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1. General information

NMR spectra were recorded on Bruker AVANCE DRX 500 (500 MHz for 'H; 126 MHz for *C) and Bruker DRX 600
(600 MHz for 'H; 151 MHz for '3C) instruments internally referenced to TMS signal. Data are reported as follows:
Chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet), Coupling constants, J, are
reported in hertz. Mass spectra were mearsured using Agilent 6530 Accurate-Mass Q-TOF LC/MS. IR spectra were
recorded on a Bruker Tensor 27 FT-IR spectrometer and only major peaks are reported in cm!'. The starting materials
were purchased from Aldrich, Acros Organics, TCI or J&K Chemicals and used without further purification. Solvents
were dried and purified according to the procedure from “Purification of Laboratory Chemicals book”. Column

chromatography was carried out on silica gel (particle size 200-400 mesh ASTM).

2. Typical procedures for the synthesis of substrates
The preparation of amide 1 were described in previous reports. S!

Rzl%( 2
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To the solution of anthranilonitrile S-1 (2.0 mmol) and Et;N (2.4 mmol) in 20 mL dry CH,Cl, was added acryloyl
chloride (2.2 mmol) at 0 °C. The mixture was allowed to stir at room temperature. After completion of the reaction, the
reaction was quenched with saturated NaHCO; solution, then extracted with CH,Cl,, washed with brine, dried over
MgSO, and concentrated by evaporator affording amide S-2 without any further purification.

To the solution of amide S-2 (2.0 mmol) in 20 mL dry THF was added NaH (3.0 mmol) at 0 °C under argon. The
mixture was allowed to stir at room temperature for 1h, then Mel (3.0 mmol) was added to the reaction mixture dropwise
at 0 °C. The reaction mixture was warmed to room temperature. After completion of the reaction, the reaction was
cooled to 0 °C and quenched with H,O and extracted with ether. The extract was washed with brine and dried over

MgSQ,. Concentration under reduced pressure and purification by silica gel flash chromatography to afford amide 1.

3. General procedure for addition/cyclization cascade

A mixture of o-cyanoarylacrylamide 1 (0.3 mmol), alcohol 2 (1.5 mmol), FeCl, (0.015 mmol), and TBHP (0.9 mmol)
in EtOAc (1.5 mL) was heated at 120 °C for 12 h. Upon completion as shown by TLC, the reaction mixture was washed
with brine, and the aqueous phase was extracted with ethyl acetate. The combined organic layers were dried over
anhydrous MgSO, and concentrated in vacuum. The residue was purified by flash chromatography on silica gel with

petroleum ether/EtOAc as the eluent to afford the desired product 3.

Reference:

(S1) Y.-M. Li, S.-S. Wang, F.-C. Yu, Y. Shen and K.-J. Chang, Org. Biomol. Chem. 2015, 13, 5376.
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4. Characterization of products
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'"H NMR (500 MHz, CDCl;) ¢ 8.07 (d, J = 7.4 Hz, 1H), 7.94 (d, J= 7.4 Hz, 2H), 7.65 (t,J= 7.4 Hz, 1H), 7.55 (t,J= 7.0
Hz, 1H), 7.43 (t,J = 7.3 Hz, 2H), 7.25 (d, /= 8.3 Hz, 1H), 7.19 (t, J = 7.3 Hz, 1H), 4.13-4.04 (m, 2H), 3.51 (s, 3H), 1.46
(s, 3H); 3C NMR (101 MHz, CDCly) J 197.8, 196.5, 173.9, 143.3, 135.8, 135.7, 133.4, 128.5, 128.33, 128.29, 122.8,
119.6, 114.9, 53.4, 46.9, 29.8, 24.5; IR (KBr, cm™) v 2968, 1691, 1674, 1657, 1599, 1387, 1344, 1292, 1222, 754, 554,
HRMS (TOF-ESI) cale. for C;oH;7;NO3; (M+H)", 308.1281; found, 308.1287.

