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1. General data 

Solvents for reactions were dried appropriately before use: toluene, THF and dioxane were 

dried by refluxing with sodium and benzophenone as indicator. 2,2,2-Trifluoroethanol (TFE) was 

purchased from Energy Chemical. All other reagents were directly used as purchased from 

Adamas-beta
®
 or Energy Chemical. 

1
H NMR and 

13
C NMR spectra were recorded on Bruker 

Avance 600 MHz or 400 MHz spectrometer. Chemical shifts (δ) are reported in ppm from 

tetramethylsilane (TMS) with the solvent resonance as the internal standard. Proton signal 

multiplicities are given as s (singlet), d (doublet), t (triplet), q (quartet), m (multiplet), br (broad) 

or a combination of them. J-values are in Hz. HRMS (ESI-Q-TOF) spectra were recorded on 

Bruker Impact-II mass spectrometer. Enantiomer ratios were determined by HPLC (Chiralpak 

AD-H, IA-H, AS-H, OJ-H columns were purchased from Daicel Chemical Industries, LTD). 

Optical rotations were determined at λ = 589 nm (sodium D line) by using a Rudolph-API 

automatic polarimeter. The arylboronic acid derived from estrone
[1]

 and
 
ezetimibe,

[2]
 chiral lignds

[3]
 

and 3,3-dimethyl-2-oxobutanal hydrate
[4] 

were prepared according to the literature, the other 

arylboronic acids and arylglyoxals were directly used as purchased. 

2. Preparation of substrates 

2.1 Preparation of Substrates 1a-1l 

 

Arylglyoxal (10 mmol), 2,4,6-trimethylbenzenesulfonamide (1.99 g, 10 mmol) and tetraethyl 

orthosilicate (4.92 ml, 22 mmol) were added to a sealed tube. The reaction mixture was stirred at 

100 ºC and monitored by TLC. After the reaction was completed, the solvent was removed by 

rotary evaporation, and the residue was purified by flash chromatography column on silica gel 

(eluent: petroleum ether/ethyl acetate = 10/1). 

N-(1-ethoxy-2-oxo-2-phenylethyl)-2,4,6-trimethylbenzenesulfonamide (1a): 

Pale yellow solid; m.p. = 78-82 
o
C; Rf = 0.43 (petroleum ether/ethyl acetate = 

5:1); 
1
H NMR (600 MHz, CDCl3) δ7.97 (d, J = 7.3 Hz, 2H), 7.60 (t, J = 7.4 

Hz, 1H), 7.46 (t, J = 7.7 Hz, 2H), 6.91 (s, 2H), 6.39 (d, J = 7.3 Hz, 1H), 5.87 (d, J = 7.7 Hz, 1H), 

3.43 (q, J = 7.0 Hz, 2H), 2.69 (s, 6H), 2.25 (s, 3H), 0.93 (t, J = 7.0 Hz, 3H); 
13

C NMR (151 MHz, 
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CDCl3) δ 191.74, 142.35, 138.64, 134.99, 134.40, 133.16, 131.91, 129.36, 128.75, 81.38, 62.00, 

22.92, 20.87, 14.60; HRMS(ESI): calcd. For C19H23NNaO4S(M+Na)
+
: 384.1240, found: 

384.1238. 

N-(1-ethoxy-2-(3-methoxyphenyl)-2-oxoethyl)-2,4,6-trimethylbenzenesulfonamide (1b): 

Colorless oil; Rf  = 0.57 (petroleum ether/ethyl acetate = 3:1); 
1
H NMR (600 

MHz, CDCl3) δ 7.61 – 7.51 (m, 1H), 7.47 (dd, J = 2.4, 1.6 Hz, 1H), 7.36 (t, J 

= 8.0 Hz, 1H), 7.14 (ddd, J = 8.2, 2.6, 0.7 Hz, 1H), 6.91 (s, 2H), 6.39 (d, J = 

7.8 Hz, 1H), 5.83 (d, J = 7.8 Hz, 1H), 3.83 (s, 3H), 3.44 (qd, J = 6.9, 0.4 Hz, 1H), 2.68 (s, 6H), 

2.25 (s, 3H), 0.94 (t, J = 7.0 Hz, 3H); 
13

C NMR (151 MHz, CDCl3) δ 191.63, 159.85, 142.38, 

138.64, 134.98, 134.47, 131.93, 129.77, 121.96, 120.98, 113.46, 81.47, 62.15, 55.48, 22.92, 20.87, 

14.62; HRMS(ESI): calcd. for C20H25NNaO5S(M+Na)
+
: 414.1346, found: 414.1344. 

N-(2-(3-bromophenyl)-1-ethoxy-2-oxoethyl)-2,4,6-trimethylbenzenesulfonamide (1c): 

Pale yellow solid; m.p. = 81-84.0 
o
C; Rf = 0.50 (petroleum ether/ethyl acetate = 

5:1); 
1
H NMR (600 MHz, CDCl3) δ 8.07 (s, 1H), 7.90 (d, J = 7.8 Hz, 1H), 

7.72 (dd, J = 8.0, 0.7 Hz, 1H), 7.35 (t, J = 7.9 Hz, 1H), 6.92 (s, 2H), 6.31 (d, J 

= 7.8 Hz, 1H), 5.79 (d, J = 7.9 Hz, 1H), 3.44 (q, J = 7.0 Hz, 2H), 2.68 (s, 6H), 2.26 (s, 3H), 0.95 (t, 

J = 7.0 Hz, 3H); 
13

C NMR (151 MHz, CDCl3) δ 190.71, 142.50, 138.64, 137.19, 134.92, 134.85, 

132.22, 131.96, 130.30, 127.83, 123.04, 81.48, 62.28, 22.91, 20.89, 14.60; HRMS(ESI): calcd. 

for C19H22BrNNaO4S(M+Na)
+
: 462.0345, found: 462.0342. 

N-(1-ethoxy-2-oxo-2-(p-tolyl)ethyl)-2,4,6-trimethylbenzenesulfonamide (1d): 

Pale yellow solid; m.p. = 99-102 
o
C; Rf = 0.44 (petroleum ether/ethyl acetate 

= 5:1); 
1
H NMR (600 MHz, CDCl3) δ 7.88 (d, J = 8.1 Hz, 2H), 7.25 (d, J = 

6.9 Hz, 2H), 6.91 (s, 2H), 6.41 (d, J = 7.5 Hz, 1H), 5.85 (d, J = 7.5 Hz, 1H), 

3.45 – 3.35 (m, 2H), 2.68 (s, 6H), 2.41 (s, 3H), 2.25 (s, 3H), 0.91 (t, J = 7.0 Hz, 3H); 
13

C NMR 

(151 MHz, CDCl3) δ 191.29, 145.61, 142.28, 138.64, 135.05, 131.89, 130.66, 129.51, 129.46, 

81.31, 61.77, 22.92, 21.81, 20.87, 14.60; HRMS(ESI): calcd. for C20H25NNaO4S(M+Na)
+
: 

398.1397, found: 398.1395. 

N-(2-(4-cyclohexylphenyl)-1-ethoxy-2-oxoethyl)-2,4,6-trimethylbenzenesulfonamide (1e): 
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Yellow solid; m.p. = 85-87 
o
C; Rf = 0.52 (petroleum ether/ ethyl acetate = 

5:1); 
1
H NMR (600 MHz, CDCl3) δ 7.90 (d, J = 8.2 Hz, 2H), 7.29 (d, J = 

8.2 Hz, 2H), 6.90 (s, 2H), 6.41 (d, J = 7.6 Hz, 1H), 5.84 (d, J = 7.6 Hz, 1H), 

3.43 (q, J = 7.0 Hz, 2H), 2.68 (s, 6H), 2.59-2.51 (m, 1H), 2.25 (s, 3H), 1.92 – 1.82 (m, 4H), 1.80 – 

1.72 (m, 1H), 1.46 – 1.35 (m, 4H), 1.28 – 1.21 (m, 1H), 0.93 (t, J = 7.0 Hz, 3H); 
13

C NMR (151 

MHz, CDCl3) δ 191.26, 155.41, 142.28, 138.65, 135.06, 131.91, 130.94, 129.64, 127.28, 81.31, 

61.86, 44.83, 33.99, 26.66, 25.98, 22.92, 20.87, 14.62; HRMS(ESI): calcd. for 

C25H33NNaO4S(M+Na)
+
: 466.2023, found:466.2021. 

N-(1-ethoxy-2-(4-methoxyphenyl)-2-oxoethyl)-2,4,6-trimethylbenzenesulfonamide (1f): 

Yellow solid; m.p. = 83-85 
o
C; Rf = 0.43 (petroleum ether/ ethyl acetate = 

3:1); 
1
H NMR (600 MHz, CDCl3) δ 7.97 (d, J = 8.9 Hz, 2H), 6.92 (d, J = 

8.9 Hz, 2H), 6.91 (s, 2H), 6.45 (d, J = 7.3 Hz, 1H), 5.85 (d, J = 7.4 Hz, 

1H), 3.87 (s, 3H), 3.47 – 3.29 (m, 2H), 2.69 (s, 6H), 2.25 (s, 3H), 0.90 (t, J = 7.0 Hz, 3H); 
13

C 

NMR (151 MHz, CDCl3) δ 190.13, 164.59, 142.26, 138.66, 135.09, 132.08, 131.89, 126.08, 

114.03, 81.23, 61.50, 55.58, 22.92, 20.87, 14.60; HRMS(ESI): calcd. for C20H25NNaO5S(M+Na)
+
:
 

414.1346, found: 414.1343. 

N-(1-ethoxy-2-(4-ethoxyphenyl)-2-oxoethyl)-2,4,6-trimethylbenzenesulfonamide (1g): 

Yellow solid; m.p. = 86-88 
o
C; Rf = 0.50 (petroleum ether/ ethyl acetate = 

3:1); 
1
H NMR (600 MHz, CDCl3) δ 7.96 (d, J = 8.9 Hz, 2H), 6.97-6.85 

( m, 4H), 6.46 (d, J = 7.3 Hz, 1H), 5.85 (d, J = 7.4 Hz, 1H), 4.15 – 4.04 (m, 

2H), 3.43 – 3.31 (m, 2H), 2.69 (s, 6H), 2.25 (s, 3H), 1.44 (t, J = 7.0 Hz, 3H), 0.90 (t, J = 7.0 Hz, 

3H); 
13

C NMR (151 MHz, CDCl3) δ 190.09, 164.04, 142.25, 138.66, 135.10, 131.90, 131.88, 

125.86, 114.44, 81.21, 63.94, 61.46, 22.92, 20.87, 14.60; HRMS(ESI): calcd. for 

C21H27NNaO5S(M+Na)
+
: 428.1502, found: 428.1500. 

N-(1-ethoxy-2-(4-fluorophenyl)-2-oxoethyl)-2,4,6-trimethylbenzenesulfonamide (1h): 

Pale yellow solid; m.p. = 65-68 
o
C; Rf = 0.63 (petroleum ether/ethyl acetate 

= 5:1); 
1
H NMR (600 MHz, CDCl3) δ 8.06-8.00 (m, 2H), 7.13 (t, J = 8.5 

Hz, 2H), 6.92 (s, 2H), 6.37 (d, J = 7.5 Hz, 1H), 5.84 (d, J = 7.6 Hz, 1H), 

3.46 – 3.33 (m, 2H), 2.68 (s, 6H), 2.26 (s, 3H), 0.92 (t, J = 7.0 Hz, 3H); 
13

C NMR (151 MHz, 

CDCl3) δ 190.29, 167.30, 165.60, 142.41, 138.66, 134.94, 132.26, 132.19, 131.92, 129.58, 116.12, 
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115.97, 81.41, 61.87, 22.91, 20.87, 14.57; HRMS(ESI): calcd. for C19H22FNNaO4S(M+Na)
+
: 

402.1146, found: 402.1142. 

N-(2-(4-chlorophenyl)-1-ethoxy-2-oxoethyl)-2,4,6-trimethylbenzenesulfonamide (1i): 

Pale yellow solid; m.p. = 96-99 
o
C; Rf = 0.44 (petroleum ether/ethyl acetate 

= 5:1); 
1
H NMR (600 MHz, CDCl3) δ 7.92 (d, J = 8.6 Hz, 2H), 7.43 (d, J = 

8.6 Hz, 2H), 6.92 (s, 2H), 6.35 (d, J = 7.6 Hz, 1H), 5.83 (d, J = 7.7 Hz, 1H), 

3.48 – 3.29 (m, 2H), 2.68 (s, 6H), 2.26 (s, 3H), 0.92 (t, J = 7.0 Hz, 3H); 
13

C NMR (151 MHz, 

CDCl3) δ 190.76, 142.45, 141.05, 138.65, 134.90, 131.93, 131.49, 130.75, 129.15, 81.43, 61.99, 

22.91, 20.88, 14.58; HRMS(ESI): calcd. for C19H22ClNNaO4S(M+Na)
+
:
 

418.0850, found: 

418.0849. 

N-(1-ethoxy-2-oxo-2-(4-(piperidin-1-yl)phenyl)ethyl)-2,4,6-trimethylbenzenesulfonamide 

(1j): 

Orange solid; m.p. = 51-53 
o
C; Rf  = 0.57 (petroleum ether/ ethyl acetate 

= 3:1); 
1
H NMR (600 MHz, CDCl3) δ 7.87 (d, J = 9.1 Hz, 2H), 6.90 (s, 

2H), 6.79 (d, J = 9.1 Hz, 2H), 6.56 (d, J = 7.1 Hz, 1H), 5.82 (d, J = 7.1 

Hz, 1H), 3.42 – 3.32 (m, 6H), 2.69 (s, 6H), 2.25 (s, 3H), 1.68-1.65 (m, 6H), 0.89 (t, J = 7.0 Hz, 

3H); 
13

C NMR (151 MHz, CDCl3) δ 188.91, 154.85, 142.06, 138.63, 135.24, 131.89, 131.83, 

121.56, 112.67, 81.01, 61.03, 48.16, 25.32, 24.34, 22.92, 20.86, 14.63; HRMS(ESI): calcd. for 

C24H32N2NaO4S(M+Na)
+
: 467.1975, found: 467.1974. 

