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General methods. Unless stated otherwise, all reactions were carried out in flame- 

dried glassware under a dry argon atmosphere. All solvents were purified and dried 

according to standard methods prior to use. 

1H and 13C NMR spectra were recorded on Varian instruments (300 MHz and 75 

MHz or 400 MHz and 100 MHz, respectively) and internally referenced to 

tetramethylsilane signal or residual protio solvent signals. Data for 1H NMR are 

recorded as follows: chemical shift (δ, ppm), multiplicity (s = singlet, d = doublet, t = 

triplet, q = quartet, dd = doublet of doublets, m = multiplet or unresolved, coupling 

constant(s) in Hz, integration). Data for 13C NMR are reported in terms of chemical 

shift (δ, ppm).  

The D-camphor-derived triazolium salts1 were prepared according to the reported 

procedures.  

 

 

 

 

 

 

 

 

                                                        
(1) Li, Y.; Feng, Z.; You, S-L. Chem. Commun., 2008, 2263. 
(2) (a) Khan, H. A.; Kou, K. G. M.; Dong, V. M. Chem. Sci. 2011, 2, 407. (b) Jiang, F.; Wu, Z.; 

Zhang, W. Tetrahedron 2011, 67, 1501. 
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Substrate synthesis 

General procedure for the synthesis of substrates2 

 

To a solution of substituted 2-amino-benzoic acid (30 mmol) in dry THF (40 mL) 

was added dropwise a solution of LiAlH4 in THF (1M, 60 mL) while the temperature 

was maintained at 0 °C. The resulting mixture was allowed to warm to room 

temperature and was stirred for 2 h. The mixture was then hydrolyzed by addition of 

water (2.5 mL) and 5% NaOH (7.5 mL). The resulting suspension was filtered, and 

the precipitate was washed with ethyl acetate. Then the combined organic collection 

was evaporated. The residue was recrystallized from ethyl acetate and petroleum ether, 

affording the corresponding alcohols quantitatively as a white or pale yellow solid. 

To a round-bottom flask was added the above obtained substituted 

2-aminobenzyl alcohol (20 mmol) and CH2Cl2 (12 mL). To the resulting solution were 

added sulfonyl chloride (MsCl or TsCl, 1.1 equiv.) and pyridine (2.0 mL, 26 mmol) 

dropwise at 0 oC. The reaction mixture was refluxed for 12 h (for MsCl, rt for 12h) 

and then transferred to a separatory funnel with 30 mL of water. The aqueous phase 

was extracted with CH2Cl2 (3×15 mL), and the combined organic phases washed with 

dilute acid (1×20 mL 1M HCl), water (1×20 mL), and brine (1×20 mL) respectively. 

The organic phase was separated, dried with Na2SO4 and then concentrated. After the 

removal of the solvent, the residue was crystallized from CH2Cl2/petroleum ether to 

afford the N-protected 2-aminobenzyl alcohol.  
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The N-protected 2-aminobenzyl alcohol (20 mmol) was dissolved in acetone (50 

mL) and to this mixture were added K2CO3 (3.32 g, 24 mmol, 1.2 equiv.) and 

substituted 2-bromoacetophenone (21.0 mmol, 1.05 equiv.). The resulting suspension 

was stirred at rt. Upon completion (about 24 h, monitored by TLC), 50 mL of water 

was added to the reaction mixture. Then the acetone in the reaction mixture was 

evaporated. The reasulting aqueous phase was extracted with EtOAc (3×25 mL) and 

the combined organic phases were washed with brine (20 mL). The organic phase was 

dried (Na2SO4) and concentrated. The residue was purified by column 

chromatography on silica gel to afford the product (eluent: ethyl acetate/petroleum 

ether = 1/3). 

The keto-alcohol (3 mmol) was dissolved in CH2Cl2 (30 mL). To this mixture was 

added DMP (2.54 g, 6 mmol, 2 equiv.) at 0 oC and the resulting suspension was stirred 

at rt for about 3 h. After the oxidation was complete (monitored by TLC), 20 mL of 

saturated Na2SO3 (aq) was added to the reaction mixture at 0 oC. The reaction mixture 

was extracted with CH2Cl2 (3×15 mL). The solvent was removed under reduced 

pressure, and the crude keto-aldehyde was recrystallized from CH2Cl2/petroleum ether 

to give the product as white solid (30-61% total yield).  

1a 
N-(2-Formylphenyl)-4-methyl-N-(2-oxo-2-phenylethyl)benzenesulfonamide2a 
White solid, 54% yield. 1H NMR (300 MHz, CDCl3) δ 10.46 (s, 1H), 7.98 (t, J = 4.8 

Hz, 1H), 7.88 (d, J = 7.8 Hz, 2H), 7.60 (t, J = 7.5 Hz, 1H), 7.56-7.39 (m, 6H), 7.31 (d, 

J = 8.1 Hz, 2H), 6.97-6.84 (m, 1H), 5.30 (brs, 1H), 4.92 (brs, 1H), 2.47 (s, 3H). 

N

O

O

Me
H

Ts 1b  

N-(2-Formylphenyl)-4-methyl-N-(2-oxo-2-(p-tolyl)ethyl)benzenesulfonamide 

White solid, 61% yield. M.p. 192-194 oC. 1H NMR (400 MHz, CDCl3) δ 10.50 (s, 
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1H), 7.99-7.92 (m, 1H), 7.77 (d, J = 8.0 Hz, 2H), 7.49 (d, J = 8.0 Hz, 2H), 7.45-7.39 

(m, 2H), 7.29 (d, J = 8.4 Hz, 2H) 7.24 (d, J = 8.0 Hz, 2H), 6.91-6.84 (m, 1H), 5.30 

(brs, 1H), 4.85 (brs, 1H), 2.45 (s, 3H), 2.39 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 

192.3, 190.5, 145.0, 144.4, 141.3, 135.8, 134.2, 133.9, 132.1, 129.7, 129.5, 128.81, 

128.76, 128.1, 128.0, 127.9, 57.1, 21.7, 21.6; IR (thin film): νmax (cm-1) = 2974, 2925, 

1694, 1684, 1605, 1596, 1342, 1270, 1157, 978, 874, 811, 724, 661; MS (ESI-TOF) 

408 ([M+H]+); HRMS (ESI-TOF) calcd for C23H22NO4S ([M+H]+): 408.1264. Found: 

408.1257. 

