0.96, CHCl3) for 95% ee], Rf = 0.35 (petroleum 

ether/diethyl ether 1:1). 1H NMR (400 MHz, CDCl3) δ 7.55 (d, J = 8.3 

Hz, 2H), 7.13 (d, J = 8.1 Hz, 2H), 7.07-6.91 (m, 6H), 6.78-6.65 (m, 2H), 

5.47 (d, J = 6.9 Hz, 1H), 5.05 (d, J = 6.9 Hz, 1H), 3.74 (s, 3H), 2.38 (s, 

3H), 2.27 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 159.2, 143.3, 138.1, 137.7, 137.4, 133.2, 129.5, 

129.4, 128.8, 127.5, 127.4, 114.1, 60.8, 55.5, 21.7, 21.2. HPLC (OD-H column, iPrOH/hexane 

20/80, 0.70 mL/min, 230 nm): t1 = 15.5 min (major), t2 = 17.4 min. 

(R)-N-((2-Methoxyphenyl)(4-methoxyphenyl)methyl)-4-methylbenzenesulfonamide 

(3dg): White solid, known compound,[4] m.p. = 134-135 oC, yield: 77%, ee: 90%, [α]20
D = 

+104.87 (c 0.80, CHCl3) [lit.
[4]: []20

D = -14.9 (c 1.00, CHCl3) for 99% ee 

(S)], Rf = 0.35 (petroleum ether/diethyl ether 1:1). 1H NMR (400 MHz, 

CDCl3) δ 7.50 (d, J = 8.2 Hz, 2H), 7.21-7.01 (m, 5H), 6.97 (dd, J = 7.4, 

1.3 Hz, 1H), 6.82-6.70 (m, 3H), 6.67 (d, J = 8.2 Hz, 1H), 5.75 (d, J = 8.9 

Hz, 1H), 5.62 (d, J = 8.9 Hz, 1H), 3.74 (s, 3H), 3.60 (s, 3H), 2.32 (s, 3H). 13C NMR (100 MHz, 

CDCl3) δ 158.9, 156.6, 142.9, 137.8, 133.0, 129.6, 129.2, 129.0, 128.3, 128.1, 127.2, 120.8, 113.7, 

111.3, 58.7, 55.5, 55.4, 21.6. HPLC (OD-H column, iPrOH/hexane 20/80, 0.70 mL/min, 230 nm): 

t1 = 12.4 min (major), t2 = 19.7 min. 

(-)-N-((3,4-Dimethoxyphenyl)(p-tolyl)methyl)-4-methylbenzenesulfonamide (3hb): Yield: 

98%, colorless oil, unknown compound, ee: 90%, [α]20
D = -8.02 (c 0.91, CHCl3), Rf = 0.15 

(petroleum ether/diethyl ether 1:1). 1H NMR (400 MHz, CDCl3) δ 7.55 

(d, J = 8.3 Hz, 2H), 7.12 (d, J = 8.1 Hz, 2H), 7.07-6.94 (m, 4H), 

6.70-6.64 (d, J = 8.9 Hz, 1H), 6.62-6.54 (m, 2H), 5.48 (d, J = 7.1 Hz, 

1H), 5.24 (d, J = 7.1 Hz, 1H), 3.81 (s, 3H), 3.69 (s, 3H), 2.37 (s, 3H), 

2.28 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 149.1, 148.6, 143.3, 138.0, 137.8, 137.5, 133.5, 129.5, 

129.4, 127.4, 127.4, 120.0, 111.2, 110.7, 61.1, 56.1, 55.9, 21.6, 21.2. HRMS Calculated for 

C23H25NNaO4S (M+Na)+ 434.1397, found: 434.1392. HPLC (IA column, iPrOH/hexane 10/90, 

1.0 mL/min, 230 nm): t1 = 27.4 min (major), t2 = 34.4 min. 
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(+)-N-((3,4-Dimethoxyphenyl)(2-methoxyphenyl)methyl)-4-methylbenzenesulfonamide  

(3hg): Colorless oil, unknown compound, yield: 80%, ee: 90%, [α]20
D = +6.02 (c 0.93, CHCl3), Rf 