N-(2-(3,4-diethoxyphenyl)-1-ethoxy-2-oxoethyl)-2,4,6-trimethylbenzenesulfonamide (1k): 

Yellow solid; m.p. = 98-101 
o
C; Rf = 0.43 (petroleum ether/ethyl acetate = 

3:1); 
1
H NMR (600 MHz, CDCl3) δ 7.62 (s, 1H), 7.49 (d, J = 2.2 Hz, 1H), 

6.91 (s, 2H), 6.87 (d, J = 7.8 Hz, 1H), 6.44 (d, J = 6.4 Hz, 1H), 5.84 (s, 1H), 

4.18 – 4.14 (m, 2H), 4.13 – 4.05 (m, 2H), 3.46 – 3.33 (m, 2H), 2.69 (s, 6H), 2.25 (s, 3H), 1.50 – 1.43 

(m, 6H), 0.92 (t, J = 8.7 Hz, 3H); 
13

C NMR (151 MHz, CDCl3) δ 190.20, 154.38, 148.59, 142.25, 

138.64, 135.12, 131.89, 125.92, 124.55, 113.11, 111.45, 81.19, 64.69, 64.64, 61.58, 22.92, 20.87, 

14.63, 14.56; HRMS(ESI): calcd. for C23H31NNaO6S(M+Na)
+
: 472.1764, found: 472.1761. 

N-(1-ethoxy-3,3-dimethyl-2-oxobutyl)-2,4,6-trimethylbenzenesulfonamide (1l): 
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White solid; m.p. = 58-60 
o
C ;Rf = 0.64 (petroleum ether/ ethyl acetate = 5:1); 

1
H NMR (600 MHz, CDCl3) δ 6.92 (s, 2H), 6.14 (d, J = 9.1 Hz, 1H), 5.16 (d, J 

= 9.2 Hz, 1H), 3.73 – 3.66 (m, 1H), 3.51 – 3.41 (m, 1H), 2.64 (s, 6H), 2.27 (s, 3H), 1.09 (t, J = 7.0 

Hz, 3H), 0.99 (s, 9H); 
13

C NMR (151 MHz, CDCl3) δ 206.50, 142.43, 138.54, 134.82, 131.93, 

79.90, 63.68, 42.79, 26.06, 22.81, 20.84, 14.68; HRMS(ESI): calcd. for C17H27NNaO4S(M+Na)
+
: 

364.1553, found: 364.1555. 

2.2 Preparation of Substrates 1aa-1ac 

 

Phenylglyoxal (1.52 g, 10 mmol), sulfonamide (10 mmol) and tetraethyl orthosilicate (4.92 

ml, 22 mmol) were added to a sealed tube. The reaction mixture was stirred at 120 ºC and 

monitored by TLC. After the reaction was completed, the solid was removed by filtration, and the 

corresponding product was obtained by recrystallization and purification with petroleum ether and 

CH2Cl2. 

N-(1-ethoxy-2-oxo-2-phenylethyl)-4-methylbenzenesulfonamide (1aa): 

White solid; m.p. = 96-99 
o
C; Rf = 0.50 (petroleum ether/ethyl acetate = 3:1); 

1
H 

NMR (600 MHz, CDCl3) δ 7.97 (d, J = 7.5 Hz, 2H), 7.76 (d, J = 8.2 Hz, 2H), 7.61 

(t, J = 7.4 Hz, 1H), 7.47 (t, J = 7.8 Hz, 2H), 7.24 (d, J = 8.1 Hz, 2H), 6.30 (d, J = 6.1 Hz, 1H), 

5.89 (d, J = 6.4 Hz, 1H), 3.56 – 3.50 (m, 2H), 2.37 (s, 3H), 1.02 (t, J = 7.0 Hz, 3H); 
13

C NMR 

(151 MHz, CDCl3) δ 191.44, 143.65, 138.04, 134.45, 133.16, 129.66, 129.43, 128.78, 126.85, 

81.73, 62.21, 21.48, 14.68; HRMS(ESI): calcd. for C17H19NNaO4S(M+Na)
+
: 356.0927, found: 

356.0930. 

N-(1-ethoxy-2-oxo-2-phenylethyl)benzenesulfonamide (1ab): 

White solid; m.p. = 92-94 
o
C; Rf = 0.43 (petroleum ether/ethyl acetate = 3:1); 

1
H 

NMR (600 MHz, CDCl3) δ 8.01 – 7.95 (m, 2H), 7.92 – 7.86 (m, 2H), 7.61 (t, J 

= 7.4 Hz, 1H), 7.53 (t, J = 7.4 Hz, 1H), 7.49-7.44 (m, 4H), 6.33 (d, J = 8.0 Hz, 

1H), 5.93 (d, J = 8.1 Hz, 1H), 3.59 – 3.42 (m, 2H), 0.99 (t, J = 7.0 Hz, 3H); 
13

C NMR (151 MHz, 

CDCl3) δ 191.35, 140.99, 134.49, 133.10, 132.80, 129.40, 129.06, 128.80, 126.80, 81.72, 62.09, 

14.64; HRMS(ESI): calcd. for C16H17NNaO4S(M+Na)
+ 

: 342.0770, found: 342.0771. 
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N-(1-ethoxy-2-oxo-2-phenylethyl)-4-methoxybenzenesulfonamide (1ac): 

White solid; m.p. = 100-103 
o
C; Rf = 0.33 (petroleum ether/ ethyl acetate = 

3:1); 
1
H NMR (600 MHz, CDCl3) δ 7.98 (d, J = 7.4 Hz, 2H), 7.81 (d, J = 

8.9 Hz, 2H), 7.61 (t, J = 7.4 Hz, 1H), 7.47 (t, J = 7.8 Hz, 2H), 6.91 (d, J = 

8.9 Hz, 2H), 6.26 (d, J = 8.1 Hz, 1H), 5.88 (d, J = 8.2 Hz, 1H), 3.82 (s, 3H), 3.60 – 3.48 (m, 2H), 

1.04 (t, J = 7.0 Hz, 3H); 
13

C NMR (151 MHz, CDCl3) δ 191.49, 162.97, 134.43, 133.16, 132.61, 

129.42, 128.99, 128.77, 114.20, 81.74, 62.19, 55.59, 14.73; HRMS(ESI): calcd. for 

C17H19NNaO5S(M+Na)
+
:
 
372.0876, found: 372.0879. 

3. Reaction conditions optimization 

Table S1: Solvent screening 

 

entry solvent yield (%)
b
 ee (%)

c
 

1 TFE 26 89 

2 HFIP 39 84 

3 THF n.d n.d. 

4 DCE 18 87 

5 Toluene 4 28 

6 PhCl 16 88 

7 Dioxane n.d. n.d. 

a Unless noted otherwise, reaction conditions: 1aa (0.10 mmol), 2a (0.15 mmol), Pd(TFA)2 (10 mol%) and ligand 

(12 mol%) in TFE (0.5 mL), carried out in air at 40 oC. b Isolated yield. c Determined by chiral HPLC analysis. n.d. 

= not determined. 

Table S2: Palladium catalyst screening 

 

entry Pd time (h) yield (%)
b
 ee (%)

c
 

1 Pd(TFA)2 23 52 88 

2 PdCl2 23 n.d. n.d. 
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3 Pd (CH3CN)2Cl2 23 n.d. n.d. 

4 Pd(PPh3)2Cl2 23 n.d. n.d. 

5 [Pd(C3H5)Cl]2 
d
 23 n.d. n.d 

6 Pd(CH3CN)4(OTf)2 22 31 87 

7 
((S)-2,2'-Bis(diphenylphosphino)-1,1'-

binaphthyl)dichloropalladium 
23 n.d. n.d. 

a Unless noted otherwise, reaction conditions: 1aa (0.10 mmol), 2a (0.15 mmol), Pd(TFA)2 (10 mol%) and L4 (12 

mol%) in TFE (0.5 mL), carried out in air at 40 oC. b Isolated yield. c Determined by chiral HPLC analysis. d Using 

5 mol% of [Pd(C3H5)Cl]2. n.d. = not determined. 

Table S3: Additives screening 

 

entry additive time (h) yield (%) 
b
 ee (%) 

c
 

1 3ÅMS (50 mg) 17 53 88 

2 4ÅMS (50 mg) 19 50 86 

3 5ÅMS (50 mg) 16 41 84 

4 Na2SO4 (50 mg) 16 56 88 

5 CaH2 (50 mg) 17 n.d. n.d. 

6 Na2CO3 (0.1eq) 24 n.d. n.d. 

7 NaHCO3 (0.1eq) 24 27 83 

8 PhCOOH (0.1eq) 5 33 90 

a Unless noted otherwise, reaction conditions: 1aa (0.10 mmol), 2a (0.15 mmol), Pd(TFA)2 (10 mol%) and L7 (12 

mol%) in TFE (0.5 mL), carried out in air at 40 oC. b Isolated yield. c Determined by chiral HPLC analysis. n.d. = 

not determined. 

4. General procedure for the catalytic asymmetric reaction 

 

A dry and clean tube was charged with α-keto imine precursor 1a (72.2 mg, 0.2 mmol), 
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phenylboronic acid 2a (36.6 mg, 0.3 mmol), Pd(TFA)2 (6.6 mg, 0.02 mmol) and chiral ligand L10 

(6.4 mg, 0.024 mmol). After the addition of TFE (1.0 mL), the reaction mixture was stirred at 

room temperature for 10 minutes. Then, the reaction mixture was stirred at 40ºC in air for the 

indicated reaction time and monitored by TLC. After the reaction was completed, the solvent was 

removed by rotary evaporation, and the residue was purified by flash chromatography column on 

silica gel (eluent: petroleum ether/ethyl acetate =10/1) to give the corresponding product 3a. 

(S)-2,4,6-trimethyl-N-(2-oxo-1,2-diphenylethyl)benzenesulfonamide (3a): 

Colorless oil (61.1 mg, 78%); Rf = 0.39 (petroleum ether/ethyl acetate = 5:1); 

the enantiomeric excess was determined to be 92% by HPLC analysis on 

Daicel Chirapak IA-H column (hexane/isopropanol = 90/10, flow rate 1.0 

mL/min, T = 30 
o
C), UV 254 nm, tR(major) 15.144 min, tR(minor) 12.181 min; [α]D

20 
= +121.98 

(c=0.59, CH2Cl2); 
1
H NMR (400 MHz, CDCl3) δ 7.78 (d, J = 7.8 Hz, 2H), 7.47 (t, J = 7.3 Hz, 

1H), 7.34 (t, J = 7.6 Hz, 2H), 7.18 – 7.01 (m, 5H), 6.72 (s, 2H), 6.31 (d, J = 6.8 Hz, 1H), 5.93 (d, J 

= 6.9 Hz, 1H), 2.57 (s, 6H), 2.16 (s, 3H); 
13

C NMR (151 MHz, CDCl3) δ 194.68, 142.02, 138.66, 

135.54, 134.37, 133.89, 133.85, 131.69, 128.89, 128.87, 128.66, 128.34, 127.78, 61.42, 22.82, 

20.77; HRMS(ESI): calcd. for C23H23NNaO3S(M+Na)
+
: 416.1291, found: 416.1292. 

 

     

(S)-N-(2-(3-methoxyphenyl)-2-oxo-1-phenylethyl)-2,4,6-trimethylbenzenesulfonamide (3b): 

Colorless oil (44.5 mg, 53%); Rf = 0.30 (petroleum ether/ethyl acetate = 5:1); 

the enantiomeric excess was determined to be 89% by HPLC analysis on 

Daicel Chirapak AS-H column (hexane/isopropanol = 90/10, flow rate 1.0 

mL/min, T = 30 
o
C), UV 254 nm, tR(major) 17.201 min, tR(minor) 10.052 min; [α]D

20 
= +107.48 

(c=0.38, CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 7.36 (d, J = 7.7 Hz, 1H), 7.30 (s, 1H), 7.24 (t, J 

= 8.0 Hz, 1H), 7.14-7.09 (m, 5H), 7.05 – 6.98 (m, 1H), 6.73 (s, 2H), 6.28 (d, J = 6.9 Hz, 1H), 5.90 
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(d, J = 7.1 Hz, 1H), 3.76 (s, 3H), 2.57 (s, 6H), 2.17 (s, 3H); 
13

C NMR (151 MHz, CDCl3) δ 

194.58, 159.76, 142.01, 138.69, 135.62, 135.20, 134.39, 131.68, 129.62, 128.86, 128.33, 127.74, 

121.44, 120.39, 113.20, 61.52, 55.39, 22.79, 20.74; HRMS(ESI): calcd. for 

C24H25NNaO4S(M+Na)
+
: 446.1397, found: 446.1395. 

 

     

(S)-N-(2-(3-bromophenyl)-2-oxo-1-phenylethyl)-2,4,6-trimethylbenzenesulfonamide (3c): 

Colorless oil (64.0 mg, 53%); Rf = 0.36 (petroleum ether/ethyl acetate = 5:1); 

the enantiomeric excess was determined to be 91% by HPLC analysis on 

Daicel Chirapak IA-H column (hexane/isopropanol = 90/10, flow rate 1.0 

mL/min, T = 30 
o
C), UV 254 nm, tR(major) 12.653 min, tR(minor) 11.492 min; [α]D

20 
= +90.68 

(c=0.44, CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 7.89 (s, 1H), 7.67 (d, J = 7.8 Hz, 1H), 7.61 (d, J 

= 7.2 Hz, 1H), 7.22 (t, J = 7.9 Hz, 1H), 7.17 – 7.12 (m, 3H), 7.12 – 7.08 (m, 2H), 6.74 (s, 2H), 

6.21 (d, J = 7.1 Hz, 1H), 5.86 (d, J = 7.2 Hz, 1H), 2.57 (s, 6H), 2.19 (s, 3H); 
13

C NMR (151 MHz, 

CDCl3) δ 193.70, 142.18, 138.70, 136.67, 135.66, 134.96, 134.22, 131.74, 131.71, 130.14, 129.03, 

128.58, 127.73, 127.26, 123.03, 61.47, 22.80, 20.79; HRMS(ESI): calcd. for 

C23H22BrNNaO3S(M+Na)
+
:
  

494.0396, found: 494.0393. 