N

O

O

OMe
H

Ts 1c 

N-(2-Formylphenyl)-N-(2-(4-methoxyphenyl)-2-oxoethyl)-4-methylbenzenesulfon

amide 

White solid, 30% yield. M.p. 193-195 oC. 1H NMR (400 MHz, CDCl3) δ 10.46 (s, 

1H), 8.00-7.94 (m, 1H), 7.91-7.84 (m, 2H), 7.50 (d, J = 8.0 Hz, 2H), 7.46-7.40 (m, 

2H), 7.30 (d, J = 8.0 Hz, 2H), 6.97-6.86 (m, 3H), 5.30 (brs, 1H), 4.82 (brs, 1H), 3.87 

(s, 3H), 2.46 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 191.0, 190.5, 164.1, 144.4, 141.3, 

135.8, 134.2, 133.9, 130.5, 129.7, 128.8, 128.8, 128.0, 127.9, 127.5, 114.0, 56.9, 55.5, 

21.6; IR (thin film): νmax (cm-1) = 1682, 1598, 1340, 1218, 1187, 981, 874, 833, 728, 

661; MS (ESI-TOF) 424 ([M+H]+); HRMS (ESI-TOF) calcd for C23H22NO5S 

([M+H]+): 424.1213. Found: 424.1211. 

1d 

N-(2-(4-Fluorophenyl)-2-oxoethyl)-N-(2-formylphenyl)-4-methylbenzenesulfona

mide 

White solid, 58% yield. M.p. 209-210 oC. 1H NMR (400 MHz, CDCl3) δ 10.46 (s, 

1H), 8.02-7.86 (m, 3H), 7.49 (d, J = 8.4 Hz, 2H),7.46-7.40 (m, 2H), 7.30 (d, J = 8.4 

Hz, 2H), 7.13 (t, J = 8.4 Hz, 2H), 6.94-6.87 (m, 1H), 5.30 (brs, 1H), 4.85 (brs, 1H), 
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2.46 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 191.2, 190.4, 166.1 (d, J = 255.2 Hz), 

144.6, 141.1, 135.7, 134.1, 134.0, 131.0 (d, J = 3.0 Hz), 130.4 (d, J = 9.4 Hz), 129.7, 

128.9, 128.05, 127.99, 116.1 (d, J = 21.9 Hz), 57.1, 21.6; IR (thin film): νmax (cm-1) = 

1687, 1594, 1341, 1220, 1156, 1087, 830, 727, 661; MS (ESI-TOF) 412 ([M+H]+); 

HRMS (ESI-TOF) calcd for C22H19FNO4S ([M+H]+): 412.1013. Found: 412.1013. 

N

O

O

Cl
H

Ts 1e  

N-(2-(4-Chlorophenyl)-2-oxoethyl)-N-(2-formylphenyl)-4-methylbenzenesulfona

mide 

White solid, 40% yield. M.p. 196-198 oC. 1H NMR (400 MHz, CDCl3) δ 10.47 (s, 

1H), 8.04-7.93 (m, 1H), 7.83 (d, J = 8.4 Hz, 2H), 7.48 (d, J = 8.4 Hz, 2H), 7.46-7.40 

(m, 4H), 7.30 (d, J = 8.4 Hz, 2H), 6.97-6.90 (m, 1H), 5.30 (brs, 1H), 4.85 (brs, 1H), 

2.46 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 191.6, 190.4, 144.6, 141.1, 140.5, 135.7, 

134.1, 134.0, 132.9, 129.7, 129.4, 129.2, 129.0, 128.1, 128.0, 57.2, 21.6; IR (thin 

film): νmax (cm-1) = 1686, 1593, 1399, 1342, 1217, 1158, 984, 876, 818, 729, 662; MS 

(ESI-TOF) 428 ([M+H]+); HRMS (ESI-TOF) calcd for C22H19ClNO4S ([M+H]+): 

428.0718. Found: 428.0709. 

N
Ts

O

O

Br
H

 1f 
N-(2-(4-Bromophenyl)-2-oxoethyl)-N-(2-formylphenyl)-4-methylbenzenesulfona
mide 
White solid, 52% yield. M.p. 211-213 oC. 1H NMR (400 MHz, CDCl3) δ 10.47 (s, 

1H), 8.02-7.92 (m, 1H), 7.75 (d, J = 8.8 Hz, 2H), 7.60 (d, J = 8.8 Hz, 2H), 7.48 (d, J = 

8.4 Hz, 2H),7.46-7.41 (m, 2H), 7.30 (d, J = 8.0 Hz, 2H), 6.95-6.87 (m, 1H), 5.30 (brs, 

1H), 4.89 (brs, 1H), 2.46 (s, 3H) ; 13C NMR (100 MHz, CDCl3) δ 191.8, 190.3, 144.6, 

141.1, 135.7, 134.1, 134.0, 133.3, 132.2, 129.7, 129.5, 129.3, 129.00, 128.98, 128.1, 

128.0, 57.2, 21.6; IR (thin film): νmax (cm-1) = 3060, 2949, 1682, 1581, 1396, 1213, 

1155, 812, 724, 659; MS (ESI-TOF) 472 ([M+H]+); HRMS (ESI-TOF) calcd for 
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C22H19BrNO4S ([M+H]+): 472.0213. Found: 472.0200. 

 1g 

N-(2-(3-Chlorophenyl)-2-oxoethyl)-N-(2-formylphenyl)-4-methylbenzenesulfona

mide 

White solid, 51% yield. M.p. 171-173 oC. 1H NMR (400 MHz, CDCl3) δ 10.50 (s, 

1H), 8.02-7.95 (m, 1H), 7.80-7.82 (m, 2H), 7.49 (d, J = 8.0 Hz, 2H), 7.47-7.42 (m, 

2H), 7.40 (d, J = 8.0 Hz, 2H), 7.30 (d, J = 8.4 Hz, 2H), 6.95-6.85 (m, 1H), 5.30 (brs, 

1H), 4.91 (brs, 1H), 2.46 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 191.6, 190.4, 144.6, 

141.1, 136.0, 135.7, 135.2, 134.1, 134.0, 133.9, 130.2, 129.7, 129.0, 128.11, 128.05, 

127.97, 126.1, 57.3, 21.6; IR (thin film): νmax (cm-1) = 1702, 1676, 1339, 1213, 1157, 

870, 818, 721, 659; MS (ESI-TOF) 445 ([M+H]+); HRMS (ESI-TOF) calcd for 

C22H22ClN2O4S ([M+H]+): 445.0983. Found: 445.0971. 