'H NMR (500 MHz, CDCls) 6 8.06 (d, J= 7.7 Hz, 1H), 7.97 (d, J = 7.9 Hz, 2H), 7.56-7.53 (m, 1H), 7.48-7.42 (m, 3H),
7.35-7.31 (m, 4H), 7.25-7.24 (m, 1H), 7.12 (t, J= 7.5 Hz, 1H), 7.08 (d, J = 8.4 Hz, 1H), 5.34 (s, 2H), 4.20-4.09 (m, 2H),
1.56 (s, 3H); 3C NMR (126 MHz, CDCly) 5 197.8, 196.3, 174.3, 142.4, 136.2, 135.8, 135.7, 133.5, 128.9, 128.5, 128.4,
128.3, 127.2, 126.2, 122.9, 119.8, 115.9, 53.6, 47.0, 46.0, 24.6; IR (KBr, cm™') v 2927, 1666, 1599, 1489, 1379, 1319,
1253, 1221, 1185, 1110, 754, 530; HRMS (TOF-ESI) calc. for C,sHy NO; (M+H)*, 384.1594; found, 384.1599.

'"H NMR (500 MHz, CDCls) 6 7.95-7.94 (m, 2H), 7.60-7.54 (m, 2H), 7.44 (t, J = 7.7 Hz, 2H), 7.05 (d, J = 8.5 Hz, 1H),
6.91-6.85 (m, 1H), 4.09-4.00 (m, 2H), 3.51 (s, 3H), 1.48 (s, 3H); '3C NMR (126 MHz, CDCl;) § 197.7, 193.7, 173.4,
163.7 (d, Jo_r = 266.0 Hz), 144.5, 136.0 (d, Jo_r = 11.8 Hz), 135.7, 133.5, 128.5, 128.3, 111.0 (d, Jc_r = 21.6 Hz), 110.7
(d, Jor=2.4 Hz), 109.3 (d, Jo_r = 8.6 Hz), 54.3, 46.2, 30.6, 24.2; IR (KBr, cm™') » 2911, 1667, 1635, 1473, 1343, 1221,
1193, 1011, 838, 799, 698, 575; HRMS (TOF-ESI) calc. for C;oH;cFNO3 (M+Na)*, 348.1006; found, 348.1010.
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'"H NMR (500 MHz, CDCl;) 6 7.96-7.94 (m, 2H), 7.57-7.54 (m, 1H), 7.49 (t, J = 8.2 Hz, 1H), 7.44 (t, J = 7.7 Hz, 2H),
7.22 (dd, J = 8.0, 0.7 Hz, 1H), 7.19 (d, J = 8.4 Hz, 1H), 4.07-3.96 (m, 2H), 3.52 (s, 3H), 1.46 (s, 3H); '3C NMR (126
MHz, CDCl3) 6 197.5, 194.1, 173.0, 145.1, 136.0, 135.9, 134.3, 133.4, 128.5, 128.3, 126.4, 117.4, 113.9, 54.5, 45.6, 30.8,
23.6; IR (KBr, cm™) » 2929, 1667, 1581, 1453, 1339, 1284, 1222, 1138, 1201, 817, 745, 638, 535; HRMS (TOF-ESI)

calc. for C;oH;cCINO; (M+H)*, 342.0891; found, 342.0882.
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'"H NMR (500 MHz, CDCls) 6 7.95-7.93 (m, 2H), 7.87 (s, 1H), 7.54 (t, J = 7.4 Hz, 1H), 7.47-7.41 (m, 3H), 7.15 (d, J =
8.5 Hz, 1H), 4.12-4.03 (m, 2H), 3.50 (s, 3H), 2.37 (s, 3H), 1.45 (s, 3H); '*C NMR (126 MHz, CDCl3) ¢ 197.8, 196.7,
173.7,141.2, 136.6, 135.7, 133.4, 132.5, 128.5, 128.30, 128.25, 119.3, 114.9, 53.3, 46.9, 29.8, 24.5, 20.3; IR (KBr, cm ™)
v 2923, 1658, 1602, 1465, 1340, 1219, 1107, 820, 770, 686, 525; HRMS (TOF-ESI) calc. for CyH;yNO; (M+H)*,
322.1438; found, 322.1440.