 

     

(S)-2,4,6-trimethyl-N-(2-oxo-1-phenyl-2-(p-tolyl)ethyl)benzenesulfonamide (3d): 
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Yellow oil (61.9 mg, 76%); Rf = 0.36 (petroleum ether/ethyl acetate = 5:1); 

the enantiomeric excess was determined to be 91% by HPLC analysis on 

Daicel Chirapak IA-H column (hexane/isopropanol = 90/10, flow rate 1.0 

mL/min, T = 30 
o
C), UV 254 nm, tR(major) 21.124 min, tR(minor) 15.470 min; [α]D

20 
= +107.36 

(c=0.61, CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 7.69 (d, J = 8.1 Hz, 2H), 7.16 – 7.06 (m, 7H), 

6.72 (s, 2H), 6.31 (d, J = 6.7 Hz, 1H), 5.90 (d, J = 6.9 Hz, 1H), 2.57 (s, 6H), 2.32 (s, 3H), 2.17 (s, 

3H); 
13

C NMR (151 MHz, CDCl3) δ 194.15, 144.98, 141.92, 138.65, 135.86, 134.48, 131.65, 

131.34, 129.35, 129.04, 128.79, 128.21, 127.75, 61.28, 22.79, 21.65, 20.74; HRMS(ESI): calcd. 

for C24H25NNaO3S(M+Na)
+
: 430.1447, found: 430.1444. 

 

     

(S)-N-(2-(4-cyclohexylphenyl)-2-oxo-1-phenylethyl)-2,4,6-trimethylbenzenesulfonamide (3e): 

Colorless oil (75.6 mg, 80%); Rf = 0.45 (petroleum ether/ethyl acetate = 

5:1); the enantiomeric excess was determined to be 91% by HPLC analysis 

on Daicel Chirapak IA-H column (hexane/isopropanol = 90/10, flow rate 

1.0 mL/min, T = 30 
o
C), UV 254 nm, tR(major) 30.387 min, tR(minor) 23.257 min; [α]D

20 
= +74.01 

(c=0.72, CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 7.72 (d, J = 8.0 Hz, 2H), 7.16 (d, J = 8.0 Hz, 

2H), 7.14 – 7.11 (m, 2H), 7.10 (d, J = 2.4 Hz, 3H), 6.71 (s, 2H), 6.34 (d, J = 6.7 Hz, 1H), 5.90 (d, 

J = 6.9 Hz, 1H), 2.57 (s, 6H), 2.51 – 2.42 (m, 1H), 2.15 (s, 3H), 1.85 – 1.75 (m, 4H), 1.75 – 1.68 

(m, 1H), 1.38 – 1.30 (m, 4H), 1.24 – 1.15 (m, 1H); 
13

C NMR (151 MHz, CDCl3) δ 194.15, 

154.80, 141.94, 138.65, 135.86, 134.44, 131.68, 131.57, 129.17, 128.82, 128.23, 127.77, 127.17, 

61.20, 44.67, 33.94, 26.63, 25.97, 22.83, 20.78; HRMS(ESI): calcd. for C29H33FNNaO3S(M+Na)
+
: 

498.2073, found: 498.2076. 
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(S)-N-(2-(4-methoxyphenyl)-2-oxo-1-phenylethyl)-2,4,6-trimethylbenzenesulfonamide (3f): 

White solid (73.7 mg, 87%); m.p. = 79-82 
o
C; Rf = 0.24 (petroleum 

ether/ethyl acetate = 5:1); the enantiomeric excess was determined to be 

91% by HPLC analysis on Daicel Chirapak IA-H column 

(hexane/isopropanol = 90/10, flow rate 1.0 mL/min, T = 30 
o
C), UV 254 nm, tR(major) 34.598 

min, tR(minor) 23.850 min; [α]D
20 

= +87.68 (c=0.66, CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 

7.78 (d, J = 8.9 Hz, 2H), 7.15 – 7.06 (m, 5H), 6.81 (d, J = 8.9 Hz, 2H), 6.72 (s, 2H), 6.34 (d, J = 

6.9 Hz, 1H), 5.87 (d, J = 6.9 Hz, 1H), 3.79 (s, 3H), 2.57 (s, 6H), 2.17 (s, 3H); 
13

C NMR (151 

MHz, CDCl3) δ 192.91, 164.11, 141.89, 138.64, 136.12, 134.51, 131.64, 131.33, 128.78, 128.18, 

127.69, 113.97, 113.92, 61.03, 55.48, 22.79, 20.74; HRMS(ESI): calcd. for 

C24H25NNaO4S(M+Na)
+
: 446.1397, found: 446.1394. 

 

      

(S)-N-(2-(4-ethoxyphenyl)-2-oxo-1-phenylethyl)-2,4,6-trimethylbenzenesulfonamide (3g): 

Colorless oil (59.5 mg, 68%); Rf = 0.31 (petroleum ether/ethyl acetate = 

5:1); the enantiomeric excess was determined to be 92% by HPLC analysis 

on Daicel Chirapak IA-H column (hexane/isopropanol = 90/10, flow rate 

1.0 mL/min, T = 30 
o
C), UV 254 nm, tR(major) 37.667 min, tR(minor) 25.567 min; [α]D

20 
= +86.23 
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(c=0.49, CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 7.77 (d, J = 8.9 Hz, 2H), 7.21 – 6.99 (m, 5H), 

6.79 (d, J = 8.9 Hz, 2H), 6.72 (s, 2H), 6.34 (d, J = 6.9 Hz, 1H), 5.87 (d, J = 6.9 Hz, 1H), 4.02 (q, J 

= 7.0 Hz, 2H), 2.57 (s, 6H), 2.17 (s, 3H), 1.38 (t, J = 7.0 Hz, 3H); 
13

C NMR (151 MHz, CDCl3) δ 

192.89, 163.55, 141.87, 138.64, 136.16, 134.51, 131.64, 131.33, 128.77, 128.15, 127.69, 126.48, 

114.33, 63.85, 60.99, 22.79, 20.74, 14.56; HRMS(ESI): calcd. for C25H27NNaO4S(M+Na)
+
: 

460.1553, found: 460.1556. 

 

     

(S)-N-(2-(4-ethoxyphenyl)-2-oxo-1-phenylethyl)-2,4,6-trimethylbenzenesulfonamide (3h)： 

Yellow oil (48.7 mg, 59%); Rf = 0.36 (petroleum ether/ethyl acetate = 5:1); 

the enantiomeric excess was determined to be 91% by HPLC analysis on 

Daicel Chirapak IA-H column (hexane/isopropanol = 90/10, flow rate 1.0 

mL/min, T = 30 
o
C), UV 254 nm, tR(major) 15.502 min, tR(minor)13.232 min; [α]D

20 
= +114.13 

(c=0.42, CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 7.86 – 7.78 (m, 2H), 7.16-7.07(m, 5H), 7.02 (t, 

J = 8.3 Hz, 2H), 6.73 (s, 2H), 6.26 (d, J = 6.6 Hz, 1H), 5.88 (d, J = 7.0 Hz, 1H), 2.57 (s, 6H), 2.17 

(s, 3H); 
13

C NMR (151 MHz, CDCl3) δ 193.14, 166.87, 165.17, 142.05, 138.69, 135.42, 134.38, 

131.67, 131.66, 131.59, 130.28, 128.95, 128.46, 127.71, 116.00, 115.85, 61.41, 22.78, 20.75; 

HRMS(ESI): calcd. for C23H22FNNaO3S(M+Na)
+
: 434.1197, found: 434.1196. 
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(S)-N-(2-(4-chlorophenyl)-2-oxo-1-phenylethyl)-2,4,6-trimethylbenzenesulfonamide (3i)： 

Colorless oil (55.9 mg, 65%); Rf = 0.36 (petroleum ether/ethyl acetate = 

5:1); the enantiomeric excess was determined to be 91% by HPLC analysis 

on Daicel Chirapak IA-H column (hexane/isopropanol = 90/10, flow rate 

1.0 mL/min, T = 30 
o
C), UV 254 nm, tR(major) 16.276 min, tR(minor) 14.638 min; [α]D

20 
= +82.05 

(c=0.43, CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ7.73 (d, J = 8.5 Hz, 2H), 7.31 (d, J = 8.4 Hz, 

2H), 7.16 – 7.02 (m, 5H), 6.73 (s, 2H), 6.26 (d, J = 6.5 Hz, 1H), 5.88 (d, J = 7.0 Hz, 1H), 2.57 (s, 

6H), 2.17 (s, 3H); 
13

C NMR (151 MHz, CDCl3) δ 193.53, 142.08, 140.45, 138.65, 135.21, 134.32, 

132.15, 131.68, 130.24, 129.03, 128.97, 128.50, 127.71, 61.48, 22.81, 20.77; HRMS(ESI): calcd. 

for C23H22ClNNaO3S(M+Na)
+
: 450.0901, found: 450.0898. 

 

     

(S)-2,4,6-trimethyl-N-(2-oxo-1-phenyl-2-(4-(piperidin-1-yl)phenyl)ethyl)benzenesulfonamide 

(3j): 

Yellow oil (34.7 mg, 36%); Rf = 0.26 (petroleum ether/ethyl acetate = 

5:1); the enantiomeric excess was determined to be 91% by HPLC 

analysis on Daicel Chirapak IA-H column (hexane/isopropanol = 70/30, 

flow rate 1.0 mL/min, T = 30 
o
C), UV 254 nm, tR(major) 27.190 min, tR(minor) 17.349 min; [α]D

20 

= +4.75 (c=0.30, CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 7.69 (d, J = 9.0 Hz, 2H), 7.18 – 7.11 

(m, 2H), 7.10 – 7.02 (m, 3H), 6.71 (s, 2H), 6.68 (d, J = 9.0 Hz, 2H), 6.43 (d, J = 6.7 Hz, 1H), 5.82 

(d, J = 6.8 Hz, 1H), 3.33 – 3.27 (m, 4H), 2.58 (s, 6H), 2.16 (s, 3H), 1.62 – 1.55 (m, 6H); 
13

C NMR 

(151 MHz, CDCl3) δ 191.72, 154.50, 141.70, 138.59, 136.87, 134.67, 131.60, 131.36, 128.61, 

127.88, 127.67, 122.20, 112.68, 60.58, 48.13, 25.29, 24.29, 22.80, 20.7; HRMS(ESI): calcd. for 

C28H32N2NaO3S(M+Na)
+
: 499.2026, found: 499.2023. 
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(S)-N-(2-(3,4-diethoxyphenyl)-2-oxo-1-phenylethyl)-2,4,6-trimethylbenzenesulfonamide (3k): 

Colorless oil (61.2 mg, 64%); Rf = 0.21 (petroleum ether/ethyl acetate = 

5:1); the enantiomeric excess was determined to be 89% by HPLC analysis 

on Daicel Chirapak IA-H column (hexane/isopropanol = 80/20, flow rate 

1.0 mL/min, T = 30 
o
C), UV 254 nm, tR(major) 14.716 min, tR(minor) 13.545 min; [α]D

20 
= +79.33 

(c=0.48, CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 7.40 (dd, J = 8.5, 1.6 Hz, 1H), 7.33 (d, J = 1.4 

Hz, 1H), 7.20 – 7.03 (m, 5H), 6.78 – 6.70 (m, 3H), 6.32 (d, J = 6.9 Hz, 1H), 5.88 (d, J = 7.0 Hz, 

1H), 4.14 – 4.06 (m, 2H), 4.06 – 3.96 (m, 2H), 2.57 (s, 6H), 2.17 (s, 3H), 1.46 – 1.36 (m, 6H); 
13

C 

NMR (151 MHz, CDCl3) δ 193.00, 153.85, 148.49, 141.87, 138.63, 136.32, 134.53, 131.64, 

128.77, 128.16, 127.65, 126.55, 123.83, 112.93, 111.38, 64.59, 64.55, 60.98, 22.80, 20.74, 14.60, 

14.52; HRMS(ESI): calcd. for C27H31NNaO5S(M+Na)
+
: 504.1815, found: 504.1813. 

 

     

(S)-N-(3,3-dimethyl-2-oxo-1-phenylbutyl)-2,4,6-trimethylbenzenesulfonamide (3l): 

White solid (39.7 mg, 53%); m.p. = 87-90 
o
C;Rf = 0.50 (petroleum ether/ ethyl 

acetate = 5:1); the enantiomeric excess was determined to be 91% by HPLC 

analysis on Daicel Chirapak AS-H column (hexane/isopropanol = 70/30, flow 

rate 1.0 mL/min, T = 30 
o
C), UV 254 nm, tR(major) 8.681 min, tR(minor) 6.491 min; [α]D

20 
= 
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+211.05 (c=0.37, CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 7.21 – 7.12 (m, 3H), 7.10 – 7.00 (m, 

2H), 6.80 (s, 2H), 6.07 (d, J = 7.4 Hz, 1H), 5.35 (d, J = 7.6 Hz, 1H), 2.58 (s, 6H), 2.22 (s, 3H), 

0.89 (s, 9H); 
13

C NMR (151 MHz, CDCl3) δ 210.71, 142.00, 138.67, 135.19, 134.38, 131.69, 

128.83, 128.46, 128.00, 60.71, 43.99, 26.90, 22.73, 20.78; HRMS(ESI): calcd. for 

C21H27NNaO3S(M+Na)
+
: 396.1604;  found: 396.1602. 