 1h  

N-(2-Formylphenyl)-4-methyl-N-(2-(naphthalen-2-yl)-2-oxoethyl)benzenesulfona

mide 

White solid, 44% yield. M.p. 210-211 oC. 1H NMR (400 MHz, CDCl3) δ 10.52 (s, 

1H), 8.43 (s, 1H), 8.03-7.85 (m, 5H), 7.68-7.56 (m, 2H), 7.56-7.50 (d, J = 8.0 Hz, 2H), 

7.50-7.41 (m, 2H), 7.32 (d, J = 8.0 Hz, 2H), 7.05-6.93 (m, 1H), 5.30 (brs, 1H), 5.08 

(brs, 1H), 2.47 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 192.6, 190.5, 144.5, 141.3, 

135.8, 135.8, 134.3, 134.0, 132.3, 131.9, 129.9, 129.7, 129.6, 129.00, 128.95, 128.92, 

128.86, 128.3, 128.1, 127.9, 127.1, 123.4, 57.4, 21.7; IR (thin film): νmax (cm-1) = 

1683, 1343, 1158, 862, 818, 753, 723, 692, 660; MS (ESI-TOF) 444 ([M+H]+); 

HRMS (ESI-TOF) calcd for C26H22NO4S ([M+H]+): 444.1264. Found: 444.1264. 
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 1i  

N-(2-Cyclopropyl-2-oxoethyl)-N-(2-formylphenyl)-4-methylbenzenesulfonamide 

White solid, 50% yield. M.p. 133-135 oC. 1H NMR (400 MHz, CDCl3) δ 10.56 (d, J = 

0.4 Hz, 1H), 8.03-7.95 (m, 1H), 7.49-7.40 (m, 4H), 7.30-7.26 (m, 2H), 6.85-6.76 (m, 

1H), 4.80 (brs, 1H), 4.45 (brs, 1H), 2.45 (s, 3H), 2.05-1.95 (m, 1H), 1.06-0.84 (m, 4H); 
13C NMR (100 MHz, CDCl3) δ 203.5, 190.4, 144.5, 141.5, 135.6, 133.9, 129.6, 128.8, 

128.7, 127.9, 127.6, 60.4, 21.6, 18.3, 11.6; IR (thin film): νmax (cm-1) = 1706, 1681, 

1594, 1345, 1160, 894, 814, 721, 663; MS (ESI-TOF) 358 ([M+H]+); HRMS 

(ESI-TOF) calcd for C19H20NO4S ([M+H]+): 358.1108. Found: 358.1111. 

 1j  

N-(3,3-Dimethyl-2-oxobutyl)-N-(2-formylphenyl)-4-methylbenzenesulfonamide 

White solid, 58% yield. M.p. 122-124 oC. 1H NMR (400 MHz, CDCl3) δ 10.56 (s, 

1H), 8.02-7.96 (m, 1H), 7.54-7.38 (m, 4H), 7.27 (d, J = 7.6 Hz, 2H), 6.94-6.86 (m, 

1H), 4.67 (brs, 2H), 2.44 (s, 3H), 1.11 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 207.9, 

190.9, 144.3, 141.5, 135.8, 134.4, 133.8, 129.6, 128.6, 128.5, 127.7, 127.5, 55.1, 43.2, 

25.9, 21.5. IR (thin film): νmax (cm-1) = 2964, 1718, 1684, 1596, 1343, 1158, 873, 824, 

725, 660; MS (ESI-TOF) 391 ([M+NH4]+); HRMS (ESI-TOF) calcd for C20H27N2O4S 

([M+NH4]+): 391.1686. Found: 391.1693. 

 1k  

N-(4-Fluoro-2-formylphenyl)-4-methyl-N-(2-oxo-2-phenylethyl)benzenesulfonam

ide 

White solid, 38% yield. M.p. 192-194 oC. 1H NMR (400 MHz, CDCl3) δ 10.46 (d, J = 

2.8 Hz, 1H), 7.86 (d, J = 7.2 Hz, 2H), 7.63 (dd, J = 8.8, 3.2 Hz, 1H), 7.59 (d, J = 7.2 
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Hz, 1H), 7.54-7.41 (m, 4H), 7.32 (d, J = 8.0 Hz, 2H), 7.15-7.05 (m, 1H), 6.86 (dd, J = 

8.8, 4.4 Hz, 1H), 5.38 (d, J = 15.6 Hz, 1H), 4.83 (d, J = 15.6 Hz, 1H), 2.47 (s, 3H); 
13C NMR (100 MHz, CDCl3) δ 192.6, 189.3, 162.1 (d, J = 250.6 Hz), 144.7, 137.9 (d, 

J = 6.8 Hz), 137.1 (d, J = 3.3 Hz), 134.4, 134.1, 134.0, 130.0 (d, J = 9.1 Hz), 129.80, 

128.89, 127.95, 127.93, 120.8 (d, J = 23.2 Hz), 115.1 (d, J = 23.4 Hz), 57.2, 21.6; IR 

(thin film): νmax (cm-1) = 1698, 1683, 1594, 1492, 1343, 1158, 983, 875, 813, 756, 693, 

667; MS (ESI-TOF) 429 ([M+NH4]+); HRMS (ESI-TOF) calcd for C22H22FN2O4S 

([M+NH4]+): 429.1279. Found: 429.1289. 

 1l  

N-(4-Chloro-2-formylphenyl)-4-methyl-N-(2-oxo-2-phenylethyl)benzenesulfonam

ide 

White solid, 46% yield. M.p. 152-154 oC. 1H NMR (400 MHz, CDCl3) δ 10.45 (s, 

1H), 7.93 (d, J = 2.4 Hz, 1H), 7.86 (dd, J = 8.0, 1.2 Hz, 2H), 7.60 (t, J = 7.6 Hz, 1H), 

7.53-7.43 (m, 4H), 7.37 (dd, J = 8.4, 2.8 Hz, 1H), 7.32 (d, J = 8.4 Hz, 2H), 6.80 (d, J 

= 8.8 Hz, 1H), 5.35 (brs, 1H), 4.82 (brs, 1H), 2.47 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 192.5, 189.1, 144.8, 139.6, 137.1, 135.3, 134.4, 134.1, 133.9, 133.7, 129.8, 

129.2, 128.9, 128.7, 128.0, 127.9, 57.0, 21.7; IR (thin film): νmax (cm-1) = 1698, 1681, 

1597, 1344, 1219, 1159, 870, 814, 750, 727, 687, 666; MS (ESI-TOF) 428 ([M+H]+); 

HRMS (ESI-TOF) calcd for C22H19ClNO4S ([M+H]+): 428.0718. Found: 428.0713. 

1m  

N-(4-Bromo-2-formylphenyl)-4-methyl-N-(2-oxo-2-phenylethyl)benzenesulfonam

ide 

White solid, 40% yield. M.p. 178-180 oC. 1H NMR (400 MHz, CDCl3) δ 10.45 (s, 

1H), 8.09 (d, J = 2.4 Hz, 1H), 7.86 (dd, J = 8.4, 1.2 Hz, 2H), 7.60 (t, J = 7.2 Hz, 1H), 

7.55-7.39 (m, 5H), 7.32 (d, J = 8.0 Hz, 2H), 6.72 (d, J = 8.4 Hz, 1H), 5.35 (brs, 1H), 
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4.82 (brs, 1H), 2.47 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 192.4, 189.1, 144.8, 

140.1, 137.2, 136.6, 134.4, 134.1, 133.9, 131.8, 129.9, 129.3, 128.9, 128.0, 127.9, 

123.2, 56.9, 21.7; IR (thin film): νmax (cm-1) = 1697, 1682, 1596, 1343, 1219, 1158, 

865, 814, 751, 725, 691, 664; MS (ESI-TOF) 472 ([M+H]+); HRMS (ESI-TOF) calcd 

for C22H19BrNO4S ([M+H]+): 472.0213. Found: 472.0206. 

