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General remarks:

All manipulations requiring inert atmosphere were conducted under an atmosphere of Ar using standard Schlenk techniques. 1H- and 13C-NMR spectra were recorded on a Varian Unity 400 (at 400 and 100 MHz), chemical shifts are given in ppm with internal referencing to the solvent peaks. IR spectra were measured on a Perkin Elmer 1760 S, MS spectra on a Varian MAT 212 or a Finnigan SSQ7000 mass spectrometer with EI ionization. HRMS were recorded on a Finnigan MAT 95. Optical rotations were determined on Perkin Elmer PE-241. Elemental analyses were carried out at the Institut für Organische Chemie der RWTH Aachen on a Heraeus CHNO-Rapid apparatus. 

General procedure for the Pd-catalyzed N-arylation of sulfoximines with 8-bromoquinoline derivatives or 4-bromoacridine: 

Pd(OAc)2 (11 mg, 0.05 mmol), rac-BINAP (62 mg, 0.1 mmol), Cs2CO3 (650 mg, 2.0 mmol), the sulfoximine (1.0 mmol) and the bromoarene (1.0 mmol) were dissolved in toluene (10 mL) under an argon atmosphere and refluxed for 24 h. At room temperature the suspension was diluted with diethyl ether and filtered through a plug of celite. After removing the solvent, the product was purified by silica gel column chromatography.

(R)-N-(8-quinolyl)-S-phenyl-S-methyl-sulfoximine (5a)

1H-NMR (400 MHz, CDCl3):  = 3.47 (s, 3H), 7.20-7.24 (m, 1H), 7.31-7.39 (m, 3H), 7.43-7.48 (m, 2H), 7.50-7.55 (m, 1H), 8.05-8.11 (m, 3H), 8.98 (dd, 1H, J = 1.7, 4.2 Hz).

13C-NMR (100 MHz, CDCl3):  = 46.9, 120.5, 120.7, 120.8, 126.6, 128.4, 129.2, 132.9, 136.1, 139.4, 142.6, 143.4, 148.7.

MS (EI, DIP): m/z = 282 (M+, 23), 267 (M+- CH3, 100), 218 (37), 157 (20), 142 (18), 114 (11), 77 (4).

IR (KBr):  = 3429, 3013, 1561, 1495, 1462, 1385, 1320, 1292, 1206, 1173, 1123.

Anal. Calcd. for C16H14N2SO: C 68.06; H 5.00; N 9.92; found: C 68.07; H 4.98; N 9.72.                                                                

[]D = 233.9 (c = 1.1, CHCl3)

mp: 135-136 °C

 (S)-N-(2-butyl-quinolin-8-yl)-S-phenyl-S-methyl-sulfoximine (5b)

1H-NMR (400 MHz, CDCl3):  = 0.92 (t, 3H, J = 7.4 Hz), 1.45 (q, 2H, J = 7.4 Hz), 1.73-1.90 (m, 2H), 2.90-3.04 (m, 2H), 3.34 (s, 3H), 7.21-7.26 (m, 2H), 7.33 (dd, 1H, J = 1.4, 8.0 Hz), 7.41-7.54 (m, 4H), 7.94 (d, 1H, J = 8.2 Hz), 8.21-8.251 (m, 2H).

13C-NMR (100 MHz, CDCl3):  = 14.1, 22.7, 32.0, 38.7, 46.4, 121.2, 122.4, 125.6, 127.6, 128.4, 128.9, 132.6, 136.0, 141.0, 141.8, 143.0, 161.2.

MS (EI, DIP): m/z = 338 (M+, 60), 323 (M+- CH3, 4), 309 (M+- CH2-CH3, 7), 296 (100), 213 (23), 187 (30), 169 (26), 156 (66), 129 (13), 77 (6), 51(7).

IR (Capillary):  = 3053, 2955, 2928, 2864, 1601, 1556, 1500, 1457, 1329, 1282, 1218, 1121, 1090.

Anal. Calcd. for C20H22N2SO: C 70.97; H 6.55; N 8.28; found: C 70.58; H 6.60; N 8.46.                                                                

[]D = –148.8 (c = 1.1, CHCl3)

(S)-N-(4-acridinyl)-S-phenyl-S-methyl-sulfoximine (5c)

1H-NMR (400 MHz, CDCl3):  = 3.48 (s, 3H), 7.24-7.28 (m, 1H), 7.40-7.46 (m, 3H), 7.47-7.56 (m, 3H), 7.70-7.75 (m, 1H), 7.93 (d, 1H, J = 8.5 Hz), 8.20-8.24 (m, 2H), 8.32 (d, 1H, J = 8.3 Hz), 8.65 (s, 1H).