 

     

(S)-N-(1-(2-fluorophenyl)-2-oxo-2-phenylethyl)-2,4,6-trimethylbenzenesulfonamide (4a): 

Colorless oil (39.5 mg, 48%); Rf = 0.34 (petroleum ether/ ethyl acetate = 5:1); 

the enantiomeric excess was determined to be 88% by HPLC analysis on 

Daicel Chirapak AD-H column (hexane/isopropanol = 90/10, flow rate 1.0 

mL/min, T = 30 
o
C), UV 254 nm, tR(major) 22.402 min, tR(minor) 20.406 min; [α]D

20 
= +123.66 

(c=0.39, CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 7.83 (d, J = 7.9 Hz, 2H), 7.49 (t, J = 7.4 Hz, 

1H), 7.35 (t, J = 7.7 Hz, 2H), 7.12 – 7.02 (m, 2H), 6.88 (t, J = 7.6 Hz, 1H), 6.82 (t, J = 9.2 Hz, 1H), 

6.73 (s, 2H), 6.41 (d, J = 6.3 Hz, 1H), 6.18 (d, J = 6.4 Hz, 1H), 2.59 (s, 6H), 2.17 (s, 3H); 
13

C 

NMR (151 MHz, CDCl3) δ 193.61, 160.41, 158.77, 142.00, 138.92, 134.05, 133.96, 133.37, 

131.62, 130.28, 130.22, 128.95, 128.93, 128.72, 124.60, 124.58, 123.40, 123.30, 115.84, 115.69, 

54.75, 22.67, 20.75; HRMS(ESI): calcd. for C23H22FNNaO3S(M+Na)
+
: 434.1197, found: 

434.1193. 
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(S)-N-(1-(2-methoxyphenyl)-2-oxo-2-phenylethyl)-2,4,6-trimethylbenzenesulfonamide (4b): 

White solid (40.0 mg, 47%); m.p. = 132-135 
o
C; Rf = 0.23 (petroleum ether/ 

ethyl acetate = 5:1); the enantiomeric excess was determined to be 80% by 

HPLC analysis on Daicel Chirapak IA-H column (hexane/isopropanol = 90/10, 

flow rate 1.0 mL/min, T = 30 
o
C), UV 254 nm, tR(major) 19.085 min, tR(minor) 15.18 min; [α]D

20 

= +67.60 (c=0.39, CH2Cl2); 
1
H NMR (400 MHz, CDCl3) δ 7.87 – 7.78 (m, 2H), 7.44 (t, J = 7.4 

Hz, 1H), 7.30 (t, J = 7.8 Hz, 2H), 7.10 – 6.98 (m, 2H), 6.76 – 6.65 (m, 3H), 6.59 (d, J = 8.2 Hz, 

1H), 6.34 (d, J = 7.0 Hz, 1H), 6.23 (d, J = 7.0 Hz, 1H), 3.70 (s, 3H), 2.58 (s, 6H), 2.17 (s, 3H); 
13

C 

NMR (151 MHz, CDCl3) δ 194.84, 155.78, 141.69, 138.91, 134.27, 133.99, 133.55, 131.44, 

129.71, 128.90, 128.66, 128.42, 124.35, 120.89, 110.79, 55.88, 55.15, 22.74, 20.78; HRMS(ESI): 

calcd. for C24H25NNaO4S(M+Na)
+
: 446.1397, found: 446.1400. 

 

     

(S)-2,4,6-trimethyl-N-(2-oxo-2-phenyl-1-(m-tolyl)ethyl)benzenesulfonamide (4c): 

White solid (61.3 mg, 75%); m.p. = 143-146 
o
C; Rf = 0.36 (petroleum ether/ 

ethyl acetate = 5:1); the enantiomeric excess was determined to be 91% by 

HPLC analysis on Daicel Chirapak IA-H column (hexane/isopropanol = 95/5, 

flow rate 0.5 mL/min, T = 30 
o
C), UV 254 nm, tR(major) 40.915 min, tR(minor) 31.296 min; [α]D

20 

= +131.76 (c=0.57, CH2Cl2); 1H NMR (600 MHz, CDCl3) δ 7.83 (d, J = 7.5 Hz, 2H), 7.51 (t, J = 

7.4 Hz, 1H), 7.38 (t, J = 7.8 Hz, 2H), 7.01 (t, J = 7.6 Hz, 1H), 6.95 (d, J = 7.7 Hz, 1H), 6.92 (d, J 

= 7.5 Hz, 1H), 6.88 (s, 1H), 6.74 (s, 2H), 6.30 (d, J = 6.8 Hz, 1H), 5.93 (d, J = 6.9 Hz, 1H), 2.59 (s, 

6H), 2.20 (s, 3H), 2.16 (s, 3H); 
13

C NMR (151 MHz, CDCl3) δ 194.57, 141.81, 138.59, 135.13, 
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134.56, 133.89, 133.83, 131.58, 129.12, 128.91, 128.73, 128.64, 128.33, 124.98, 61.53, 22.78, 

21.13, 20.74; HRMS(ESI): calcd. for C24H25NNaO3S(M+Na)
+
: 430.1447, found: 430.1447. 

 

     

(S)-N-(1-(3-methoxyphenyl)-2-oxo-2-phenylethyl)-2,4,6-trimethylbenzenesulfonamide (4d): 

Colorless oil (18.8 mg, 22%); Rf = 0.25 (petroleum ether/ethyl acetate = 5:1); 

the enantiomeric excess was determined to be 90% by HPLC analysis on 

Daicel Chirapak IA-H column (hexane/isopropanol = 90/10, flow rate 1.0 

mL/min, T = 30 
o
C), UV 254 nm, tR(major)15.176 min tR(minor) 13.544 min; [α]D

20 
= +135.89 

(c=0.35, CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 7.80 (d, J = 7.5 Hz, 2H), 7.49 (t, J = 7.3 Hz, 

1H), 7.35 (t, J = 7.7 Hz, 2H), 7.02 (t, J = 7.9 Hz, 1H), 6.73 (s, 2H), 6.72 – 6.68 (m, 1H), 6.60 – 

6.55 (m, 2H), 6.28 (d, J = 6.7 Hz, 1H), 5.89 (d, J = 6.9 Hz, 1H), 3.65 (s, 3H), 2.58 (s, 6H), 2.17 (s, 

3H); 
13

C NMR (151 MHz, CDCl3) δ 194.45, 159.75, 141.93, 138.63, 136.74, 134.47, 133.88, 

133.85, 131.63, 129.91, 128.88, 128.64, 120.24, 114.05, 113.03, 61.41, 55.08, 22.81, 20.75; 

HRMS(ESI): calcd. for C24H25NNaO4S(M+Na)
+
: 446.1397, found:446.1400. 

 

     

(S)-N-(1-(3-fluorophenyl)-2-oxo-2-phenylethyl)-2,4,6-trimethylbenzenesulfonamide (4e): 

White solid (46.4 mg, 56%);  m.p. = 105-107 
o
C; Rf = 0.33 (petroleum ether/ethyl acetate = 5:1); 

the enantiomeric excess was determined to be 86% by HPLC analysis on Daicel Chirapak IA-H 
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column (hexane/isopropanol = 95/5, flow rate 1.0 mL/min, T = 30 
o
C), UV 

254 nm, tR(major) 23.164 min, tR(minor) 18.429 min; [α]D
20 

= +112.37 

(c=0.37, CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 7.79 (d, J = 7.8 Hz, 2H), 

7.51 (t, J = 7.4 Hz, 1H), 7.37 (t, J = 7.8 Hz, 2H), 7.08 (dd, J = 13.8, 7.7 Hz, 1H), 6.93 (d, J = 7.8 

Hz, 1H), 6.79 (t, J = 8.5 Hz, 2H), 6.74 (s, 2H), 6.32 (d, J = 6.7 Hz, 1H), 5.92 (d, J = 6.7 Hz, 1H), 

2.58 (s, 6H), 2.17 (s, 3H); 
13

C NMR (151 MHz, CDCl3) δ 194.10, 163.45, 161.81, 142.20, 138.63, 

137.84, 137.80, 134.30, 134.12, 133.60, 131.70, 130.47, 130.42, 128.88, 128.76, 123.55, 123.53, 

115.45, 115.31, 114.80, 114.65, 60.83, 60.82, 22.75, 20.72; HRMS(ESI): calcd. for 

C23H22FNNaO3S(M+Na)
+
: 434.1197, found: 434.1195. 

 

     

(S)-N-(1-(3-chlorophenyl)-2-oxo-2-phenylethyl)-2,4,6-trimethylbenzenesulfonamide (4f): 

White solid (44.4 mg, 52%); m.p. = 112-115 
o
C; Rf = 0.34 (petroleum 

ether/ethyl acetate = 5:1); the enantiomeric excess was determined to be 85% 

by HPLC analysis on Daicel Chirapak AD-H column (hexane/isopropanol = 

90/10, flow rate 1.0 mL/min, T = 30 
o
C), UV 254 nm, tR(major) 13.844 min, tR(minor) 10.942 min; 

[α]D
20 

= +98.77 (c=0.38, CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 7.79 (d, J = 7.3 Hz, 2H), 7.51 (t, 

J = 7.4 Hz, 1H), 7.37 (t, J = 7.8 Hz, 2H), 7.16 – 6.89 (m, 4H), 6.73 (s, 2H), 6.33 (d, J = 6.2 Hz, 

1H), 5.91 (d, J = 6.5 Hz, 1H), 2.57 (s, 6H), 2.17 (s, 3H); 
13

C NMR (151 MHz, CDCl3) δ 193.89, 

142.21, 138.49, 137.17, 134.67, 134.32, 134.20, 133.49, 131.74, 130.07, 128.94, 128.82, 128.54, 

127.86, 125.99, 60.94, 22.76, 20.79; HRMS(ESI): calcd. for C23H22ClNNaO3S(M+Na)
+
: 

450.0901, found: 450.0901. 
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(S)-N-(1-(3-bromophenyl)-2-oxo-2-phenylethyl)-2,4,6-trimethylbenzenesulfonamide (4g): 

White solid (56.1 mg, 59%); m.p. = 118-121 
o
C; Rf = 0.34 (petroleum ether/ 

ethyl acetate = 5:1); the enantiomeric excess was determined to be 84% by 

HPLC analysis on Daicel Chirapak IA-H column (hexane/isopropanol = 90/10, 

flow rate 1.0 mL/min, T = 30 
o
C), UV 254 nm, tR(major) 14.234 min, tR(minor) 11.220 min; [α]D

20 

= +103.03 (c=0.54, CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 7.80 (d, J = 7.6 Hz, 2H), 7.52 (t, J = 

7.4 Hz, 1H), 7.38 (t, J = 7.8 Hz, 2H), 7.19 (d, J = 8.0 Hz, 1H), 7.15 (s, 1H), 7.06 (d, J = 7.8 Hz, 

1H), 6.95 (t, J = 7.8 Hz, 1H), 6.73 (s, 2H), 6.31 (d, J = 6.4 Hz, 1H), 5.90 (d, J = 6.5 Hz, 1H), 2.56 

(s, 6H), 2.19 (s, 3H); 
13

C NMR (151 MHz, CDCl3) δ 193.82, 142.17, 138.45, 137.36, 134.33, 

134.18, 133.49, 131.75, 131.44, 130.72, 130.27, 128.93, 128.80, 126.41, 122.82, 60.93, 22.74, 

20.82; HRMS(ESI): calcd. for C23H22BrNNaO3S (M+Na)
+
: 494.0396, found: 494.0391. 

 

    

(S)-2,4,6-trimethyl-N-(2-oxo-2-phenyl-1-(3-(trifluoromethyl)phenyl)ethyl)benzenesulfonamid

e (4h): 

White solid (43.6 mg, 47%); m.p. = 109-111 
o
C; Rf = 0.40 (petroleum 

ether/ethyl acetate = 5:1); the enantiomeric excess was determined to be 84% 

by HPLC analysis on Daicel Chirapak IA-H column (hexane/isopropanol = 
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90/10, flow rate 1.0 mL/min, T = 30 
o
C), UV 254 nm, tR(major) 11.364 min, tR(minor) 8.626 

min;[α]D
20 

= +78.54 (c=0.41, CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 7.81 (d, J = 7.9 Hz, 2H), 

7.52 (t, J = 7.4 Hz, 1H), 7.38 (t, J = 7.7 Hz, 2H), 7.35 – 7.29 (m, 3H), 7.21 (t, J = 7.7 Hz, 1H), 

6.69 (s, 2H), 6.38 (d, J = 6.1 Hz, 1H), 6.03 (d, J = 6.2 Hz, 1H), 2.55 (s, 6H), 2.14 (s, 3H); 
13

C 

NMR (151 MHz, CDCl3) δ 193.85, 142.26, 138.42, 136.42, 134.27, 133.42, 131.71, 131.25, 

131.05, 129.34, 129.07, 128.91, 128.85, 125.21, 125.19, 125.16, 125.14, 124.41, 124.39, 124.36, 

124.34, 122.56, 60.99, 22.70, 20.64; HRMS(ESI): calcd. for C24H22F3NNaO3S (M+Na)
+
: 

484.1165, found: 484.1165. 

 

     

(S)-2,4,6-trimethyl-N-(2-oxo-2-phenyl-1-(p-tolyl)ethyl)benzenesulfonamide (4i): 

Yellow oil (60.1 mg, 74%); Rf = 0.40 (petroleum ether/ethyl acetate = 5:1); the 

enantiomeric excess was determined to be 89% by HPLC analysis on Daicel 

Chirapak AD-H column (hexane/isopropanol = 90/10, flow rate 1.0 mL/min, T 

= 30 
o
C), UV 254 nm, tR(major) 21.090 min, tR(minor) 17.449 min; [α]D

20 
= +147.84 (c=0.56, 

CH2Cl2); 
1
H NMR (400 MHz, CDCl3) δ 7.83 – 7.75 (m, 2H), 7.48 (t, J = 7.4 Hz, 1H), 7.34 (t, J = 

7.8 Hz, 2H), 7.00 (d, J = 8.1 Hz, 2H), 6.90 (d, J = 8.0 Hz, 2H), 6.73 (s, 2H), 6.26 (d, J = 7.0 Hz, 

1H), 5.89 (d, J = 7.0 Hz, 1H), 2.57 (s, 6H), 2.19 (s, 3H), 2.18 (s, 3H); 
13

C NMR (101 MHz, 

CDCl3) δ 194.69, 141.87, 138.65, 138.30, 134.52, 133.93, 133.77, 132.50, 131.61, 129.50, 128.87, 

128.61, 127.64, 61.21, 22.81, 20.98, 20.75; HRMS(ESI): calcd. for C24H25NNaO3S(M+Na)
+
: 

430.1447, found: 430.1455. 
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(S)-N-(1-(4-methoxyphenyl)-2-oxo-2-phenylethyl)-2,4,6-trimethylbenzenesulfonamide (4j): 

Yellow oil (43.9 mg, 52%); Rf = 0.24 (petroleum ether/ethyl acetate = 5:1); 

the enantiomeric excess was determined to be 89% by HPLC analysis on 

Daicel Chirapak AD-H column (hexane/isopropanol = 90/10, flow rate 1.0 

mL/min, T = 30 
o
C), UV 254 nm, tR(major) 34.564 min, tR(minor) 28.766 min; [α]D

20 
= +142.22 

(c=0.41, CH2Cl2); 
1
H NMR (400 MHz, CDCl3) δ7.81-7.74 (m, 2H), 7.48 (t, J = 7.4 Hz, 1H), 7.34 

(t, J = 7.8 Hz, 2H), 7.08 – 6.94 (m, 2H), 6.73 (s, 2H), 6.68 – 6.50 (m, 2H), 6.26 (d, J = 6.9 Hz, 1H), 

5.89 (d, J = 6.9 Hz, 1H), 3.67 (s, 3H), 2.57 (s, 6H), 2.18 (s, 3H); 
13

C NMR (101 MHz, CDCl3) δ 

194.68, 159.60, 141.85, 138.62, 134.61, 133.93, 133.76, 131.64, 129.02, 128.86, 128.62, 127.51, 

114.28, 60.93, 55.18, 22.81, 20.73; HRMS(ESI): calcd. for C24H25NNaO4S(M+Na)
+
: 446.1397, 

found:  446.1410. 