 1n 

N-(5-Chloro-2-formylphenyl)-4-methyl-N-(2-oxo-2-phenylethyl)benzenesulfonam

ide 

White solid, 41% yield. M.p. 189-190 oC. 1H NMR (400 MHz, CDCl3) δ 10.47 (s, 

1H), 7.93 (d, J = 8.4 Hz, 1H), 7.87 (d, J = 7.2 Hz, 2H), 7.60 (t, J = 7.2 Hz, 1H), 

7.54-7.43 (m, 4H), 7.41 (dd, J = 8.4, 1.6 Hz, 1H), 7.34 (d, J = 8.0 Hz, 2H), 6.84 (d, J 

= 2.0 Hz, 1H), 5.30 (brs, 1H), 4.87 (brs, 1H), 2.48 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 192.2, 189.4, 144.9, 142.4, 139.6, 134.40, 134.36, 134.1, 133.8, 129.9, 

129.8, 129.3, 128.9, 128.2, 127.95, 127.92, 57.0, 21.6; IR (thin film): νmax (cm-1) = 

1685, 1586, 1353, 1214, 1159, 982, 889, 836, 809, 754, 725, 670; MS (ESI-TOF) 445 

([M+NH4]+); HRMS (ESI-TOF) calcd for C22H22ClN2O4S ([M+NH4]+): 445.0983. 

Found: 445.0978. 

1o  

N-(2-Formyl-4-methylphenyl)-4-methyl-N-(2-oxo-2-phenylethyl)benzenesulfona

mide 

White solid, 50% yield. M.p. 198-200 oC. 1H NMR (400 MHz, CDCl3) δ 10.44 (s, 

1H), 7.87 (d, J = 8.0 Hz, 2H), 7.76 (d, J = 1.6 Hz, 1H), 7.58 (t, J = 7.6 Hz, 1H), 7.50 

(d, J = 7.6 Hz, 2H), 7.45 (t, J = 7.6 Hz, 2H), 7.30 (d, J = 8.4 Hz, 2H), 7.23 (dd, J = 8.0, 

2.0 Hz, 1H), 6.76 (d, J = 8.0 Hz, 1H), 5.32 (brs, 1H), 4.83 (brs, 1H), 2.46 (s, 3H), 2.36 

(s, 3H); 13C NMR (100 MHz, CDCl3) δ 192.8, 190.8, 144.4, 139.1, 138.7, 135.3, 
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134.64, 134.59, 134.2, 133.9, 129.6, 129.1, 128.8, 128.00, 127.97, 127.7, 57.2, 21.6, 

21.0; IR (thin film): νmax (cm-1) = 1695, 1677, 1598, 1343, 1215, 1159, 983, 874, 815, 

752, 691, 667; MS (ESI-TOF) 408 ([M+H]+); HRMS (ESI-TOF) calcd for 

C23H22NO4S ([M+H]+): 408.1264. Found: 408.1265. 

N

O

O

MeO
H

Ts 1p  

N-(2-Formyl-4-methoxyphenyl)-4-methyl-N-(2-oxo-2-phenylethyl)benzenesulfon

amide 

White solid, 48% yield. M.p. 202-204 oC. 1H NMR (400 MHz, CDCl3) δ 10.42 (s, 

1H), 7.88 (d, J = 7.2 Hz, 2H), 7.59 (t, J = 7.2 Hz, 1H), 7.51 (d, J = 8.0 Hz, 2H), 

7.47-7.40 (m, 3H), 7.30 (d, J = 8.4 Hz, 2H), 6.94 (dd, J = 8.8, 2.8 Hz, 1H), 6.78 (d, J 

= 8.8 Hz, 1H), 5.35 (d, J = 17.2 Hz, 1H), 4.79 (d, J = 16.8 Hz, 1H), 3.83 (s, 3H), 2.46 

(s, 3H); 13C NMR (100 MHz, CDCl3) δ 192.9, 190.4, 159.5, 144.4, 136.7, 134.6, 

134.2, 133.94, 133.93, 129.7, 129.3, 128.8, 128.0, 121.1, 111.2, 57.3, 55.7, 21.6; IR 

(thin film): νmax (cm-1) = 1688, 1675, 1599, 1495, 1340, 1214, 1157, 981, 875, 813, 

753, 693, 666; MS (ESI-TOF) 441 ([M+NH4]+); HRMS (ESI-TOF) calcd for 

C23H25N2O5S ([M+NH4]+): 441.1479. Found: 441.1484. 

 1q 
N-(2-Formylphenyl)-N-(2-oxo-2-phenylethyl)methanesulfonamide2a 
White solid, 43% yield. 1H NMR (400 MHz, CDCl3) δ 10.49 (s, 1H), 7.99 (dd, J = 7.8, 

1.6 Hz, 1H), 7.95-7.85 (m, 2H), 7.77 (d, J = 8.0 Hz, 1H), 7.70-7.55 (m, 2H), 7.53 (d, J 

= 7.6 Hz, 1H), 7.50-7.42 (m, 2H), 5.26 (brs, 2H), 3.21 (s, 3H). 

 

General procedure for N-heterocyclic carbene-catalyzed enantioselective 

intramolecular N-tethered aldehyde-ketone benzoin reactions 
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A flame-dried Schlenk tube was cooled to room temperature and filled with argon. To 

this flask were added triazolium salt E (14.6 mg, 0.03 mmol, 15 mol%), dioxane (4.0 

mL), NaOAc (1.6 mg, 0.02 mmol, 10 mol%). The reaction mixture was stirred at 

room temperature for 60 min. The substrate 1 (0.2 mmol) was then added. After the 

reaction was complete (monitored by TLC), the reaction mixture was concentrated 

under reduced pressure. The residue was purified by column chromatography on silica 

gel to afford the product (eluent: ethyl acetate/petrol ether = 1/4). 

2a 

(R)-3-Hydroxy-3-phenyl-1-tosyl-2,3-dihydroquinolin-4(1H)-one 

White solid, 76% yield, 92% ee [Daicel Chiralpak AD-H, n-hexane/2-propanol = 

80/20, v = 1.0 mL⋅min-1, λ = 254 nm, t (minor) = 19.4 min, t (major) = 28.2 min]; 

[α]D
20 = +166 (c = 0.2, CHCl3). M.p. 106-108 oC. 1H NMR (400 MHz, CDCl3) δ 8.11 

(dd, J = 8.0, 1.6 Hz, 1H), 7.68 (d, J = 8.4 Hz, 1H), 7.50-7.41 (m, 1H), 7.40-7.27 (m, 

7H), 7.20-7.06 (m, 3H), 5.11 (d, J = 13.2 Hz, 1H), 4.06 (s, 1H), 3.94 (d, J = 13.2 Hz, 

1H), 2.35 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 195.8, 144.4, 142.8, 138.8, 135.6, 

135.3, 129.7, 128.72, 128.69, 127.4, 126.5, 123.4, 121.5, 118.6, 75.3, 55.1, 21.4; IR 

(thin film): νmax (cm-1) = 3481, 2921, 2851, 1683, 1596, 1492, 1448, 1153, 1055, 1035, 

905, 749, 697; MS (ESI-TOF) 411 ([M+NH4]+); HRMS (ESI-TOF) calcd for 

C22H23N2O4S ([M+NH4]+): 411.1373. Found: 411.1367. 