13C-NMR (100 MHz, CDCl3):  = 46.7, 120.7, 121.4, 125.4, 125.9, 126.4, 127.5, 127.6, 128.4, 129.1, 129.2, 130.0, 132.8, 135,6, 142.3, 145.1, 147.8.

MS (EI, DIP): m/z = 332 (M+, 100), 296 (6), 269 (23), 207 (71), 192 (56), 164 (16), 138 (6), 97 (3), 77 (4), 51 (6).

IR (KBr):  = 3434, 3049, 3002, 2919, 1637, 1514, 1462, 1403, 1385, 1327, 1286, 1235, 1208, 1180, 1105.

HRMS calcd for C20H16N2SO: 332.0983; found: 332.0985.                                                                        

[]D = –0.9 (c = 1.1, CHCl3)

mp: 99-101 °C

(S)-N-(8-quinolyl)-S-phenyl-S-isopropyl-sulfoximine (5d)

1H-NMR (400 MHz, CDCl3):  = 1.25 (d, 3H, J = 6.7 Hz), 1.50 (d, 3H, J = 6.7 Hz), 3.67 (sept, 1H, J = 6.7 Hz), 7.10-7.15 (m, 1H), 7.19-7.22 (m, 1H), 7.24-7.28 (m, 1H), 7.30-7.35 (m, 3H), 7.38-7.44 (m, 1H), 7.91-7.97 (m, 3H), 8.87 (dd, 1H, J = 1.6, 4.2 Hz).

13C-NMR (100 MHz, CDCl3): = 16.0, 17.0, 57.5, 120.8, 121.0, 121.1, 126.9, 129.2, 129.6, 130.5, 133.1, 136.2, 143.7, 144.2, 149.0.

MS (EI, DIP): m/z = 310 (M+, 34), 267 (M+- iPr, 33), 218 (13), 191 (100), 143 (35), 116 (19), 78 (6), 51 (5).

IR (KBr):  = 3510, 3243, 2890, 1542, 1457, 1398, 1315, 1254, 1120, 1134.

HRMS calcd. for C18H18N2SO: 310.1140; found: 310.1140.

[]D = –257.2 (c = 1.1, CHCl3)

mp: 111-113 °C

(S)-N-(8-quinolyl)-S-phenyl-S-tert-butyl-sulfoximine (5e)

1H-NMR (400 MHz, CDCl3):  = 1.58 (s, 9H), 7.17-7.22 (m, 1H), 7.26-7.29 (m, 1H), 7.32-7.38 (m, 3H), 7.40-7.48 (m, 2H), 7.94-7.99 (m, 2H), 8.03 (dd, 1H, J = 2.0, 8.2 Hz), 8.94 (dd, 1H, J = 1.7, 4.2 Hz).

13C-NMR (100 MHz, CDCl3):  = 24.0, 62.1, 120.3, 120.6, 121.1, 126.6, 128.4, 129.2, 130.5, 131.3, 132.5, 134.3, 135.9, 143.6, 148.5.

MS (EI, DIP): m/z = 324 (M+, 15), 267 (M+- tBu, 2), 220 (5), 191 (100), 174 (1), 143 (22), 116 (10) 89 (2), 57 (5).

IR (KBr): = 3540, 3270, 2970, 1562, 1496, 1464, 1382, 1319, 1278, 1210, 1160, 1113, 1083.

HRMS calcd. for C19H20N2SO: 324.1296; found: 324.1298.

[]D = –272.0 (c = 1.0, CHCl3)

mp: 101-102 °C

(S)-N-(8-quinolyl)-S-biphenyl-S-methyl-sulfoximine (5f)

1H-NMR (400 MHz, CDCl3):  = 3.49 (s, 3H), 7.20-7.25 (m, 1H), 7.30-7.42 (m, 6H), 7.48-7.51 (m, 2H), 7.60-7.64 (m, 2H), 8.35 (dd, 1H, J = 1.8, 8.2 Hz), 8.12-8.16 (m, 2H), 8.99 (dd, 1H, J = 1.9, 4.1 Hz).