 

    

(S)-N-(1-(4-(tert-butyl)phenyl)-2-oxo-2-phenylethyl)-2,4,6-trimethylbenzenesulfonamide 

(4k): 

Yellow oil (60.0 mg, 67%); Rf = 0.45 (petroleum ether/ethyl acetate = 5:1); the 

enantiomeric excess was determined to be 94% by HPLC analysis on Daicel 

Chirapak IA-H column (hexane/isopropanol = 95/5, flow rate 0.5 mL/min, T = 
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30 
o
C), UV 254 nm, tR(major) 41.718 min, tR(minor) 33.773 min; [α]D

20 
= +109.68 (c=0.56, 

CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 7.85 (d, J = 7.3 Hz, 2H), 7.50 (t, J = 7.4 Hz, 1H), 7.37 (t, 

J = 7.8 Hz, 2H), 7.12 – 7.02 (m, 4H), 6.72 (s, 2H), 6.34 (d, J = 6.6 Hz, 1H), 5.99 (d, J = 6.8 Hz, 

1H), 2.59 (s, 6H), 2.17 (s, 3H), 1.20 (s, 9H); 
13

C NMR (151 MHz, CDCl3) δ 194.53, 151.38, 

141.59, 138.44, 134.77, 133.90, 133.81, 132.08, 131.59, 128.94, 128.63, 127.43, 125.63, 61.24, 

34.41, 31.13, 22.81, 20.80; HRMS(ESI): calcd. for C27H31NNaO3S(M+Na)
+
: 472.1917, found: 

472.1929. 

 

     

(S)-N-(1-(4-fluorophenyl)-2-oxo-2-phenylethyl)-2,4,6-trimethylbenzenesulfonamide (4l): 

White solid (59.9 mg, 73%); m.p. = 127-130 
o
C; Rf = 0.39 (petroleum ether/ 

ethyl acetate = 5:1); the enantiomeric excess was determined to be 90% by 

HPLC analysis on Daicel Chirapak IA-H column (hexane/isopropanol = 95/5, 

flow rate 0.5mL/min, T = 30 
o
C), UV 254 nm, tR(major) 52.581 min, tR(minor) 37.969 min; [α]D

20 

= +131.95 (c=0.58, CH2Cl2); 1H NMR (600 MHz, CDCl3) δ 7.78 (d, J = 7.4 Hz, 2H), 7.50 (t, J = 

7.4 Hz, 1H), 7.36 (t, J = 7.8 Hz, 2H), 7.12 – 7.05 (m, 2H), 6.78 (t, J = 8.6 Hz, 2H), 6.74 (s, 2H), 

6.30 (d, J = 6.6 Hz, 1H), 5.93 (d, J = 6.7 Hz, 1H), 2.57 (s, 6H), 2.19 (s, 3H); 
13

C NMR (151 MHz, 

CDCl3.) δ 194.44, 163.35, 161.71, 142.18, 138.60, 134.44, 134.04, 133.66, 131.69, 131.47, 

131.45, 129.58, 129.53, 128.88, 128.74, 115.88, 115.73, 60.66, 22.78, 20.73; HRMS(ESI): calcd. 

for C23H22FNNaO3S(M+Na)
+
: 434.1197, found: 434.1199. 
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(S)-N-(1-(4-chlorophenyl)-2-oxo-2-phenylethyl)-2,4,6-trimethylbenzenesulfonamide (4m): 

White solid (50.2 mg, 59%); m.p. = 136-139 
o
C; Rf = 0.39 (petroleum 

ether/ethyl acetate = 5:1); the enantiomeric excess was determined to be 86% 

by HPLC analysis on Daicel Chirapak IA-H column (hexane/isopropanol = 

95/5, flow rate 1.0mL/min, T = 30 
o
C), UV 254 nm, tR(major) 28.461 min, tR(minor) 21.746 min; 

[α]D
20 

= +115.03 (c=0.47, CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 7.78 (d, J = 7.3 Hz, 2H), 7.51 

(t, J = 7.4 Hz, 1H), 7.36 (t, J = 7.8 Hz, 2H), 7.09 – 6.97 (m, 4H), 6.74 (s, 2H), 6.31 (d, J = 6.4 Hz, 

1H), 5.92 (d, J = 6.6 Hz, 1H), 2.56 (s, 6H), 2.20 (s, 3H); 
13

C NMR (151 MHz, CDCl3) δ 194.14, 

142.29, 138.56, 134.51, 134.44, 134.12, 133.98, 133.57, 131.69, 129.04, 128.97, 128.89, 128.78, 

60.79, 22.78, 20.77; HRMS(ESI): calcd. for C23H22ClNNaO3S(M+Na)
+
: 450.0901, found: 

450.0903. 

 

     

(S)-2,4,6-trimethyl-N-(2-oxo-2-phenyl-1-(4-(trifluoromethyl)phenyl)ethyl)benzenesulfonamid

e (4n): 

White solid (43.6 mg, 59%); m.p. = 142-145 
o
C; Rf =0.37 (petroleum 

ether/ethyl acetate = 5:1); the enantiomeric excess was determined to be 78% 

by HPLC analysis on Daicel Chirapak IA-H column (hexane/isopropanol = 

90/10, flow rate 1.0mL/min, T = 30 
o
C), UV 254 nm, tR(major) 21.485 min, tR(minor) 17.171 min; 

[α]D
20 

= +78.80 (c=0.42, CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 7.81 (d, J = 7.7 Hz, 2H), 7.52 (t, 

J = 7.4 Hz, 1H), 7.38 (t, J = 7.8 Hz, 2H), 7.30 (d, J = 8.2 Hz, 2H), 7.22 (d, J = 8.1 Hz, 2H), 6.69 (s, 

2H), 6.38 (d, J = 6.1 Hz, 1H), 6.02 (d, J = 6.2 Hz, 1H), 2.55 (s, 6H), 2.15 (s, 3H); 
13

C NMR (151 

MHz, CDCl3) δ193.78, 142.32, 139.19, 138.44, 134.43, 134.31, 133.43, 131.66, 130.80, 130.58, 
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130.37, 130.15, 128.93, 128.87, 128.11, 126.33, 125.66, 125.63, 125.61, 125.58, 124.53, 122.73, 

120.92, 77.23, 77.02, 76.81, 61.08, 22.74, 20.57; HRMS(ESI): calcd. for 

C24H22F3NNaO3S(M+Na)
+
: 484.1165, found: 484.1160. 

 

     

(S)-N-(1-([1,1'-biphenyl]-4-yl)-2-oxo-2-phenylethyl)-2,4,6-trimethylbenzenesulfonamide (4o): 

Yellow solid (56.2 mg, 60%); m.p. = 47-50 
o
C;Rf = 0.33 (petroleum ether/ 

ethyl acetate = 5:1); the enantiomeric excess was determined to be 88% by 

HPLC analysis on Daicel ChirapakAS-H column (hexane/isopropanol = 70/30, 

flow rate 1.0mL/min, T = 30 
o
C), UV 254 nm, tR(major) 9.047 min, tR(minor) 13.689 min; [α]D

20 
= 

+72.94 (c=0.70, CH2Cl2); 
1
H NMR (400 MHz, CDCl3) δ 7.85 (d, J = 7.6 Hz, 2H), 7.49 (d, J = 7.4 

Hz, 1H), 7.42 – 7.34 (m, 6H), 7.34 – 7.31 (m, 1H), 7.28 (d, J = 8.2 Hz, 2H), 7.18 (d, J = 8.2 Hz, 

2H), 6.70 (s, 2H), 6.36 (d, J = 6.7 Hz, 1H), 6.00 (d, J = 6.7 Hz, 1H), 2.59 (s, 6H), 2.09 (s, 3H); 
13

C 

NMR (101 MHz, CDCl3) δ 194.38, 141.93, 141.34, 140.17, 138.55, 134.63, 134.24, 133.97, 

133.82, 131.64, 128.97, 128.75, 128.72, 128.13, 127.58, 127.48, 126.96, 61.29, 22.84, 20.73; 

HRMS(ESI): calcd. for C29H27NNaO3S(M+Na)
+
: 492.1604, found: 492.1602. 

 

     

(S)-N-(3-(2-oxo-2-phenyl-1-((2,4,6-trimethylphenyl)sulfonamido)ethyl)phenyl)acetamide 

(4p): 
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Colorless oil (55.3 mg, 61%); Rf = 0.30 (petroleum ether/ethyl acetate = 2:1); 

the enantiomeric excess was determined to be 89% by HPLC analysis on 

Daicel Chirapak OJ-H column (hexane/isopropanol = 70/30, flow rate 1.0 

mL/min, T = 30 
o
C), UV 254 nm, tR(major) 17.387 min tR(minor) 11.218 min; [α]D

20 
= 

+144.22(c=0.50, CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 7.76 (d, J = 7.4 Hz, 2H), 7.49 (d, J = 

7.2 Hz, 1H), 7.45 (t, J = 7.0 Hz, 1H), 7.34 – 7.27 (m, 3H), 7.02 (t, J = 7.7 Hz, 1H), 6.83 (d, J = 7.1 

Hz, 1H), 6.76 (s, 2H), 6.58 (d, J = 6.7 Hz, 1H), 5.84 (d, J = 7.0 Hz, 1H), 2.60 (s, 6H), 2.17 (s, 3H), 

2.05 (s, 3H); 
13

C NMR (151 MHz, CDCl3) δ 194.43, 168.40, 142.21, 138.79, 138.75, 136.27, 

134.09, 133.96, 133.68, 131.78, 129.53, 128.89, 128.67, 123.22, 119.73, 118.74, 61.22, 24.42, 

22.83, 20.79; HRMS(ESI): calcd. for C25H26N2NaO4S(M+Na)
+
: 473.1505, found: 473.1505. 

 

     

(S)-2,4,6-trimethyl-N-(2-oxo-2-phenyl-1-(4-(trimethylsilyl)phenyl)ethyl)benzenesulfonamide 

(4q): 

Colorless oil (74.2 mg, 80%); Rf = 0.47 (petroleum ether/ethyl acetate = 5:1); 

the enantiomeric excess was determined to be 87% by HPLC analysis on 

Daicel Chirapak OJ-H column (hexane/isopropanol = 80/20, flow rate 1.0 

mL/min, T = 30 
o
C), UV 254 nm, tR(major) 6.015 min tR(minor) 4.883 min;[α]D

20 
= +106.24 

(c=0.70, CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 7.81 (d, J = 7.3 Hz, 2H), 7.47 (t, J = 7.3 Hz, 

1H), 7.34 (t, J = 7.7 Hz, 2H), 7.24 (t, J = 10.5 Hz, 2H), 7.11-7.01 (m, 2H), 6.70 (s, 2H), 6.32 (d, J 

= 6.5 Hz, 1H), 5.96 (d, J = 6.7 Hz, 1H), 2.57 (s, 6H), 2.15 (s, 3H), 0.16 (s, 9H); 
13

C NMR (151 

MHz, CDCl3) δ 194.74, 141.82, 141.53, 138.56, 134.59, 134.49, 133.99, 133.79, 133.25, 132.51, 

131.66, 128.88, 128.60, 128.08, 128.05, 61.68, 22.85, 20.76, -1.34; HRMS(ESI): calcd. for 

C26H31NNaO3SSi(M+Na)
+
: 488.1686, found: 488.1687. 
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(S)-2,4,6-trimethyl-N-(1-(4-(methylthio)phenyl)-2-oxo-2-phenylethyl)benzenesulfonamide 

(4r): 

Yellow oil (7.2 mg, 8%); Rf = 0.38 (petroleum ether/ethyl acetate = 5:1); the 

enantiomeric excess was determined to be 90% by HPLC analysis on Daicel 

Chirapak IA-H column (hexane/isopropanol = 90/10, flow rate 1.0 mL/min, T 

= 30 
o
C), UV 254 nm, tR(major) 24.140 min, tR(minor) 22.753 min; [α]D

20 
= +123.28 (c=0.13, 

CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 7.79 (d, J = 7.8 Hz, 2H), 7.49 (t, J = 7.4 Hz, 1H), 7.35 (t, 

J = 7.7 Hz, 2H), 7.01 (d, J = 8.2 Hz, 2H), 6.94 (d, J = 8.2 Hz, 2H), 6.73 (s, 2H), 6.28 (d, J = 6.6 

Hz, 1H), 5.90 (d, J = 6.7 Hz, 1H), 2.57 (s, 6H), 2.37 (s, 3H), 2.19 (s, 3H); 
13

C NMR (151 MHz, 

CDCl3) δ 194.34, 142.03, 139.37, 138.57, 134.54, 133.94, 133.76, 131.94, 131.66, 128.89, 128.70, 

128.12, 126.49, 61.07, 22.82, 20.79, 15.42; HRMS(ESI): calcd. for C24H25NNaO3S2(M+Na)
+
: 

462.1168, found: 462.1167. 