2b 
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(R)-3-Hydroxy-3-(p-tolyl)-1-tosyl-2,3-dihydroquinolin-4(1H)-one 

White solid, 71% yield, 90% ee [Daicel Chiralpak AD-H, n-hexane/2-propanol = 

60/40, v = 0.7 mL⋅min-1, λ = 254 nm, t (minor) = 14.7 min, t (major) = 20.5 min]; 

[α]D
20 = +158 (c = 0.2, CHCl3). M.p. 88-90 oC. 1H NMR (300 MHz, CDCl3) δ 8.09 

(dd, J = 7.8, 1.5 Hz, 1H), 7.69 (d, J = 8.6 Hz, 1H), 7.44 (dt, J = 7.2, 1.5 Hz, 1H), 7.34 

(d, J = 8.1 Hz, 2H), 7.27-7.18 (d, J = 8.1 Hz, 2H), 7.16-7.05 (m, 5H), 5.10 (d, J = 13.2 

Hz, 1H), 3.90 (d, J = 13.2 Hz, 1H), 3.76 (s, 1H), 2.34 (s, 3H), 2.33 (s, 3H); 13C NMR 

(75 MHz, CDCl3) δ 195.9, 144.4, 142.8, 138.6, 135.6, 135.5, 135.3, 129.6, 129.4, 

128.7, 127.4, 126.4, 123.4, 121.4, 118.6, 75.1, 55.0, 21.5, 21.1; IR (thin film): νmax 

(cm-1) = 1696, 1596, 1477, 1456, 1340, 1158, 911, 816, 775, 750, 697; MS (ESI-TOF) 

425 ([M+NH4]+); HRMS (ESI-TOF) calcd for C23H25N2O4S (M+NH4]+): 425.1530. 

Found: 425.1537. 

2c  

(R)-3-Hydroxy-3-(4-methoxyphenyl)-1-tosyl-2,3-dihydroquinolin-4(1H)-one 

Pale yellow solid, 54% yield, 88% ee [Daicel Chiralpak AD-H, n-hexane/2-propanol 

= 60/40, v = 0.7 mL⋅min-1, λ = 254 nm, t (minor) = 21.7 min, t (major) = 30.1 min]; 

[α]D
20 = +148 (c = 0.1, CHCl3). M.p. 56-58 oC. 1H NMR (400 MHz, CDCl3) δ 8.10 

(dd, J = 8.0, 1.6 Hz, 1H), 7.71 (d, J = 8.8 Hz, 1H), 7.48-7.42 (m, 1H), 7.38 (d, J = 8.4 

Hz, 2H), 7.27 (d, J = 8.8 Hz, 2H), 7.18-7.09 (m, 3H), 6.82 (d, J = 8.8 Hz, 2H), 5.09 (d, 

J = 12.8 Hz, 1H), 3.89 (d, J = 12.8 Hz, 1H), 3.78 (s, 3H), 2.35 (s, 3H); 13C NMR (100 

MHz, CDCl3) δ 195.9, 159.9, 144.4, 142.8, 135.6, 135.4, 130.5, 129.7, 128.8, 127.9, 

127.4, 123.4, 121.4, 118.6, 114.1, 74.9, 55.2, 55.0, 21.5; IR (thin film): νmax (cm-1) = 

3481, 2958, 2922, 2853, 1688, 1598, 1353, 1161, 911, 810, 752, 699; MS (ESI-TOF) 

441 ([M+NH4]+); HRMS (ESI-TOF) calcd for C23H25N2O5S ([M+NH4]+): 441.1479. 

Found: 441.1492. 
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2d  

(R)-3-(4-Fluorophenyl)-3-hydroxy-1-tosyl-2,3-dihydroquinolin-4(1H)-one 

White solid, 65% yield, 91% ee [Daicel Chiralpak AD-H, n-hexane/2-propanol = 

60/40, v = 0.7 mL⋅min-1, λ = 254 nm, t (minor) = 11.9 min, t (major) = 15.1 min]; 

[α]D
20 = +156 (c = 0.2, CHCl3). M.p. 93-94 oC. 1H NMR (300 MHz, CDCl3) δ 8.09 (d, 

J = 7.8 Hz, 1H), 7.73 (d, J = 8.7 Hz, 1H), 7.49 (d, J = 7.5 Hz, 1H), 7.43 (d, J = 8.1 Hz, 

2H), 7.38-7.25 (m, 2H), 7.22-7.08 (m, 3H), 6.96 (t, J = 8.7 Hz, 2H), 5.02 (d, J = 12.9 

Hz, 1H), 4.16 (s, 1H), 3.91 (d, J = 12.9 Hz, 1H), 2.36 (s, 3H); 13C NMR (75 MHz, 

CDCl3) δ 195.5, 162.8 (d, J = 246.8 Hz), 144.6, 142.9, 135.8, 135.5, 134.5 (d, J = 3.2 

Hz), 129.8, 128.8, 128.4 (d, J = 8.3 Hz), 127.2, 123.6, 121.3, 118.7, 115.6 (d, J = 21.3 

Hz), 74.7, 55.3, 21.5; IR (thin film): νmax (cm-1) = 1691, 1597, 1508, 1459, 1345, 1159, 

912, 836, 778, 750, 724; MS (ESI-TOF) 429 ([M+H]+); HRMS (ESI-TOF) calcd for 

C22H22FN2O4S ([M+NH4]+): 429.1279. Found: 429.1279. 