'H NMR (500 MHz, CDCls) § 7.94-7.93 (m, 2H), 7.74 (dd, J= 8.1, 3.1 Hz, 1H), 7.56 (t, J= 7.4 Hz, 1H), 7.44 (t, J=7.7
Hz, 2H), 7.40-7.36 (m, 1H), 7.23 (dd, J = 9.1, 4.0 Hz, 1H), 4.14-4.03 (m, 2H), 3.51 (s, 3H), 1.46 (s, 3H); 3C NMR (126
MHz, CDCL3) 6 197.8, 195.7, 173.5, 158.4 (d, Jo 5 = 244.6 Hz), 139.7, 135.6, 133.6, 128.5, 128.3, 122.8 (d, Jo.r = 23.5
Hz), 120.8 (d, Jor = 6.1 Hz), 116.7 (d, Je_r = 7.0 Hz), 114.0 (d, Je_¢ = 23.2 Hz), 53.2, 47.2, 30.1, 24.4; IR (KBr, cm™) v
2924, 1669, 1472, 1328, 1166, 1098, 1005, 774, 688, 621, 552; HRMS (TOF-ESI) calc. for CioH;sFNO; (M+H)",
326.1187; found, 326.1187.
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'"H NMR (500 MHz, CDCl;) ¢ 8.02 (d, J = 2.6 Hz, 1H), 7.94-7.93 (m, 2H), 7.60 (dd, J = 8.9, 2.6 Hz, 1H), 7.56 (t, J =
7.4 Hz, 1H), 7.44 (t, J = 7.8 Hz, 2H), 7.20 (d, J = 8.9 Hz, 1H), 4.14-4.04 (m, 2H), 3.50 (s, 3H), 1.46 (s, 3H); '3C NMR
(101 MHz, CDCls) 6 197.8, 195.4, 173.6, 141.8, 135.53, 135.46, 133.6, 128.7, 128.6, 128.3, 127.8, 120.6, 116.6, 53.5,
47.2,30.0, 24.3; IR (KBr, cm™) » 2976, 1662, 1467,1428, 1333, 1187, 1137, 1106, 929, 758, 688, 562; HRMS (TOF-
ESI) calc. for C;oH,;cCINOs; (M+H)*, 342.0891; found, 342.0894 .

'H NMR (500 MHz, CDCls) & 8.03 (d, J = 8.6 Hz, 1H), 7.94 (d, J = 7.9 Hz, 2H), 7.53 (t, J= 7.3 Hz, 1H), 7.42 (t, J= 7.6
Hz, 2H), 6.72-6.69 (m, 2H), 4.05 (s, 2H), 3.90 (s, 3H), 3.48 (s, 3H), 1.45 (s, 3H); 13C NMR (126 MHz, CDCl;) § 197.8,
195.0, 174.3, 165.7, 145.2, 135.7, 133.3, 130.6, 128.4, 128.2, 113.5, 108.1, 100.8, 55.6, 53.0, 46.7, 29.7, 24.8; IR (KBr,
em™') 0 2928, 1651, 1600, 1452, 1336, 1226, 1100, 1030, 839, 741, 541; HRMS (TOF-ESI) calc. for C2oH;sNO, (M+H)",
338.1387; found, 338.1390.
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'"H NMR (500 MHz, CDCl;) ¢ 8.00 (d, J = 8.3 Hz, 1H), 7.93 (d, /= 7.4 Hz, 2H), 7.55 (t,J= 7.3 Hz, 1H), 7.42 (t,J= 6.9
Hz, 2H), 7.25 (s, 1H), 7.17 (d, J = 8.3 Hz, 1H), 4.13-4.04 (m, 2H), 3.49 (s, 3H), 1.45 (s, 3H); *C NMR (101 MHz,
CDCly) 6 197.8,195.4, 173.9, 144.3, 142.2, 135.5, 133.6, 129.8, 128.5, 128.3, 123.1, 118.0, 115.2, 53.5, 47.1, 31.0, 24.4;
IR (KBr, cm™) v 2956, 1667, 1596, 1461, 1431, 1378, 1330, 1291, 1100, 868, 760, 688; HRMS (TOF-ESI) calc. for
Ci9HcCINO3 (M+Na)*, 364.0711; found, 364.0716.
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'"H NMR (500 MHz, CDCl3) 6 7.94-7.91 (m, 3H), 7.56 (t, J = 7.4 Hz, 1H), 7.45-7.42 (m, 3H), 7.34 (dd, /= 8.3, 1.6 Hz,
1H), 4.12-4.03 (m, 2H), 3.50 (s, 3H), 1.46 (s, 3H); *C NMR (126 MHz, CDCl;) 6 197.8, 195.6, 173.9, 144.2, 135.5,
133.6, 130.9, 129.7, 128.5, 128.3, 126.1, 118.3, 118.2, 53.5, 47.2, 30.0, 24.4; IR (KBr, cm™!) v 2924, 1664, 1599, 1459,
1429, 1332, 1292, 1221, 1027, 907, 730, 533; HRMS (TOF-ESI) calc. for C;gH;(BrNO; (M+Na)*, 408.0206; found,
408.0208.