 

      

tert-butyl(S)-(4-(2-oxo-2-phenyl-1-((2,4,6-trimethylphenyl)sulfonamido)ethyl)phenyl)carbam

ate (4s): 

Yellow oil (30.5 mg, 30%); Rf = 0.15 (petroleum ether/ ethyl acetate = 5:1); the enantiomeric 

excess was determined to be 85% by HPLC analysis on Daicel Chirapak IA-H column 
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(hexane/isopropanol = 80/20, flow rate 1.0 mL/min, T = 30 
o
C), UV 254 nm, 

tR(major) 16.179 min, tR(minor) 17.576 min; [α]D
20 

= +112.95 (c=0.24, 

CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 7.80 (d, J = 7.5 Hz, 2H), 7.50 (t, J 

= 7.3 Hz, 1H), 7.36 (t, J = 7.6 Hz, 2H), 7.12 (d, J = 8.0 Hz, 2H), 7.04 (d, J = 8.4 Hz, 2H), 6.76 (s, 

2H), 6.45 (s, 1H), 6.30 (d, J = 6.7 Hz, 1H), 5.90 (d, J = 6.8 Hz, 1H), 2.59 (s, 6H), 2.20 (s, 3H), 

1.50 (s, 9H); 
13

C NMR (151 MHz, CDCl3) δ 194.54, 152.37, 141.99, 138.63, 138.56, 134.44, 

133.84, 133.81, 131.67, 129.75, 128.86, 128.63, 128.45, 118.51, 80.78, 60.98, 28.26, 22.81, 20.72; 

HRMS(ESI): calcd. for C28H32N2NaO5S(M+Na)
+
: 4531.1924, found: 531.1922. 

 

     

(S)-2,4,6-trimethyl-N-(2-oxo-2-phenyl-1-(4-(trifluoromethoxy)phenyl)ethyl)benzenesulfonam

ide (4t): 

Colorless oil (61.6 mg, 65%); Rf =0.35 (petroleum ether/ethyl acetate = 5:1); 

the enantiomeric excess was determined to be 79% by HPLC analysis on 

Daicel Chirapak IA-H column (hexane/isopropanol = 90/10, flow rate 1.0 

mL/min, T = 30 
o
C), UV 254 nm, tR(major) 14.966 min tR(minor) 11.417min; [α]D

20 
= +78.20 

(c=0.58, CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 7.80 (d, J = 7.9 Hz, 2H), 7.52 (t, J = 7.3 Hz, 

1H), 7.38 (t, J = 7.8 Hz, 2H), 7.14 (d, J = 8.5 Hz, 2H), 6.91 (d, J = 8.3 Hz, 2H), 6.72 (s, 2H), 6.34 

(d, J = 6.3 Hz, 1H), 5.99 (d, J = 6.4 Hz, 1H), 2.56 (s, 6H), 2.16 (s, 3H); 
13

C NMR (151 MHz, 

CDCl3) δ 194.11, 149.03, 142.25, 138.43, 134.49, 134.17, 134.08, 133.53, 131.64, 129.26, 129.10, 

128.90, 128.80, 121.03, 60.68, 22.74, 20.64; HRMS(ESI): calcd. for C24H22F3NNaO4S(M+Na)
+
: 

500.1114, found: 500.1108. 
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(S)-methyl 4-(2-oxo-2-phenyl-1-((2,4,6-trimethylphenyl)sulfonamido)ethyl)benzoate (4u): 

White solid (25.7 mg, 29%); m.p. = 119-122 
o
C Rf = 0.20 (petroleum 

ether/ethyl acetate = 5:1); the enantiomeric excess was determined to be 

84% by HPLC analysis on Daicel Chirapak IA-H column 

(hexane/isopropanol = 90/10, flow rate 1.0mL/min, T = 30 
o
C), UV 254 nm, tR(major) 20.388 min, 

tR(minor) 15.930 min; [α]D
20 

= +110.53 (c=0.19, CH2Cl2); 
1
H NMR (400 MHz, CDCl3) δ 7.83 – 

7.69 (m, 4H), 7.50 (t, J = 7.4 Hz, 1H), 7.36 (t, J = 7.8 Hz, 2H), 7.18 (d, J = 8.3 Hz, 2H), 6.71 (s, 

2H), 6.37 (d, J = 6.5 Hz, 1H), 5.98 (d, J = 6.6 Hz, 1H), 3.85 (s, 3H), 2.56 (s, 6H), 2.15 (s, 3H); 
13

C 

NMR (101 MHz, CDCl3) δ 194.05, 166.28, 142.27, 140.29, 138.63, 134.29, 134.16, 133.58, 

131.69, 130.06, 130.03, 128.89, 128.77, 127.75, 61.14, 52.13, 22.75, 20.66; HRMS(ESI): calcd. 

for C25H25NNaO5S(M+Na)
+
: 474.1346, found:474.1353. 

 

  

(S)-2,4,6-trimethyl-N-(2-oxo-2-phenyl-1-(phenyl-d5)ethyl)benzenesulfonamide (4v): 

Colorless oil (57.7 mg, 72%); Rf = 0.38 (petroleum ether/ ethyl acetate = 5:1); 

the enantiomeric excess was determined to be 88% by HPLC analysis on 

Daicel Chirapak AS-H column (hexane/isopropanol = 70/30, flow rate 1.0 

mL/min, T = 30 
o
C), UV 254 nm, tR(major) 8.906 min tR(minor) 14.336 min; [α]D

20 
= +123.73 
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(c=0.54, CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 7.78 (d, J = 7.9 Hz, 2H), 7.48 (t, J = 7.4 Hz, 

1H), 7.34 (t, J = 7.7 Hz, 2H), 6.73 (s, 2H), 6.29 (d, J = 6.9 Hz, 1H), 5.93 (d, J = 7.0 Hz, 1H), 2.57 

(s, 6H), 2.17 (s, 3H); 
13

C NMR (151 MHz, CDCl3) δ 194.70, 141.98, 138.66, 135.38, 134.38, 

133.88, 133.85, 131.66, 128.86, 128.63, 128.50, 128.34, 128.18, 127.50, 127.34, 127.17, 61.33, 

22.80, 20.75; HRMS(ESI): calcd. forC23H18D5NNaO3S(M+Na)
+
: 421.1605, found: 421.1606. 

 

     

(S)-N-(1-(3,5-di-tert-butylphenyl)-2-oxo-2-phenylethyl)-2,4,6-trimethylbenzenesulfonamide 

(4w): 

White solid (53.6 mg, 53%); m.p. = 85-87 
o
C; Rf =0.50 (petroleum ether/ ethyl 

acetate = 5:1); the enantiomeric excess was determined to be 88% by HPLC 

analysis on Daicel Chirapak IA-H column (hexane/isopropanol = 95/5, flow 

rate 1.0mL/min, T = 30 
o
C), UV 254 nm, tR(major) 8.286 min, tR(minor) 6.508 min; [α]D

20 
= 

+95.35 (c=0.47, CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 7.83 (d, J = 7.5 Hz, 2H), 7.47 (t, J = 7.4 

Hz, 1H), 7.34 (t, J = 7.8 Hz, 2H), 7.10 (s, 1H), 6.91 (d, J = 1.3 Hz, 2H), 6.68 (s, 2H), 6.32 (d, J = 

6.4 Hz, 1H), 5.98 (d, J = 6.5 Hz, 1H), 2.58 (s, 6H), 2.12 (s, 3H), 1.15 (s, 18H); 
13

C NMR (151 

MHz, CDCl3) δ 194.89, 151.18, 141.56, 138.45, 134.70, 134.30, 134.18, 133.61, 131.67, 128.89, 

128.49, 122.52, 121.78, 62.14, 34.67, 31.14, 22.96, 20.71; HRMS(ESI): calcd. for 

C31H39NNaO3S(M+Na)
+
:
 
528.2543, found: 528.2545. 
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(S)-N-(1-(3,5-dimethylphenyl)-2-oxo-2-phenylethyl)-2,4,6-trimethylbenzenesulfonamide (4x): 

White solid (60.6 mg, 53%); m.p. = 128-132 
o
C; Rf = 0.43 (petroleum ether/ 

ethyl acetate = 5:1); the enantiomeric excess was determined to be 91% by 

HPLC analysis on Daicel Chirapak AD-H column (hexane/isopropanol = 95/5, 

flow rate 1.0mL/min, T = 30 
o
C), UV 254 nm, tR(major) 19.680 min, tR(minor) 15.969 min; [α]D

20 

= +130.14 (c=0.58, CH2Cl2); 
1
H NMR (400 MHz, CDCl3) δ 7.81 (d, J = 7.4 Hz, 2H), 7.49 (t, J = 

7.4 Hz, 1H), 7.35 (t, J = 7.7 Hz, 2H), 6.70 (s, 2H), 6.67 (s, 3H), 6.25 (d, J = 6.9 Hz, 1H), 5.87 (d, J 

= 6.9 Hz, 1H), 2.56 (s, 6H), 2.17 (s, 3H), 2.10 (s, 6H); 
13

C NMR (101 MHz, CDCl3) δ 194.47, 

141.64, 138.51, 138.41, 134.78, 134.72, 133.92, 133.78, 131.45, 129.97, 128.91, 128.62, 125.58, 

61.63, 22.73, 20.99, 20.72; HRMS(ESI): calcd. for C25H27NNaO3S(M+Na)
+
: 444.1604, found: 

444.1610. 

 

     

(S)-N-(1-(3-fluoro-4-methoxyphenyl)-2-oxo-2-phenylethyl)-2,4,6-trimethylbenzenesulfonami

de (4y): 

Colorless oil (44.5 mg, 50%); Rf = 0.16 (petroleum ether/ethyl acetate = 5:1); 

the enantiomeric excess was determined to be 86% by HPLC analysis on 

Daicel Chirapak AS-H column (hexane/isopropanol = 70/30, flow rate 1.0 

mL/min, T = 30 
o
C), UV 254 nm, tR(major) 22.444 min tR(minor) 12.497 min; [α]D

20 
= +113.89 

(c=0.42, CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 7.81 (d, J = 7.3 Hz, 2H), 7.53 (t, J = 7.3 Hz, 

1H), 7.39 (t, J = 7.7 Hz, 2H), 6.88 (d, J = 7.8 Hz, 1H), 6.84 – 6.79 (m, 1H), 6.77 (s, 2H), 6.69 (t, J 

= 8.4 Hz, 1H), 6.31 (d, J = 6.3 Hz, 1H), 5.90 (d, J = 6.5 Hz, 1H), 3.78 (s, 3H), 2.60 (s, 6H), 2.21 (s, 

3H); 
13

C NMR (151 MHz, CDCl3) δ 194.12, 152.87, 151.22, 147.83, 147.76, 142.06, 138.57, 
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134.54, 134.01, 133.64, 131.64, 128.87, 128.73, 128.19, 128.15, 123.94, 123.91, 115.47, 115.34, 

113.47, 60.57, 56.16, 22.76, 20.72; HRMS(ESI): calcd. for C24H24FNNaO4S (M+Na)
+
:
 
464.1302, 

found: 464.1307. 

 

     

(S)-N-(1-(4-fluoro-3-methylphenyl)-2-oxo-2-phenylethyl)-2,4,6-trimethylbenzenesulfonamide

(4z): 

White solid (51.5 mg, 61%); m.p. = 144-145 
o
C; Rf = 0.33 (petroleum ether/ 

ethyl acetate = 5:1); the enantiomeric excess was determined to be 83% by 

HPLC analysis on Daicel Chirapak IA-H column (hexane/isopropanol = 90/10, 

flow rate 1.0mL/min, T = 30 
o
C), UV 254 nm, tR(major) 13.854 min, tR(minor) 10.168 min; [α]D

20 

= +109.65 (c=0.47, CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 7.79 (d, J = 7.9 Hz, 2H), 7.50 (t, J = 

7.4 Hz, 1H), 7.36 (t, J = 7.7 Hz, 2H), 6.95 – 6.88 (m, 1H), 6.86 (d, J = 6.9 Hz, 1H), 6.73 (s, 2H), 

6.70 (t, J = 8.9 Hz, 1H), 6.28 (d, J = 6.5 Hz, 1H), 5.90 (d, J = 6.5 Hz, 1H), 2.56 (s, 6H), 2.18 (s, 

3H), 2.05 (s, 3H); 
13

C NMR (151 MHz, CDCl3) δ 194.31, 161.92, 160.29, 141.95, 138.50, 134.65, 

133.97, 133.68, 131.56, 130.83, 130.79, 128.89, 128.70, 126.94, 126.88, 125.50, 125.38, 115.39, 

115.24, 60.88, 22.75, 20.72, 14.30, 14.28; HRMS(ESI): calcd. for C24H24FNNaO3S (M+Na)
+
:
 

448.1353, found: 448.1353. 
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(S)-N-(1-(3-chloro-4-methylphenyl)-2-oxo-2-phenylethyl)-2,4,6-trimethylbenzenesulfonamide

(4aa): 

Colorless oil (56.1 mg, 64%); Rf = 0.39 (petroleum ether/ ethyl acetate = 5:1); 

the enantiomeric excess was determined to be 85% by HPLC analysis on 

Daicel Chirapak AD-H column (hexane/isopropanol = 90/10, flow rate 1.0 

mL/min, T = 30 
o
C), UV 254 nm, tR(major) 16.144 min tR(minor) 14.792 min; [α]D

20 
= +85.79 

(c=0.53, CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 7.80 (d, J = 8.0 Hz, 2H), 7.50 (t, J = 7.4 Hz, 

1H), 7.37 (t, J = 7.7 Hz, 2H), 7.00 (s, 1H), 6.94 – 6.88 (m, 2H), 6.72 (s, 2H), 6.29 (d, J = 6.5 Hz, 

1H), 5.88 (d, J = 6.5 Hz, 1H), 2.56 (s, 6H), 2.18 (s, 3H), 2.17 (s, 3H); 
13

C NMR (151 MHz, 

CDCl3) δ 193.87, 141.98, 138.44, 136.45, 134.61, 134.51, 134.29, 134.06, 133.56, 131.61, 131.16, 

128.93, 128.75, 128.22, 125.95, 60.82, 22.75, 20.79, 19.56; HRMS(ESI): calcd. for 

C24H24ClNNaO3S(M+Na)
+ 

: 464.1058, found: 464.1055. 