2e  

(R)-3-(4-Chlorophenyl)-3-hydroxy-1-tosyl-2,3-dihydroquinolin-4(1H)-one 

Pale yellow oil, 71% yield, 91% ee [Daicel Chiralpak AD-H, n-hexane/2-propanol = 

60/40, v = 0.7 mL⋅min-1, λ = 254 nm, t (minor) = 12.7 min, t (major) = 17.9 min]; 

[α]D
20 = +97 (c = 0.2, CHCl3). 1H NMR (300 MHz, CDCl3) δ 8.09 (d, J = 7.8 Hz, 1H), 

7.78 (d, J = 8.4 Hz, 1H), 7.50 (t, J = 8.1 Hz, 1H), 7.39 (d, J = 8.1 Hz, 2H), 7.24 (s, 

4H), 7.20-7.10 (m, 3H), 5.01 (d, J = 13.2 Hz, 1H), 3.92 (d, J = 13.2 Hz, 1H), 3.90 (s, 

1H), 2.37 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 195.3, 144.6, 143.0, 137.3, 135.9, 

135.4, 134.8, 129.8, 128.9, 128.8, 127.9, 127.1, 123.6, 121.3, 118.8, 74.7, 55.4, 21.5; 

IR (thin film): νmax (cm-1) = 1689, 1597, 1477, 1458, 1352, 1161, 911, 812, 751, 701; 

MS (ESI-TOF) 445 ([M+NH4]+); HRMS (ESI-TOF) calcd for C22H22ClN2O4S 

([M+NH4]+): 445.0983. Found: 445.0986. 



S15 

2f  

(R)-3-(4-Bromophenyl)-3-hydroxy-1-tosyl-2,3-dihydroquinolin-4(1H)-oneWhite 

solid, 65% yield, 91% ee [Daicel Chiralpak AD-H, n-hexane/2-propanol = 60/40, v = 

0.7 mL⋅min-1, λ = 254 nm, t (minor) = 13.6 min, t (major) = 20.9 min]; [α]D
20 = +121 

(c = 0.2, CHCl3). M.p. 62-64 oC. 1H NMR (400 MHz, CDCl3) δ 8.10 (d, J = 7.2 Hz, 

1H), 7.79 (d, J = 8.8 Hz, 1H), 7.50 (t, J = 7.2 Hz, 1H), 7.45-7.32 (m, 3H), 7.17 (d, J = 

7.6 Hz, 4H), 5.01 (d, J = 13.2 Hz, 1H), 4.10 (s, 1H), 3.92 (d, J = 13.2 Hz, 1H), 2.38 (s, 

3H); 13C NMR (100 MHz, CDCl3) δ 195.3, 144.7, 143.0, 137.9, 135.9, 135.4, 131.8, 

129.8, 128.9, 128.2, 127.2, 123.6, 123.1, 121.3, 118.8, 74.8, 55.3, 21.6; IR (thin film): 

νmax (cm-1) = 1685, 1596, 1476, 1458, 1344, 1159, 910, 812, 750, 721; MS (ESI-TOF) 

489 ([M+NH4]+); HRMS (ESI-TOF) calcd for C22H22BrN2O4S [M+NH4]+): 489.0478. 

Found: 489.0478. 

 2g 

(R)-3-(3-Chlorophenyl)-3-hydroxy-1-tosyl-2,3-dihydroquinolin-4(1H)-one 

White solid, 55% yield, 92% ee [Daicel Chiralpak AD-H, n-hexane/2-propanol = 

60/40, v = 0.7 mL⋅min-1, λ = 254 nm, t (minor) = 13.1 min, t (major) = 17.4 min]; 

[α]D
20 = +87 (c = 0.2, CHCl3). M.p. 53-54 oC. 1H NMR (400 MHz, CDCl3) δ 8.10 (dd, 

J = 8.0, 1.6 Hz, 1H), 7.77 (d, J = 8.4 Hz, 1H), 7.55-7.46 (m, 1H), 7.44 (d, J = 8.0 Hz, 

2H), 7.34-7.09 (m, 7H), 4.97 (d, J = 13.2 Hz, 1H), 4.08 (s, 1H), 3.95 (d, J = 13.2 Hz, 

1H), 2.37 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 195.0, 144.7, 143.1, 140.9, 136.0, 

135.5, 134.6, 130.0, 129.8, 129.0, 128.9, 127.2, 126.7, 124.7, 123.7, 121.4, 119.0, 

74.9, 55.5, 21.5; IR (thin film): νmax (cm-1) = 1687, 1597, 1475, 1458, 1348, 1161, 913, 

812, 751, 702; MS (ESI-TOF) 445 ([M+NH4]+); HRMS (ESI-TOF) calcd for 

C22H22ClN2O4S ([M+NH4]+): 445.0983. Found: 445.0998. 
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 2h 

(R)-3-Hydroxy-3-(naphthalen-2-yl)-1-tosyl-2,3-dihydroquinolin-4(1H)-one 

White solid, 61% yield, 90% ee [Daicel Chiralpak AD-H, n-hexane/2-propanol = 

60/40, v = 0.7 mL⋅min-1, λ = 254 nm, t (minor) = 19.9 min, t (major) = 37.7 min]; 

[α]D
20 = +128 (c = 0.2, CHCl3). M.p. 93-95 oC. 1H NMR (400 MHz, CDCl3) δ 8.17 

(dd, J = 8.0, 2.0 Hz, 1H), 7.86 (d, J = 8.8 Hz, 1H), 7.83 (d, J = 8.0 Hz, 1H), 7.79 (dt, J 

= 8.4, 0.4 Hz, 1H), 7.66 (dd, J = 8.8, 2.0 Hz, 1H), 7.55 (d, J = 7.6 Hz, 1H), 7.53-7.44 

(m, 2H), 7.44-7.38 (m, 2H), 7.17 (t, J = 8.0 Hz, 1H), 7.07 (d, J = 8.4 Hz, 2H), 6.63 (d, 

J = 8.0 Hz, 2H), 5.23 (d, J = 13.6 Hz, 1H), 4.17 (s, 1H), 4.02 (d, J = 13.6 Hz, 1H), 

2.14 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 196.0, 144.2, 143.0, 136.4, 135.8, 135.1, 

133.2, 132.7, 129.3, 128.9, 128.8, 128.4, 127.5, 127.2, 126.7, 126.2, 125.8, 124.1, 

123.5, 121.7, 118.9, 75.4, 55.4, 21.3; IR (thin film): νmax (cm-1) = 1687, 1596, 1475, 

1457, 1345, 1160, 910, 810, 749; MS (ESI-TOF) 461 ([M+NH4]+); HRMS (ESI-TOF) 

calcd for C26H25N2O4S ([M+NH4]+): 461.1530. Found: 461.1538. 