13C-NMR (100 MHz, CDCl3):  = 47.5, 120.9, 121.2, 121.3, 127.0, 127.4, 128.2, 129.2, 129.4, 129.7, 136.4, 138.3, 139.3, 143.1, 144.0, 146.2, 149.3.

MS (EI, DIP): m/z = 358 (M+, 8), 343 (M+- CH3, 100), 295 (21), 218 (7), 147 (9), 115 (6), 88 (1).

IR (KBr):  = 3385, 3016, 2985, 2929, 1563, 1497, 1465, 1384, 1319, 1277, 1222, 1120.

HRMS calcd. for C22H18N2SO: 358.1140; found: 358.1140.

[]D = –160.8 (c = 1.0, CHCl3)

mp: 75-77 °C

(S)-N-(8-quinolyl)-S-(3,5-di-tert-butyl-phenyl)-S-methyl-sulfoximine (5g)

1H-NMR (400 MHz, CDCl3):  = 1.10 (s, 18H), 3.39 (s, 3H), 7.14-7.20 (m, 1H), 7.23-7.26 (dd, 1H, J =1.4, 8.0 Hz), 7.28-7.32 (dd, 1H, J = 4.4, 8.2 Hz), 7.37-7.40 (dd, 1H, J = 1.4, 7.4 Hz), 7.43 (t, 1H, J = 1.7 Hz), 7.83 (d, 2H, J = 1.7 Hz), 7.98 (dd, 1H, J = 1.7, 8.2 Hz), 8.97 (dd, 1H, J = 1.8, 4.4 Hz).

13C-NMR (100 MHz, CDCl3):  = 31.5, 47.4, 121.1, 121.2, 121.8, 123.2, 127.1, 127.4, 129.6, 136.6, 139.0, 143.4, 149.2, 152.6.

MS (EI, DIP): m/z = 394 (M+, 12), 379 (M+- CH3, 100), 331 (1), 259 (2), 219 (4), 157 (5), 115 (3), 91 (1), 57 (4).

IR (Capillary):  = 3372, 2963, 1598, 1564, 1497, 1465, 1383, 1320, 1279, 1223, 1121.

HRMS calcd. for C24H30N2SO: 394.2079; found: 394.2077.

[]D = ​​–142.0 (c = 1.1, CHCl3)

(R)-N-(8-quinolyl)-S-(2-methoxyphenyl)-S-methyl-sulfoximine (5h)

1H-NMR (400 MHz, CDCl3):  = 3.62 (s, 3H), 3.80 (s, 3H), 6.91 (d, 1H, J = 8.5 Hz), 6.99 (ddd, 1H, J = 1.0, 7.5, 8.1 Hz), 7.19-7.23 (m, 1H), 7.27-7.37 (m, 3H), 7.44-7.48 (m, 1H), 8.04 (dd, 1H, J = 1.5, 8.4 Hz), 8.10 (dd, 1H, J= 1.7, 8.0 Hz), 8.96 (dd, 1H, J = 1.7, 4.2 Hz).

13C-NMR (100 MHz, CDCl3):  = 44.8, 56.1, 112.5, 119.8, 120.3, 120.6, 126.5, 126.7, 129.2, 131.7, 134.7, 135.7, 143.1, 148.5, 157.0.

MS (EI, DIP): m/z = 312 (M+, 15), 297 (M+- CH3, 100), 218 (35), 157 (11), 142 (9), 115 (10), 97 (10), 55 (19).

IR (KBr):  = 3425, 2931, 1560, 1496, 1464, 1325, 1277, 1213, 1116.

Anal. Calcd. for C17H16N2SO2: C 65.36; H 5.16; N  8.97; found: C 64.99; H 5.55; N  8.64.

[]D = 64.9 (c = 1.1, CHCl3)

mp: 146-147 °C

(R)-N-(8-quinolyl)-S-(2-methoxyphenyl)-S-n-pentyl-sulfoximine (5i)

1H-NMR (400 MHz, CDCl3):  = 0.87 (t, 3H, J = 7.1), 1.20-1.50 (m, 4H), 1.65-1.80 (m, 1H), 1.90-2.02 (m, 1H), 3.47 (s, 3H), 3.81-3.87 (m, 2H), 6.86-6.88 (m, 1H), 7.00-7.06 (m, 1H), 7.18-7.38 (m, 4H), 7.42-7.48 (m, 1H), 8.02 (dd, 1H, J = 1.4, 8.2 Hz), 8.12 (dd, 1H, J= 1.7, 7.9 Hz), 8.95 (dd, 1H, J = 1.7, 4.0 Hz).