= 0.15 (petroleum ether/diethyl ether 1:1). 1H NMR (400 MHz, CDCl3) δ 

7.52 (d, J = 8.2 Hz, 2H), 7.20-7.10 (m, 1H), 7.05 (d, J = 8.1 Hz, 2H), 6.99 

(dd, J = 7.5, 1.6 Hz, 1H), 6.84-6.74 (m, 2H), 6.72-6.62 (m, 2H), 6.58 (dd, 

J = 8.4, 1.8 Hz, 1H), 5.84 (d, J = 9.0 Hz, 1H), 5.63 (d, J = 9.0 Hz, 1H), 

3.80 (s, 3H), 3.74 (s, 3H), 3.62 (s, 3H), 2.32 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 156.5, 148.9, 

148.3, 142.9, 137.8, 133.4, 129.6, 129.2, 129.1, 128.0, 127.2, 120.8, 119.3, 111.2, 110.9, 110.6, 

58.8, 56.0, 55.9, 55.4, 21.6. HRMS Calculated for C23H25NNaO4S (M+Na)+ 450.1346, found: 

450.1347. HPLC (IA column, iPrOH/hexane 20/80, 1.0 mL/min, 230 nm): t1 = 16.2 min (major), t2 

= 20.8 min. 

(+)-4-Methyl-N-(p-tolyl(3,4,5-trimethoxyphenyl)methyl)benzenesulfonamide (3jb): 

White solid, unknown compound, m.p. = 103-104 oC, yield: 99%, ee: 92%, [α]20
D = +1.94 (c 0.98, 

CHCl3), Rf = 0.10 (petroleum ether/diethyl ether 1:1). 1H NMR (400 

MHz, CDCl3) δ 7.55 (d, J = 8.3 Hz, 2H), 7.11 (d, J = 8.1 Hz, 2H), 7.02 (s, 

4H), 6.27 (s, 2H), 5.51 (d, J = 7.4 Hz, 1H), 5.47 (d, J = 7.4 Hz, 1H), 3.77 

(s, 3H), 3.66 (s, 6H), 2.36 (s, 3H), 2.28 (s, 3H). 13C NMR (100 MHz, 

CDCl3) δ 153.3, 143.3, 137.8, 137.8, 137.6, 137.4, 136.3, 129.4, 127.4, 127.4, 104.7, 61.5, 60.9, 

56.1, 21.6, 21.2. HRMS Calculated for C24H27NNaO5S (M+Na)+ 464.1502, found: 464.1501. 

HPLC (OD-H column, iPrOH/hexane 20/80, 0.7 mL/min, 230 nm): t1 = 13.6 min, t2 = 21.6 min 

(major). 

(+)-N-((2-Methoxyphenyl)(3,4,5-trimethoxyphenyl)methyl)-4-methylbenzenesulfonamid

e (3jg): Colorless oil, unknown compound, yield: 99%, ee: 90%, [α]20
D = +8.79 (c 0.91, CHCl3), 

Rf = 0.10 (petroleum ether/diethyl ether 1:1). 1H NMR (400 MHz, CDCl3) 

δ 7.53 (d, J = 8.3 Hz, 2H), 7.20-7.10 (m, 1H), 7.06 (d, J = 8.0 Hz, 2H), 

7.00 (dd, J = 7.5, 1.6 Hz, 1H), 6.85-6.75 (m, 1H), 6.70 (d, J = 8.2 Hz, 1H), 

6.39 (s, 2H), 5.90 (d, J = 8.9 Hz, 1H), 5.64 (d, J = 8.9 Hz, 1H), 3.78 (s, 

3H), 3.68 (s, 6H), 3.65 (s, 3H), 2.32 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 156.5, 153.1, 143.0, 

137.8, 137.2, 136.4, 129.5, 129.2, 127.9, 127.2, 120.9, 111.2, 104.4, 60.9, 59.0, 56.1, 55.5, 21.6. 

HRMS Calculated for C24H27NNaO6S (M+Na)+ 480.1451, found: 480.1442. HPLC (IA column, 
iPrOH/hexane 20/80, 1.0 mL/min, 230 nm): t1 = 15.9 min (major), t2 = 36.0 min. 
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5. Copy of NMR, HRMS and HPLC for racemic and chiral compounds 
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HN

3da 1H NMR (400 MHz, CDCl3)

Ts



 S20

 

HN

3da 13C NMR (100 MHz, CDCl3)

Ts
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MeO

HN

3ea 1H NMR (400 MHz, CDCl3)

Ts
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MeO

HN

3ea 13C NMR (100 MHz, CDCl3)

Ts
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HN

3fa 1H NMR (400 MHz, CDCl3)

Ts
OH
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HN

3fa 13C NMR (100 MHz, CDCl3)

Ts
OH
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HN

3ga 1H NMR (400 MHz, CDCl3)