N
Ts

O
OH

 2i  

(R)-3-Cyclopropyl-3-hydroxy-1-tosyl-2,3-dihydroquinolin-4(1H)-one 

Pale yellow oil, 96% yield, 68% ee [Daicel Chiralpak IC, n-hexane/2-propanol = 

60/40, v = 0.4 mL⋅min-1, λ = 254 nm, t (minor) = 16.2 min, t (major) = 17.2 min]; 

[α]D
20 = +7.9 (c = 0.5, CHCl3). 1H NMR (400 MHz, CDCl3) δ 8.01 (dd, J = 8.0, 1.6 

Hz, 1H), 7.83 (d, J = 8.0 Hz, 2H), 7.77 (d, J = 8.8 Hz, 1H), 7.56-7.44 (m, 1H), 7.33 (d, 

J = 8.4 Hz, 2H), 7.14 (t, J = 7.6 Hz, 1H), 4.72 (d, J = 12.4 Hz, 1H), 3.65 (d, J = 12.4 

Hz, 1H), 3.24 (s, 1H), 2.42 (s, 3H), 1.34-1.16 (m, 1H), 0.74-0.60 (m, 1H), 0.56-0.40 

(m, 2H), 0.40-0.26 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 196.7, 144.6, 142.7, 

136.4, 135.4, 130.0, 128.9, 127.0, 123.4, 120.1, 118.8, 71.5, 54.9, 21.5, 14.3, 0.3, 0.2; 

IR (thin film): νmax (cm-1) = 1690, 1599, 1476, 1459, 1351, 1163, 899, 813, 750, 703; 
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MS (ESI-TOF) 375 ([M+NH4]+); HRMS (ESI-TOF) calcd for C19H23N2O4S 

([M+NH4]+): 375.1373. Found: 375.1390. 

 2k 

(R)-6-Fluoro-3-hydroxy-3-phenyl-1-tosyl-2,3-dihydroquinolin-4(1H)-one 

White solid, 76% yield, 88% ee [Daicel Chiralpak AD-H, n-hexane/2-propanol = 

60/40, v = 0.7 mL⋅min-1, λ = 254 nm, t (minor) = 13.1 min, t (major) = 20.2 min]; 

[α]D
20 = +151 (c = 0.2, CHCl3). M.p. 125-127 oC. 1H NMR (400 MHz, CDCl3) δ 

7.80-7.65 (m, 2H), 7.40-7.27 (m, 7H), 7.20-7.14 (m, 1H), 7.12 (d, J = 8.4 Hz, 2H), 

5.02 (d, J = 13.2 Hz, 1H), 4.06 (s, 1H), 3.95 (d, J = 13.2 Hz, 1H), 2.34 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ 195.0, 158.4 (d, J = 243.7 Hz), 144.6, 139.1 (d, J = 2.4 

Hz), 138.45, 135.0, 129.8, 128.9, 128.8, 127.4, 126.4, 122.9 (d, J = 23.3 Hz), 122.9 (d, 

J = 6.2 Hz), 120.8 (d, J = 7.1 Hz), 114.1 (d, J = 23.2 Hz), 75.5, 55.3, 21.5; IR (thin 

film): νmax (cm-1) = 1688, 1483, 1330, 1148, 1043, 826, 754, 697; MS (ESI-TOF) 429 

([M+NH4]+); HRMS (ESI-TOF) calcd for C22H22FN2O4S ([M+NH4]+): 429.1279. 

Found: 429.1287. 

2l 

(R)-6-Chloro-3-hydroxy-3-phenyl-1-tosyl-2,3-dihydroquinolin-4(1H)-one 

White solid, 82% yield, 92% ee [Daicel Chiralpak AD-H, n-hexane/2-propanol = 

60/40, v = 0.7 mL⋅min-1, λ = 254 nm, t (minor) = 13.9 min, t (major) = 22.8 min]; 

[α]D
20 = +173 (c = 0.2, CHCl3). M.p. 159-161 oC. 1H NMR (400 MHz, CDCl3) δ 8.03 

(d, J = 2.6 Hz, 1H), 7.67 (d, J = 9.1 Hz, 1H), 7.44-7.26 (m, 7H), 7.12 (d, J = 8.2 Hz, 

2H), 5.07 (d, J = 13.2 Hz, 1H), 4.06 (s, 1H), 3.92 (d, J = 13.2 Hz, 1H), 2.34 (s, 3H); 
13C NMR (100 MHz, CDCl3) δ 194.9, 144.7, 141.3, 138.4, 135.3, 134.9, 129.8, 129.3, 

129.0, 128.8, 128.1, 127.4, 126.5, 122.5, 120.2, 75.3, 55.0, 21.5; IR (thin film): νmax 

(cm-1) = 2920, 2851, 1694, 1473, 1335, 1159, 1051, 910, 827, 754, 697; MS 
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(ESI-TOF) 445 ([M+NH4]+); HRMS (ESI-TOF) calcd for C22H22ClN2O4S 

([M+NH4]+): 445.0983. Found: 445.0996. 

2m 

(R)-6-Bromo-3-hydroxy-3-phenyl-1-tosyl-2,3-dihydroquinolin-4(1H)-one 

White solid, 82% yield, 87% ee [Daicel Chiralpak AD-H, n-hexane/2-propanol = 

60/40, v = 0.7 mL⋅min-1, λ = 254 nm, t (minor) = 14.5 min, t (major) = 23.4 min]; 

[α]D
20 = +218 (c = 0.2, CHCl3). M.p. 172-174 oC. 1H NMR (400 MHz, CDCl3) δ 8.18 

(d, J = 2.4 Hz, 1H), 7.60 (d, J = 9.2 Hz, 1H), 7.51 (dd, J = 8.8, 2.4 Hz, 1H), 7.44-7.22 

(m, 7H), 7.12 (d, J = 8.0 Hz, 2H), 5.08 (d, J = 13.2 Hz, 1H), 4.05 (s, 1H), 3.91 (d, J = 

13.2 Hz, 1H), 2.35 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 194.7, 144.8, 141.7, 138.3, 

138.1, 134.8, 131.1, 129.8, 129.0, 128.8, 127.4, 126.4, 122.8, 120.4, 116.7, 75.3, 54.9, 

21.5; IR (thin film): νmax (cm-1) = 1693, 1593, 1471, 1337, 1158, 1052, 910, 823, 752, 

697; MS (ESI-TOF) 489 ([M+NH4]+); HRMS (ESI-TOF) calcd for C22H22BrN2O4S 

([M+NH4]+): 489.0478. Found: 489.0466. 

  2n 

(R)-7-Chloro-3-hydroxy-3-phenyl-1-tosyl-2,3-dihydroquinolin-4(1H)-one 

White solid, 80% yield, 92% ee [Daicel Chiralpak AD-H, n-hexane/2-propanol = 

60/40, v = 0.7 mL⋅min-1, λ = 254 nm, t (major) = 13.5 min, t (minor) = 17.4 min]; 

[α]D
20 = +155 (c = 0.2, CHCl3). M.p. 153-155 oC. 1H NMR (400 MHz, CDCl3) δ 8.02 

(d, J = 8.4 Hz, 1H), 7.75 (d, J = 1.6 Hz, 1H), 7.40-7.28 (m, 7H), 7.14 (d, J = 8.4 Hz, 

2H), 7.09 (dd, J = 8.4, 1.6 Hz, 1H), 5.08 (d, J = 13.2 Hz, 1H), 4.11 (s, 1H), 3.91 (d, J 

= 13.2 Hz, 1H), 2.35 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 194.8, 144.9, 143.5, 

142.2, 138.5, 134.6, 129.9, 129.8, 128.9, 128.8, 127.5, 126.4, 123.9, 119.8, 118.7, 

75.1, 55.0, 21.5; IR (thin film): νmax (cm-1) = 1694, 1593, 1474, 1355, 1163, 1060, 813, 

755, 697; MS (ESI-TOF) 445 ([M+NH4]+); HRMS (ESI-TOF) calcd for 
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C22H22ClN2O4S ([M+NH4]+): 445.0983. Found: 445.0986. 