(@]
MeO N (@)
'H NMR (500 MHz, CDCl3) 6 7.95 (dd, J=8.4, 1.2 Hz, 1H), 7.57-7.52 (m, 2H), 7.45-7.42 (m, 2H), 6.71 (s, 1H), 4.07 (s,
2H), 4.03 (s, 3H), 3.92 (s, 3H), 3.53 (s, 3H), 1.46 (s, 3H);, 13C NMR (126 MHz, CDCls) 6 197.9, 195.3, 174.3, 155.5,
145.1, 139.5, 134.5, 133.4, 128.5, 128.3, 112.3, 109.1, 98.3, 56.3, 56.2, 52.9, 47.1, 29.9, 25.0; IR (KBr, cm’l) v 2927,

1679, 1645, 1068, 1481, 1425, 1306, 1249, 1031, 734, 563; HRMS (TOF-ESI) calc. for C,;H,;NOs (M+Na)*, 390.1312;
found, 390.1312.

cl Ph

N O
Cl | 3m

'"H NMR (500 MHz, CDCl3) 6 7.96-7.94 (m, 2H), 7.86 (d, J = 2.5 Hz, 1H), 7.65 (d, J= 2.5 Hz, 1H), 7.58 (t, /= 7.4 Hz,
1H), 7.46 (t, J = 7.7 Hz, 2H), 4.12-3.96 (m, 2H), 3.62 (s, 3H), 1.43 (s, 3H); *C NMR (101 MHz, CDCl;) 6 197.5, 195.1,
174.4,141.0, 137.3, 135.6, 133.6, 129.7, 128.6, 128.4, 126.6, 124.5, 123.5, 53.6, 47.0, 37.8, 23.1; IR (KBr, cm™") v 2926,
1703, 1668, 1649, 1613, 1453, 1334, 1221, 885, 528; HRMS (TOF-ESI) calc. for C;yH;sCLNO; (M+H)*, 376.0502;
found, 376.0503.
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'"H NMR (500 MHz, CDCl3) 6 8.03 (d, J = 7.7 Hz, 1H), 7.91 (d, J = 8.2 Hz, 2H), 7.68-7.65 (m, 1H), 7.56 (t, /= 7.4 Hz,
1H), 7.43 (t, J = 7.7 Hz, 2H), 7.26 (d, J = 7.9 Hz, 1H), 7.20 (t, /= 7.5 Hz, 1H), 4.47-4.38 (m, 2H), 4.13—4.06 (m, 2H),
3.52 (s, 3H), 1.79 (s, 3H); 3C NMR (126 MHz, CDCl3) 6 196.8, 194.3, 171.1, 169.7, 143.4, 136.0, 135.4, 133.7, 128.6,
128.3, 127.8, 122.9, 121.0, 114.9, 68.6, 57.1, 44.3, 30.0, 20.2; IR (KBr, cm™') v 2921, 1643, 1569, 1464, 1381, 1227,
1014, 752, 608; HRMS (TOF-ESI) calc. for C;;H;oNOs (M+H)*, 366.1336; found, 366.1336 .
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'H NMR (500 MHz, CDCls) 6 8.02 (dd, J=7.7, 1.3 Hz, 1H), 7.95 (d, J = 7.4 Hz, 2H), 7.59-7.53 (m, 2H), 7.43-7.40 (m,
2H), 7.34 (d, J = 7.5 Hz, 1H), 7.30-7.24 (m, 1H), 7.17 (d, J = 8.4 Hz, 1H), 7.13 (t, J = 7.5 Hz, 1H), 4.40-4.33 (m, 2H),
3.57 (s, 3H); 3C NMR (126 MHz, CDCly) 6 197.7, 194.0, 171.5, 143.0, 135.7, 135.5, 133.5, 129.1, 128.5, 128.3, 128.1,
126.9, 122.9, 121.0, 114.9, 62.7, 48.5, 30.1; IR (KBr, cm™') v 2920, 1642, 1548, 1462, 1390, 1310, 1215, 1161, 1085,
670; HRMS (TOF-ESI) calc. for Co4H;oNO; (M+H)*, 370.1438; found, 370.1438.