Ts
MeO



 S26

 

HN

3ga 13C NMR (100 MHz, CDCl3)

Ts
MeO
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HN

3ha 1H NMR (400 MHz, CDCl3)

Ts

MeO

MeO
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HN

3ha 13C NMR (100 MHz, CDCl3)

Ts

MeO

MeO
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HN

3ia 1H NMR (400 MHz, CDCl3)

Ts

MeO

OMe
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HN

3ia 13C NMR (100 MHz, CDCl3)

Ts

MeO

OMe
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HN

3ja 1H NMR (400 MHz, CDCl3)

Ts

MeO

MeO

OMe
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HN

3ja 13C NMR (100 MHz, CDCl3)

Ts

MeO

MeO

OMe
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HN

3ka 1H NMR (400 MHz, CDCl3)

Ts

MeO

MeO Br
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HN

3ka 13C NMR (100 MHz, CDCl3)

Ts

MeO

MeO Br
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3la 1H NMR (400 MHz, CDCl3)

Ts
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HN

3la 13C NMR (100 MHz, CDCl3)

Ts
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HN

3kb 1H NMR (400 MHz, CDCl3)

Ts

MeO

MeO Br
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HN

3kb 13C NMR (100 MHz, CDCl3)

Ts

MeO

MeO Br
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HN

3kc 1H NMR (400 MHz, CDCl3)

Ts

MeO

MeO Br
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HN

3kc 13C NMR (100 MHz, CDCl3)

Ts

MeO

MeO Br
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3kd 1H NMR (400 MHz, CDCl3)

Ts

MeO

MeO Br
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HN

3kd 13C NMR (100 MHz, CDCl3)

Ts

MeO

MeO Br
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HN

3ke 1H NMR (400 MHz, CDCl3)

Ts

MeO

MeO Br OMe
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HN

3ke 13C NMR (100 MHz, CDCl3)

Ts

MeO

MeO Br OMe
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HN

3kf 1H NMR (400 MHz, CDCl3)

Ts

MeO

MeO Br

OMe
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HN

3kf 13C NMR (100 MHz, CDCl3)

Ts

MeO

MeO Br

OMe
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3kg 1H NMR (400 MHz, CDCl3)

Ts

MeO

MeO Br

OMe
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3kg 13C NMR (100 MHz, CDCl3)

Ts

MeO

MeO Br

OMe
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3kh 1H NMR (400 MHz, DMSO-d6)

Ts

MeO

MeO Br F
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3kh 13C NMR (100 MHz, DMSO-d6)

Ts

MeO

MeO Br F
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3kh 19F NMR (376 MHz, DMSO-d6)

Ts

MeO

MeO Br F
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3ki 1H NMR (400 MHz, CDCl3)

Ts

MeO

MeO Br Br
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HN

3ki 13C NMR (100 MHz, CDCl3)

Ts

MeO

MeO Br Br
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HN

3kj 1H NMR (400 MHz, CDCl3)

Ts

MeO

MeO Br OBn
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HN

3kj 13C NMR (100 MHz, CDCl3)

Ts

MeO

MeO Br OBn
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HN

3kk 1H NMR (400 MHz, CDCl3)

Ts

MeO

MeO Br
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HN

3kk 13C NMR (100 MHz, CDCl3)

Ts

MeO

MeO Br
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3db 1H NMR (400 MHz, CDCl3)

Ts

MeO
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3db 13C NMR (100 MHz, CDCl3)

Ts

MeO
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3dg 1H NMR (400 MHz, CDCl3)

Ts

MeO

OMe



 S61

 

HN

3dg 13C NMR (100 MHz, CDCl3)

Ts

MeO

OMe
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3hb 1H NMR (400 MHz, CDCl3)

Ts

MeO

MeO
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3hb 13C NMR (100 MHz, CDCl3)

Ts

MeO

MeO
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3hg 1H NMR (400 MHz, CDCl3)

Ts

MeO

OMe

MeO
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3hg 13C NMR (100 MHz, CDCl3)

Ts

MeO

OMe

MeO
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3jb 1H NMR (400 MHz, CDCl3)

Ts

MeO

MeO
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3hb 13C NMR (100 MHz, CDCl3)

Ts

MeO

MeO

OMe
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3jg 1H NMR (400 MHz, CDCl3)

Ts

MeO

OMe

MeO

OMe
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3jg 13C NMR (100 MHz, CDCl3)

Ts

MeO
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MeO
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