 

     

(S)-N-(1-(2,3-dihydrobenzofuran-5-yl)-2-oxo-2-phenylethyl)-2,4,6-trimethylbenzenesulfonam

ide (4ab): 

Yellow oil (49.5 mg, 57%); Rf = 0.23 (petroleum ether/ethyl acetate = 5:1); the 

enantiomeric excess was determined to be 81% by HPLC analysis on Daicel 

Chirapak AD-H column (hexane/isopropanol = 70/30, flow rate 1.0 mL/min, T 

= 30 
o
C), UV 254 nm, tR(major) 13.514 min, tR(minor) 11.745 min; [α]D

20 
= +96.55 (c=0.46, 

CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 7.80 (d, J = 7.6 Hz, 2H), 7.48 (t, J = 7.4 Hz, 1H), 7.35 (t, 

J = 7.8 Hz, 2H), 6.88 (d, J = 8.3 Hz, 1H), 6.86 (s, 1H), 6.74 (s, 2H), 6.49 (d, J = 8.2 Hz, 1H), 6.26 

(d, J = 6.7 Hz, 1H), 5.89 (d, J = 6.7 Hz, 1H), 4.43 (t, J = 9.3 Hz, 2H), 3.02 – 2.89 (m, 2H), 2.57 (s, 

6H), 2.19 (s, 3H); 
13

C NMR (151 MHz, CDCl3) δ 194.57, 160.26, 141.67, 138.53, 134.86, 133.89, 



 S33 

133.78, 131.54, 128.91, 128.64, 128.27, 127.74, 127.16, 124.20, 109.42, 71.39, 61.28, 29.31, 

22.81, 20.77; HRMS(ESI): calcd. for C25H25NNaO4S (M+Na)
+
:
 
458.1397, found: 458.1403. 

 

     

(S)-N-(1-(benzo[d][1,3]dioxol-5-yl)-2-oxo-2-phenylethyl)-2,4,6-trimethylbenzenesulfonamide 

(4ac): 

Yellow oil (60.1 mg, 69%); Rf = 0.26 (petroleum ether/ ethyl acetate = 5:1); 

the enantiomeric excess was determined to be 92% by HPLC analysis on 

Daicel Chirapak AS-H column (hexane/isopropanol = 70/30, flow rate 1.0 

mL/min, T = 30 
o
C), UV 254 nm, tR(major) 13.729 min, tR(minor) 21.144 min; [α]D

20 
= +129.43 

(c=0.62, CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 7.84 – 7.73 (m, 2H), 7.49 (t, J = 7.4 Hz, 1H), 

7.36 (t, J = 7.8 Hz, 2H), 6.76 (s, 2H), 6.64 (dd, J = 8.0, 1.7 Hz, 1H), 6.53 (d, J = 8.0 Hz, 1H), 6.50 

(d, J = 1.7 Hz, 1H), 6.26 (d, J = 6.6 Hz, 1H), 5.85 (d, J = 6.7 Hz, 1H), 5.81 (dd, J = 5.2, 1.3 Hz, 

2H), 2.58 (s, 6H), 2.19 (s, 3H); 
13

C NMR (151 MHz, CDCl3) δ 194.31, 147.84, 147.73, 141.84, 

138.59, 134.69, 133.89, 133.77, 131.62, 129.08, 128.90, 128.68, 122.00, 108.42, 107.70, 101.24, 

61.24, 22.79, 20.76; HRMS(ESI): calcd. for C24H23NNaO5S(M+Na)
+
:
 
460.1189, found: 460.1185. 

 

     

(S)-N-(1-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)-2-oxo-2-phenylethyl)-2,4,6-trimethylbenzenes

ulfonamide (4ad): 
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Colorless oil (65.9 mg, 73%); Rf = 0.15 (petroleum ether/ethyl acetate = 5:1); 

the enantiomeric excess was determined to be 84% by HPLC analysis on 

Daicel Chirapak AS-H column (hexane/isopropanol = 70/30, flow rate 1.0 

mL/min, T = 30 
o
C), UV 254 nm, tR(major) 24.033 min tR(minor) 37.271 min; [α]D

20 
= +99.11 

(c=0.64, CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 7.80 (d, J = 7.6 Hz, 2H), 7.49 (t, J = 7.4 Hz, 

1H), 7.35 (t, J = 7.8 Hz, 2H), 6.75 (s, 2H), 6.64 – 6.52 (m, 3H), 6.24 (d, J = 6.8 Hz, 1H), 5.83 (d, J 

= 6.9 Hz, 1H), 4.11 (s, 4H), 2.58 (s, 6H), 2.19 (s, 3H); 
13

C NMR (151 MHz, CDCl3) δ 194.29, 

143.73, 143.49, 141.70, 138.61, 134.71, 133.76, 131.85, 131.59, 128.89, 128.62, 128.38, 120.95, 

117.62, 116.64, 64.21, 64.16, 60.97, 22.82, 22.78, 20.79; HRMS(ESI): calcd. for 

C25H25NNaO5S(M+Na)
+
: 474.1346;  found: 474.1348. 

 

     

(S) -2,4,6-trimetpuhyl-N-(1-(naphthalen-2-yl)-2-oxo-2-phenylethyl)benzenesulfonamide 

(4ae):  

Yellow oil (54.8 mg, 62%); Rf = 0.33 (petroleum ether/ethyl acetate = 5:1); the 

enantiomeric excess was determined to be 87% by HPLC analysis on Daicel 

Chirapak IA-H column (hexane/isopropanol = 90/10, flow rate 1.0 mL/min, T 

= 30 
o
C), UV 254 nm, tR(major) 19.689 min, tR(minor) 17.581 min; [α]D

20 
= +95.29 (c=0.70, 

CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 7.86 (d, J = 7.6 Hz, 2H), 7.65 (d, J = 7.4 Hz, 1H), 7.62 

(d, J = 7.4 Hz, 1H), 7.54 (d, J = 8.0 Hz, 2H), 7.45 (t, J = 7.4 Hz, 1H), 7.43 – 7.37 (m, 2H), 7.32 (t, 

J = 7.7 Hz, 2H), 7.16 (d, J = 8.8 Hz, 1H), 6.50 (s, 2H), 6.39 (d, J = 6.5 Hz, 1H), 6.12 (d, J = 6.6 

Hz, 1H), 2.54 (s, 6H), 1.93 (s, 3H); 
13

C NMR (151 MHz, CDCl3) δ 194.33, 141.84, 138.38, 

134.49, 133.91, 133.82, 133.02, 132.94, 132.42, 131.43, 128.96, 128.90, 128.68, 127.91, 127.50, 

127.44, 126.50, 126.32, 124.59, 61.84, 22.76, 20.55; HRMS(ESI): calcd. for 

C27H25NNaO3S(M+Na)
+
:
 
466.1447; found: 466.1448. 
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(S)-2,4,6-trimethyl-N-(1-(naphthalen-1-yl)-2-oxo-2-phenylethyl)benzenesulfonamide (4af): 

White solid (52.9 mg, 60%); m.p. = 117-120 
o
C; Rf = 0.49 (petroleum ether/ 

ethyl acetate = 5:1); the enantiomeric excess was determined to be 90% by 

HPLC analysis on Daicel Chirapak IA-H column (hexane/isopropanol = 95/5, 

flow rate 1.0mL/min, T = 30 
o
C), UV 254 nm, tR(major) 31.627 min, tR(minor) 25.249 min; [α]D

20 

= +316.53 (c=0.49, CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 8.20 (d, J = 8.4 Hz, 1H), 7.75 (d, J = 

8.0 Hz, 1H), 7.70 (d, J = 7.4 Hz, 2H), 7.68-7.65 (m, 1H), 7.54 – 7.50 (m, 1H), 7.48 (t, J = 7.5 Hz, 

1H), 7.40 (t, J = 7.4 Hz, 1H), 7.26 – 7.21 (m, 2H), 7.21 – 7.18 (m, 2H), 6.61 (d, J = 7.5 Hz, 1H), 

6.58 (s, 2H), 6.21 (d, J = 7.5 Hz, 1H), 2.50 (s, 6H), 2.12 (s, 3H); 
13

C NMR (151 MHz, CDCl3) δ 

195.53, 141.78, 138.81, 134.20, 134.19, 133.95, 133.70, 131.53, 131.13, 130.69, 129.60, 128.82, 

128.55, 128.46, 127.12, 126.98, 126.09, 125.05, 123.00, 58.76, 22.85, 20.71; HRMS(ESI): calcd. 

for C27H25NNaO3S(M+Na)
+
:
 
466.1447, found: 466.1445. 

 

     

(S)-2,4,6-trimethyl-N-(2-oxo-2-phenyl-1-(thiophen-3-yl)ethyl)benzenesulfonamide (4ag): 

Colorless oil (14.5 mg,18%); Rf =0.32 (petroleum ether/ ethyl acetate = 5:1); 

the enantiomeric excess was determined to be 82% by HPLC analysis on 

Daicel Chirapak IA-H column (hexane/isopropanol = 90/10, flow rate 1.0 
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mL/min, T = 30 
o
C), UV 254 nm, tR(major) 16.605 min tR(minor) 13.715 min; [α]D

20 
= +48.57 

(c=0.11, CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 7.79 (d, J = 7.6 Hz, 2H), 7.52 (t, J = 7.7 Hz, 

1H), 7.38 (t, J = 7.7 Hz, 2H), 7.07 (dd, J = 4.6, 3.0 Hz, 1H), 7.03 (s, 1H), 6.79 (d, J = 4.0 Hz, 1H), 

6.77 (s, 2H), 6.20 (d, J = 7.4 Hz, 1H), 6.06 (d, J = 7.5 Hz, 1H), 2.59 (s, 6H), 2.19 (s, 3H); 
13

C 

NMR (151 MHz, CDCl3) δ 194.44, 142.11, 138.67, 135.96, 134.32, 133.99, 133.85, 131.76, 

128.78, 128.70, 126.77, 126.19, 124.18, 56.64, 22.83, 20.80; HRMS(ESI): calcd. for 

C21H21NNaO3S2(M+Na)
+
: 422.0855, found: 422.0857. 

 

     

(S)-4-methyl-N-(2-oxo-1,2-diphenylethyl)benzenesulfonamide (3aa): 

Yellow solid (24.8 mg, 68%); m.p. = 108-111 
o
C; Rf = 0.37 (petroleum ether/ 

ethyl acetate = 3:1); the enantiomeric excess was determined to be 92% by 

HPLC analysis on Daicel Chirapak IA-H column (hexane/isopropanol = 70/30, flow rate 

1.0mL/min, T = 30 
o
C), UV 254 nm, tR(major) 17.227 min, tR(minor) 12.675 min; [α]D

20 
= 

+175.15 (c=0.90, CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ7.82 – 7.76 (m, 2H), 7.53 (d, J = 8.3 Hz, 

2H), 7.49 (t, J = 7.4 Hz, 1H), 7.35 (t, J = 7.8 Hz, 2H), 7.23 – 7.12 (m, 5H), 7.05 (d, J = 8.1 Hz, 

2H), 6.23 (d, J = 7.3 Hz, 1H), 5.99 (d, J = 7.4 Hz, 1H), 2.29 (s, 3H); 
13

C NMR (151 MHz, CDCl3) 

δ 194.62, 143.12, 137.47, 135.72, 133.93, 133.87, 129.35, 129.08, 128.95, 128.69, 128.47, 128.14, 

126.97, 61.7, 21.39; HRMS(ESI): calcd. for C21H19NNaO3S(M+Na)
+
: 388.0978, found: 

388.0982. 
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(S)-N-(2-oxo-1,2-diphenylethyl)benzenesulfonamide (3ab): 

Yellow oil (18.3 mg, 52%); Rf = 0.38 (petroleum ether/ ethyl acetate = 3:1); the 

enantiomeric excess was determined to be 93% by HPLC analysis on Daicel 

Chirapak IA-H column (hexane/isopropanol = 70/30, flow rate 1.0 mL/min, T = 

30 
o
C), UV 254 nm, tR(major) 14.841 min, tR(minor) 11.338 min; [α]D

20 
= +69.13 (c=0.11, 

CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 7.84 – 7.76 (m, 2H), 7.68 – 7.58 (m, 2H), 7.49 (t, J = 7.4 

Hz, 1H), 7.41 – 7.33 (m, 3H), 7.28 – 7.24 (m, 2H), 7.22 – 7.09 (m, 5H), 6.26 (d, J = 7.1 Hz, 1H), 

6.02 (d, J = 7.2 Hz, 1H); 
13

C NMR (151 MHz, CDCl3) δ 194.38, 140.51, 135.49, 133.98, 133.78, 

132.30, 129.10, 128.97, 128.72, 128.72, 128.56, 128.14, 126.86, 61.80; HRMS(ESI): calcd. for 

C20H17NNaO3S(M+Na)
+
: 374.0821, found: 374.0824. 

 

     

(S)-4-methoxy-N-(2-oxo-1,2-diphenylethyl)benzenesulfonamide (3ac): 

White solid (22.5 mg, 59%); m.p. = 78-81 
o
C; Rf = 0.25 (petroleum ether/ 

ethyl acetate =3:1); the enantiomeric excess was determined to be 93% by 

HPLC analysis on Daicel Chirapak IA-H column (hexane/isopropanol = 

70/30, flow rate 1.0mL/min, T = 30 
o
C), UV 254 nm, tR(major)19.798 min, tR(minor) 14.039 min; 

[α]D
20 

= -10.60(c=0.30, CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 7.80 (d, J = 7.5 Hz, 2H), 7.57 (d, 

J = 8.9 Hz, 2H), 7.49 (t, J = 7.4 Hz, 1H), 7.35 (t, J = 7.8 Hz, 2H), 7.18 (d, J = 5.8 Hz, 5H), 6.72 (d, 

J = 8.9 Hz, 2H), 6.23 (d, J = 7.4 Hz, 1H), 5.99 (d, J = 7.4 Hz, 1H), 3.76 (s, 3H); 
13

C NMR (151 

MHz, CDCl3) δ 194.69, 162.63, 135.69, 133.92, 133.88, 132.07, 129.09, 128.94, 128.68, 128.48, 

128.12, 113.91, 61.69, 55.51; HRMS(ESI): calcd. for C21H19NNaO4S(M+Na)
+
: 404.0927, found: 

404.0929. 
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2,4,6-trimethyl-N-((S)-1-((8R,9S,13S,14S)-13-methyl-17-oxo-7,8,9,11,12,13,14,15,16,17-decah

ydro-6H-cyclopenta[a]phenanthren-3-yl)-2-oxo-2-phenylethyl)benzenesulfonamide (6a): 

Colorless oil (72.5 mg, 63%); Rf = 0.17 (petroleum ether/ethyl acetate =5:1); 

[α]D
20 

= +130.17 (c=0.70, CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 7.82 (d, 

J = 7.8 Hz, 2H), 7.49 (t, J = 7.3 Hz, 1H), 7.36 (t, J = 7.6 Hz, 2H), 7.01 (d, J 

= 8.1 Hz, 1H), 6.94 (d, J = 8.1 Hz, 1H), 6.76 (s, 1H), 6.71 (s, 2H), 6.28 (d, J = 6.8 Hz, 1H), 5.91 (d, 

J = 6.7 Hz, 1H), 2.70 – 2.62 (m, 2H), 2.57 (s, 6H), 2.49 (dd, J = 19.1, 8.8 Hz, 1H), 2.31 – 2.25 (m, 

1H), 2.17 (s, 3H), 2.15 – 2.07 (m, 2H), 2.03 (t, J = 10.6 Hz, 1H), 1.92 (d, J = 11.0 Hz, 2H), 1.64 – 

1.55 (m, 1H), 1.48 – 1.36 (m, 4H), 1.33 – 1.27 (m, 1H), 0.89 (s, 3H); 
13

C NMR (151 MHz, 

CDCl3) δ 220.50, 194.41, 141.47, 140.14, 138.52, 136.96, 134.86, 133.87, 133.84, 132.43, 131.53, 

128.95, 128.65, 128.09, 125.79, 125.42, 61.34, 50.49, 47.87, 44.25, 37.92, 35.79, 31.53, 29.09, 

26.29, 25.56, 22.84, 21.56, 20.90, 13.85; HRMS(ESI): calcd. for C35H39NNaO4S(M+Na)
+
: 

592.2492, found: 592.2479. 