13C-NMR (100 MHz, CDCl3):  = 13.8, 22.1, 22.2, 30.3, 55.9, 56.2, 112.6, 120.0, 120.3, 120.6, 120.8, 126.7, 129.4, 133.0, 134.8, 136.0, 143.7, 148.7, 157.4.

MS (EI, DIP): m/z = 368 (M+, 19), 297 (32), 218 (37), 191 (100), 143 (7), 115 (15), 97 (7).

IR (KBr):  = 3418, 2928, 1574, 1490, 1469, 1352, 1265, 1212, 1113.

HRMS calcd. for C21H24N2SO2: 368.1558; found: 368.1559.

[]D = 72.3 (c = 1.0, CHCl3)

mp: 95-96 °C

(R)-N-(8-quinolyl)-S-(2-methoxyphenyl)-S-phenetyl-sulfoximine (5j)

1H-NMR (400 MHz, CDCl3):  = 3.02-3.34 (m, 2H), 3.69 (s, 3H), 4.05-4.15 (m, 2H), 6.69 (dd, 1H, J = 0.8, 8.5 Hz), 6.97-7.01 (m, 1H), 7.12-7.31 (m, 8H), 7.37-7.42 (m, 2H), 7.98 (dd, 1H, J = 1.6, 8.2 Hz), 8.15 (dd, 1H, J = 1.6, 7.7 Hz), 8.90 (dd, 1H, J = 1.6, 4.1 Hz).

13C-NMR (100 MHz, CDCl3):  = 28.8, 56.3, 56.7, 112.6, 120.4, 120.6, 120.8, 125.6, 126.6, 126.7, 128.5, 128.6, 129.4, 132.8, 134.9, 135.9, 138.1, 143.4, 144.0, 148.7, 157.3.

MS (EI, DIP): m/z = 402 (M+, 22), 297 (79), 218 (24), 191 (100), 143 (20), 105 (24), 77 (10), 51 (5).

IR (KBr):  = 3428, 2932, 1584, 1562, 1495, 1470, 1381, 1322, 1280, 1207, 1171, 1114.

HRMS calcd. for C24H22N2SO2: 402.1402; found: 402.1404                                                        

[]D = 57.4 (c = 0.9, CHCl3)

mp: 182-183 °C

(R)-N-(8-quinolyl)-S-(2-methoxyphenyl)-S-tert-butyl-sulfoximine (5k)

1H-NMR (400 MHz, CDCl3):  = 1.60 (s, 9H), 3.38 (s, 3H), 6.79 (d, 1H, J = 8.0 Hz), 6.90-6.95 (m, 1H), 7.13-7.18 (m, 1H), 7.22-7.27 (m, 1H), 7.30-7.34 (m, 2H), 7.39-7.45 (m, 1H), 8.02 (dd, 1H, J = 1.3, 8.2 Hz), 8.12 (dd, 1H, J = 1.9, 8.0 Hz), 8.90 (dd, 1H, J = 1.9, 4.1 Hz).

13C-NMR (100 MHz, CDCl3):  = 24.4, 55.4, 63.7, 112.5, 119.9, 120.0, 120.3, 120.6, 126.7, 129.4, 134.7, 135.8, 135.9, 144.2, 144.7, 148.5, 159.0.

MS (EI, DIP): m/z = 354 (M+, 7), 298 (M+- tBu, 11), 250 (9), 219 (7), 191 (100), 143 (20), 116 (8), 97 (3), 57 (4).

IR (KBr):  = 3438, 2929, 1590, 1563, 1466, 1430, 1384, 1322, 1279, 1252, 1213, 1166.

HRMS calcd. for C20H22N2SO2: 354.1402; found: 354.1403.