2o 

(R)-3-hydroxy-6-methyl-3-phenyl-1-tosyl-2,3-dihydroquinolin-4(1H)-one 

White solid, 66% yield, 82% ee [Daicel Chiralpak AD-H, n-hexane/2-propanol = 

60/40, v = 0.7 mL⋅min-1, λ = 254 nm, t (minor) = 15.9 min, t (major) = 26.5 min]; 

[α]D
20 = +179 (c = 0.2, CHCl3). M.p. 122-124 oC. 1H NMR (400 MHz, CDCl3) δ 7.89 

(d, J = 1.2 Hz, 1H), 7.59 (d, J = 8.4 Hz, 1H), 7.42-7.21 (m, 8H), 7.10 (d, J = 8.0 Hz, 

2H), 5.07 (d, J = 12.8 Hz, 1H), 4.11 (s, 1H), 3.91 (d, J = 12.8 Hz, 1H), 2.33 (s, 3H), 

2.30 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 196.0, 144.3, 140.6, 139.0, 136.6, 135.4, 

133.2, 129.7, 128.7, 128.5, 127.4, 126.5, 121.3, 118.6, 104.9, 75.3, 55.2, 21.4, 20.3; 

IR (thin film): νmax (cm-1) = 1686, 1489, 1336, 1157, 1050, 840, 810, 757, 697; MS 

(ESI-TOF) 425 ([M+NH4]+); HRMS (ESI-TOF) calcd for C23H25N2O4S ([M+NH4]+): 

425.1530. Found: 425.1539. 

2p 

(R)-3-Hydroxy-6-methoxy-3-phenyl-1-tosyl-2,3-dihydroquinolin-4(1H)-one 

Pale yellow solid, 51% yield, 84% ee [Daicel Chiralpak AD-H, n-hexane/2-propanol 

= 60/40, v = 0.7 mL⋅min-1, λ = 254 nm, t (minor) = 21.9 min, t (major) = 32.7 min]; 

[α]D
20 = +206 (c = 0.2, CHCl3). M.p. 64-66 oC. 1H NMR (400 MHz, CDCl3) δ 7.66 (d, 

J = 9.6 Hz, 1H), 7.53 (d, J = 3.2 Hz, 1H), 7.40-7.27 (m, 7H), 7.11 (d, J = 8.0 Hz, 2H), 

7.06 (dd, J = 9.2, 3.2 Hz, 1H), 5.01 (d, J = 13.2 Hz, 1H), 4.00 (s, 1H), 3.94 (d, J = 

13.2 Hz, 1H), 3.81 (s, 3H), 2.34 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 195.9, 155.6, 

144.3, 139.0, 136.8, 135.4, 129.7, 128.75, 128.71, 127.4, 126.5, 124.0, 122.5, 120.6, 

109.9, 75.6, 55.6, 55.5, 21.5; IR (thin film): νmax (cm-1) = 1691, 1490, 1427, 1158, 

1054, 843, 772, 695; MS (ESI-TOF) 441 ([M+NH4]+); HRMS (ESI-TOF) calcd for 

C23H25N2O5S ([M+NH4]+): 441.1479. Found: 441.1487. 
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2q 

(R)-3-Hydroxy-1-(methylsulfonyl)-3-phenyl-2,3-dihydroquinolin-4(1H)-one 

White solid, 85% yield, 85% ee [Daicel Chiralcel OD-H, n-hexane/2-propanol = 

90/10, v = 1.0 mL⋅min-1, λ = 254 nm, t (major) = 21.4 min, t (minor) = 27.0 min]; 

[α]D
20 = +193 (c = 0.2, CHCl3). M.p. 163-164 oC. 1H NMR (300 MHz, CDCl3) δ 8.23 

(d, J = 7.8 Hz, 1H), 7.91 (d, J = 8.7 Hz, 1H), 7.61 (t, J = 7.2 Hz, 1H), 7.40-7.22 (m, 

6H), 4.93 (d, J = 13.8 Hz, 1H), 4.04 (s, 1H), 4.01 (d, J = 14.1 Hz, 1H), 2.35 (s, 3H); 
13C NMR (75 MHz, CDCl3) δ 196.0, 142.8, 139.2, 136.3, 129.0, 128.7, 126.8, 124.3, 

122.2, 119.3, 106.7, 75.4, 55.4, 38.6; IR (thin film): νmax (cm-1) = 3481, 2852, 1688, 

1596, 1475, 1458, 1339, 1148, 757, 705; MS (ESI-TOF) 335 ([M+NH4]+); HRMS 

(ESI-TOF) calcd for C16H19N2O4S ([M+NH4]+): 335.1060. Found: 335.1072. 
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X-ray of enantiopure (R)-2m (cd212725) 

        2m 

      Table 1.  Crystal data and structure refinement for cd212725.  
      Identification code               cd212725  
      Empirical formula                 C22 H18 Br N O4 S  
      Formula weight                    472.34  
      Temperature                       293(2) K  
      Wavelength                        0.71073 A  
      Crystal system, space group       Orthorhombic,  P2(1)2(1)2(1)  
      Unit cell dimensions              a = 8.6638(10) A   alpha = 90 deg.  
                                     b = 10.6945(12) A    beta = 90 deg.  
                                     c = 21.769(2) A   gamma = 90 deg.  
      Volume                        2017.0(4) A^3  
      Z, Calculated density             4, 1.555 Mg/m^3  
      Absorption coefficient            2.171 mm^-1  
      F(000)                         960  
      Crystal size                   0.254 x 0.211 x 0.143 mm  
      Theta range for data collection    1.87 to 25.97 deg.  
      Limiting indices                  -10<=h<=10, -10<=k<=13, -26<=l<=20  
      Reflections collected / unique     12030 / 3948 [R(int) = 0.0648]  
      Completeness to theta = 25.97    100.0 %  
      Absorption correction           Empirical  
      Max. and min. transmission      1.00000 and 0.16324  
      Refinement method             Full-matrix least-squares on F^2  
      Data / restraints / parameters      3948 / 0 / 265  
      Goodness-of-fit on F^2          0.978  
      Final R indices [I>2sigma(I)]     R1 = 0.0463, wR2 = 0.1026  
      R indices (all data)              R1 = 0.0633, wR2 = 0.1108  
      Absolute structure parameter      0.006(10)  
      Extinction coefficient            0.0027(6)  
      Largest diff. peak and hole       0.699 and -0.380 e.A^-3  
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