2,4,6-trimethyl-N-((R)-1-((8R,9S,13S,14S)-13-methyl-17-oxo-7,8,9,11,12,13,14,15,16,17-decah

ydro-6H-cyclopenta[a]phenanthren-3-yl)-2-oxo-2-phenylethyl)benzenesulfonamide (6b): 

Colorless oil (77.1 mg, 68%); Rf = 0.17 (petroleum ether/ ethyl acetate =5:1); 

[α]D
20 

= -23.08 (c=0.79, CH2Cl2); 
1
H NMR (600 MHz, CDCl3) δ 7.82 (d, J 

= 7.5 Hz, 2H), 7.49 (t, J = 7.2 Hz, 1H), 7.36 (t, J = 7.6 Hz, 2H), 6.98 (d, J = 

8.0 Hz, 1H), 6.89 (d, J = 7.1 Hz, 1H), 6.82 (s, 1H), 6.71 (s, 2H), 6.29 (d, J = 6.7 Hz, 1H), 5.91 (d, 

J = 6.8 Hz, 1H), 2.72 – 2.66 (m, 2H), 2.57 (s, 6H), 2.49 (dd, J = 19.1, 8.7 Hz, 1H), 2.26 (d, J = 7.1 

Hz, 1H), 2.17 (s, 3H), 2.12 (dd, J = 18.9, 9.2 Hz, 2H), 2.03 (d, J = 7.1 Hz, 1H), 1.93 (t, J = 13.8 

Hz, 2H), 1.63 – 1.55 (m, 1H), 1.48 – 1.34 (m, 4H), 1.33 – 1.28 (m, 1H), 0.87 (s, 3H); 
13

C NMR 

(151 MHz, CDCl3) δ 220.53, 194.46, 141.52, 140.10, 138.50, 137.01, 134.82, 133.87, 133.83, 
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132.44, 131.50, 128.92, 128.64, 128.25, 125.74, 125.23, 61.25, 50.48, 47.86, 44.23, 37.92, 35.79, 

31.53, 29.17, 26.27, 25.54, 22.84, 21.55, 20.91, 13.83; HRMS(ESI): calcd. for 

C35H39NNaO4S(M+Na)
+
: 592.2492, found: 592.2491. 

(S)-1-(4-fluorophenyl)-3-((3R,4S)-1-(4-fluorophenyl)-2-oxo-4-(4-((S)-2-oxo-2-phenyl-1-((2,4,6

-trimethylbenzyl)amino)ethyl)phenyl)azetidin-3-yl)propyl acetate (7a): 

Colorless oil (94.0 mg, 63%); Rf = 0.20 (petroleum ether/ ethyl 

acetate =3:1); [α]D
20 

= +18.57 (c=0.87, CH2Cl2); 
1
H NMR (600 

MHz, CDCl3) δ 7.75 (d, J = 7.4 Hz, 2H), 7.52 (t, J = 7.4 Hz, 1H), 

7.36 (t, J = 7.8 Hz, 2H), 7.26 – 7.23 (m, 2H), 7.20 (d, J = 8.2 Hz, 

2H), 7.13 (d, J = 3.2 Hz, 2H), 7.11 (d, J = 2.3 Hz, 2H), 6.99 (t, J = 8.6 Hz, 2H), 6.89 (t, J = 8.6 Hz, 

2H), 6.72 (s, 2H), 6.29 (d, J = 7.3 Hz, 1H), 5.91 (d, J = 7.3 Hz, 1H), 5.68 (t, J = 6.8 Hz, 1H), 4.47 

(d, J = 2.0 Hz, 1H), 2.92 (td, J = 7.7, 2.0 Hz, 1H), 2.57 (s, 6H), 2.14 (s, 3H), 2.03 (s, 3H), 1.99 (dd, 

J = 15.5, 7.5 Hz, 2H), 1.86 – 1.76 (m, 2H); 
13

C NMR (151 MHz, CDCl3) δ 194.66, 170.11, 

166.53, 163.26, 161.63, 159.85, 158.23, 142.17, 138.77, 137.88, 136.60, 135.64, 135.62, 134.15, 

134.10, 133.77, 133.66, 133.65, 131.73, 128.82, 128.79, 128.72, 128.24, 128.19, 126.36, 118.28, 

118.23, 115.93, 115.78, 115.60, 115.46, 74.81, 60.55, 60.50, 59.97, 33.50, 24.90, 22.82, 21.14, 

20.78; HRMS(ESI): calcd. for C43H40F2N2NaO6S(M+Na)
+
:
 
773.2467, found: 773.2463. 

(S)-1-(4-fluorophenyl)-3-((3R,4S)-1-(4-fluorophenyl)-2-oxo-4-(4-((R)-2-oxo-2-phenyl-1-((2,4,6

-trimethylbenzyl)amino)ethyl)phenyl)azetidin-3-yl)propyl acetate (7b): 

Colorless oil (82.0 mg, 55%); Rf = 0.20 (petroleum ether/ethyl 

acetate =3:1); [α]D
20 

= -113.22 (c=0.75, CH2Cl2); 
1
H NMR (600 

MHz, CDCl3) δ 7.76 (d, J = 7.3 Hz, 2H), 7.52 (t, J = 7.3 Hz, 1H), 

7.37 (t, J = 7.6 Hz, 2H), 7.22 (dd, J = 8.2, 5.3 Hz, 2H), 7.18 (d, J = 

8.1 Hz, 2H), 7.14 – 7.06 (m, 4H), 6.97 (t, J = 8.5 Hz, 2H), 6.90 (t, J = 8.5 Hz, 2H), 6.72 (s, 2H), 

6.31 (d, J = 7.1 Hz, 1H), 5.91 (d, J = 7.1 Hz, 1H), 5.66 (t, J = 6.6 Hz, 1H), 4.48 (d, J = 1.6 Hz, 1H), 

2.94 – 2.85 (m, 1H), 2.56 (s, 6H), 2.13 (s, 3H), 2.02 (s, 3H), 2.00 – 1.94 (m, 2H), 1.86 – 1.75 (m, 

2H); 
13

C NMR (151 MHz, CDCl3) δ 194.59, 170.12, 166.51, 163.25, 161.61, 159.79, 158.24, 

142.19, 138.77, 137.90, 136.50, 135.63, 135.61, 134.17, 134.12, 133.73, 133.66, 133.64, 131.74, 

128.84, 128.78, 128.74, 128.23, 128.17, 126.27, 118.28, 118.23, 115.95, 115.80, 115.59, 115.45, 
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74.75, 60.53, 60.53, 59.96, 33.55, 24.88, 22.83, 21.15, 20.77; HRMS(ESI): calcd. for 

C43H40F2N2NaO6S(M+Na)
+
: 773.2467, found: 773.2465. 

5. The synthesis of amino alcohol 9 on a gram scale 

5.1 Gram-scale synthesis of compound 3a 

 

To a 100 mL round-bottle flask were added α-keto imine precursor 1a (1.083 g, 3.0 mmol), 

phenylboronic acid 2a (548.7 mg, 4.5 mmol), Pd(TFA)2 (99.7 mg, 0.3 mmol) and chiral ligand 

L10 (95.7 mg, 0.36 mmol). After the addition of TFE (15.0 mL), the reaction mixture was stirred 

at room temperature for 10 minutes. Then, the reaction mixture was stirred at 40 
o
C in air for 24h, 

When the reaction was completed, the solvent was removed by rotary evaporation, and the residue 

was purified by flash chromatography column on silica gel (eluent: petroleum ether/ethyl acetate 

=15/1) to give the corresponding product 3a with 74% yield (870.1 mg). 

5.2 The synthesis of compounds 8 

 

To a solution of 3a (870.1 mg, 2.21 mmol) in MeOH (33.0 mL) was gradually added NaBH4 

(250.8 mg, 6.63 mmol) and stirring was continued for 30 min at room temperature. When the 

reaction was complete, it was quenched with water and extracted with DCM. The organic layer 

was dried over anhydrous Na2SO4, filtrated and concentrated under vacuum to give the product 8, 

which was pure enough not to require purification. 

N-((1S,2R)-2-hydroxy-1,2-diphenylethyl)-2,4,6-trimethylbenzenesulfonamide(8): 

White solid (853.2 mg, 98%); m.p.= 180-183
o 

C; Rf = 0.28 ( petroleum 

ether/ethyl acetate =3:1); the enantiomeric excess was determined to be 90% 

by HPLC analysis on Daicel Chirapak IA-H column (hexane/isopropanol = 

90/10, flow rate 1.0mL/min, T = 30 
o
C), UV 220 nm, tR(major) 11.965 min, tR(minor) 11.135 min; 

1
H NMR (600 MHz, CDCl3) δ 7.25 – 7.17 (m, 3H), 7.13 (t, J = 7.3 Hz, 1H), 7.06 (t, J = 7.6 Hz, 

2H), 6.98 (d, J = 6.6 Hz, 2H), 6.85 (d, J = 7.5 Hz, 2H), 6.78 (s, 2H), 5.25 (d, J = 6.7 Hz, 1H), 4.94 
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(d, J = 4.6 Hz, 1H), 4.48 – 4.40 (m, 1H), 2.45 (s, 6H), 2.23 (s, 3H); HRMS(ESI): calcd.
 
for 

C23H25NNaO3S(M+Na)
+
:
 
418.1447, found: 418.1446. 

 

     

5.3 The synthesis of compounds 9 

 

8 (853.2 mg, 2.16 mmol) placed in round-bottom flask was treated with a 0.15 M solution of 

methanesulfonic acid in TFA/thioanosole (9/1, 28 mL) at -20 ℃, and the solution was stirred for 

4h at -20 ℃. After removal volatiles under reduced pressure, the residue was extracted with 

CH2Cl2 (15 mL×3). The organic layer was separated and the aqueous phase was basified (pH > 10) 

with saturated K2CO3 and extracted with CH2Cl2. The combined organic layer was dried with 

Na2SO4, filtered, and concentrated to give the product 9 as a white solid (281.2 mg, 61%). 

(1R,2S)-2-amino-1,2-diphenylethan-1-ol (9): 

Rf  = 0.28 (petroleum ether/ethyl acetate =1:2); 
1
H NMR (600 MHz, CDCl3) δ 

7.32 – 7.27 (m, 5H), 7.26-7.18 (m, 7.8 Hz, 5H), 4.75 (d, J = 6.3 Hz, 1H), 4.17 (d, 

J = 6.3 Hz, 1H), 1.63 (s, 3H). 

6. Determination of the absolute configuration of 3a 

The absolute configuration of compound 3a was established by comparing the optical 

rotation value of its reduction product 8 with that of 8 synthesized from commercially available 

(1R, 2S)-2-amino-1,2-diphenylethan-1-ol. Note that compound 8 has been recrystallized. 

(1S, 2R)-product 8 obtained by reduction of 3a (1S, 2R)-product 8 Synthesized from optically pure (1R, 

2S)-2-amino-1,2-diphenylethan-1-ol[5] 
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HPLC spectra of compound 8： 

   

 

     

7. Research on kinetic resolution of rac-1a 

Four parallel experiments were operated under the same conditions and at the 

same time. The reactions were quenched after 2 h, 4 h, 6 h and 8 h respectively. The 

post reaction treatment was the same as the general procedure described above. The 

relevant experimental results are shown in the table below. 

 

Table S4. Ee values and yields of 1a and 3a at different reaction times 

  

Specific rotation: 

[α]D
20 = -33.99 (c= 0.15, EtOH) at 99.5% ee 

Specific rotation: 

[α]D
20 = -35.17 (c= 0.16, EtOH) at > 99.9% ee 

HPLC analysis:  

Daicel Chirapak IA-H column (hexane/isopropanol = 

90/10, flow rate 1.0mL/min, T = 30 oC), UV 220 nm, 

tR(major) 12.136 min, tR(minor) 11.30 min. 

HPLC analysis: 

Daicel Chirapak IA-H column (hexane/isopropanol =  

90/10, flow rate 1.0mL/min, T = 30 oC), UV 220 nm, 

tR(major) 11.905 min. 
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t (h) 
1a 3a 

yield (%) 
b
 ee (%) 

c
 yield (%)

 b
 ee (%)

 c
 

2 55 18 17 87 

4 30 31 32 90 

6 23 47 47 90 

8 10 48 49 90 

a Unless noted otherwise, reaction conditions: 1aa (0.10 mmol), 2a (0.15 mmol), Pd(TFA)2 (10 

mol%) and L10 (12 mol%) in TFE (0.5 mL), carried out in air at 40 oC. b Isolated yield. c 

Determined by chiral HPLC analysis. 
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9. The spectrums of 
1
H NMR and 

13
C NMR 
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