[]D = 215.4 (c = 0.9, CHCl3)

mp:  78-79 °C

(S)-N-(8-quinolyl)-S-(2-methoxynaphtyl)-S-methyl-sulfoximine (5l)

1H-NMR (400 MHz, CDCl3):  = 3.74 (s, 6H), 7.05-7.13 (m, 2H), 7.16-7.27 (m, 2H), 7.31 (dd, 1H, J = 1.2, 4.0 Hz), 7.36-7.42 (m, 1H), 7.54-7.61 (m, 1H), 7.70-7.75 (m, 1H), 7.88 (d, 1H, J = 9.2 Hz), 7.94 (dd, 1H, J = 1.7, 8.2 Hz), 8.79 (dd, 1H, J= 1.7, 4.0 Hz), 9.57 (dd, 1H, J = 0.7, 8.9 Hz).

13C-NMR (100 MHz, CDCl3):  = 47.4, 57.6, 114.0, 119.2, 120.3, 120.4, 120.8, 124.5, 126.7, 128.7, 129.4, 129.5, 133.1, 135.9, 136.0, 143.6, 143.8, 148.5.

MS (EI, DIP): m/z = 362 (M+,1), 347 (M+- CH3, 63), 299 (44), 268 (100), 134 (16), 115 (5), 88 (1), 63 (2).

IR (KBr):  = 3407, 1618, 1596, 1560, 1503, 1464, 1384, 1322, 1277, 1251, 1115.

HRMS calcd. for [C21H18N2SO2 - CH3]: 347.0854; found: 347.0857.

[]D = ​– 405.1 (c = 1.1, CHCl3)

mp:  87-89 °C

(R)-N-(8-quinolyl)-S-(2-isopropoxyphenyl)-S-methyl-sulfoximine 
1H-NMR (400 MHz, CDCl3):  = 0.90 (d, 3H, J = 6.0 Hz), 1.39 (d, 3H, J = 6.0 Hz), 3.61 (s, 3H), 4.52-4.62 (sept, 1H, J = 6.0 Hz), 6.85 (d, 1H, J = 8.2 Hz, 6.99 (ψt, 1H, J = 7.8 Hz), 7.15-7.20 (m, 1H), 7.24-7.29 (m, 2H), 7.30-7.34 (m, 1H), 7.40-7.46 (m, 1H), 8.00 (d, 1H, J = 8.2 Hz), 8.16 (dd, 1H, J= 1.6, 8.0 Hz), 8.92 (dd, 1H, J = 1.4, 4.1 Hz).

13C-NMR (100 MHz, CDCl3):  = 19.7, 20.9, 43.8, 69.9, 112.6, 118.1, 118.6, 118.8, 119.6, 125.4, 125.9, 128.2, 131.3, 133.4, 134.6, 142.5, 142.6, 147.4, 154.2.

MS (EI, DIP): m/z = 340 (M+, 13), 325 (M+- CH3, 100), 283 (12), 235 (13), 204 (12), 185 (9), 157 (2), 143 (10), 116 (7), 63 (2), 51 (2).

IR (KBr):  = 3432, 2977, 1587, 1559, 1466, 1323, 1277, 1209, 1117.

HRMS calcd. for C19H20N2SO2: 340.1245; found: 340.1245.

[]D = 82.4 (c = 1.0, CHCl3)

mp:  121-122 °C

General procedure for the hetero Diels-Alder reaction: 

Cu(OTf)2  or CuCl2 (0.05 mmol; 10 mol%) and ligand (0.05 mmol; 10 mol%) were dissolved in the given solvent (1 mL) under argon atmosphere and stirred for 1 h. In the case of Cu(ClO)4 as copper source, AgClO4 (0.1 mmol) was added and stirring was continued for 30 min. The catalysis was started by the addition of the dienophile (0.5 mmol) and 1,3-cyclohexadiene (1.0 mmol) at the given temperature. After 18 h, the product was isolated by flash chromatography. The enantiomeric excesses were determined by gas chromatography [9: -cyclodextrine column Cyclodex -I/P: 2,3,6-trimethyl--cyclodextrine (25 m x 0.25 mm) with a pre-column FS-Phenyl-Sil (3m x 0.25 mm); 130 kPa N2; oven temp = 90 °C, 5 min; 2 °C/min; 130 °C, 15 min; 2 °C/min; texo = 40.0 and 41.3; tendo = 42.9 and 43.7] or HPLC [10: chiral column Chiralpak AD; eluent: heptan:iPrOH 95:5; flow: 0.2 ml/min; 220 nm; tR = 43.2 and 48.5].