'H NMR (500 MHz, CDCLy) 6 8.65 (dd, J = 4.7, 1.8 Hz, 1H), 8.30 (dd, J = 7.6, 1.8 Hz, 1H), 7.93 (d, J = 7.5 Hz, 2H),
7.57 (t,J= 7.4 Hz, 1H), 7.44 (t, J= 7.7 Hz, 2H), 7.15 (dd, J = 7.6, 4.8 Hz, 1H), 4.17-4.02 (m, 2H), 3.64 (s, 3H), 1.49 (s,
3H); '*C NMR (101 MHz, CDCl3) § 197.9, 196.1, 174.5, 154.4, 154.1, 136.8, 135.5, 133.7, 128.6, 128.4, 118.7, 114.9,
53.7,47.3, 28.8, 24.4; IR (KBr, cm™) v 2921, 1645, 1568, 1551, 1514, 1461, 1388, 720, 609, 517; HRMS (TOF-ESI)
calc. for C;gH;sN,O5 (M+H), 309.1234; found, 309.1235.

'H NMR (500 MHz, CDCl3) & 8.07-8.05 (m, 1H), 7.82 (d, J= 7.6 Hz, 1H), 7.67-7.63 (m, 1H), 7.37-7.34 (m, 1H), 7.28—
7.22 (m, 2H), 7.21-7.18 (m, 2H), 4.04-3.96 (m, 2H), 3.51 (s, 3H), 2.38 (s, 3H), 1.43 (s, 3H); '*C NMR (126 MHz,
CDCly) 6 201.4, 196.5, 173.9, 143.3, 138.5, 136.2, 135.8, 131.8, 131.6, 129.0, 128.3, 125.6, 122.8, 119.6, 114.9, 53.8,
49.1,29.8, 24.5, 21.3; IR (KBr, cm™') v 2929, 1699,1676, 1657,1608,1467, 1345, 1208, 1161, 1101, 788, 513; HRMS
(TOF-ES]I) calc. for C5oH;oNO; (M+H)*, 322.1438; found, 322.1444.
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'"H NMR (400 MHz, CDCl;) ¢ 8.07 (dd, J= 7.7, 1.3 Hz, 1H), 7.68-7.64 (m, 2H), 7.42-7.36 (m, 2H), 7.33-7.18 (m, 3H),
4.13-3.98 (m, 2H), 3.52 (s, 3H), 1.44 (s, 3H); 3C NMR (101 MHz, CDCl3) 6 199.8, 196.3, 173.6, 143.3, 137.0, 135.9,
132.3, 131.8, 130.8, 130.0, 128.4, 126.8, 122.9, 119.6, 114.9, 54.1, 50.2, 29.9, 24.6; IR (KBr, cm™) » 2911, 1651, 1601,
1468, 1397, 1352, 1101, 817, 688, 545; HRMS (TOF-ES]I) calc. for C,oH;sCINO; (M+H)", 342.0891; found, 342.0904.

'"H NMR (500 MHz, CDCl;) ¢ 8.06 (dd, J = 7.7, 1.3 Hz, 1H), 7.75-7.74 (m, 2H), 7.67-7.63 (m, 1H), 7.36 (d, J= 7.5 Hz,
1H), 7.31 (t, J= 7.9 Hz, 1H), 7.24 (d, /= 8.4 Hz, 1H), 7.19 (t, J = 7.5 Hz, 1H), 4.12-4.03 (m, 2H), 3.51 (s, 3H), 2.37 (s,
3H), 1.46 (s, 3H); '3C NMR (126 MHz, CDCl;) ¢ 198.1, 196.5, 173.9, 143.3, 138.2, 135.8, 135.6, 134.2, 128.8, 128.3,
128.3, 125.5, 122.8, 119.5, 114.9, 53.4, 47.0, 29.8, 24.4, 21.2; IR (KBr, cm™') v 2922, 1663, 1595, 1467, 1342, 1298,
1245, 1185, 1098, 767, 618, 521; HRMS (TOF-ESI) calc. for C;0H;yNO; (M+H)", 322.1438; found, 322.1445.

TH NMR (500 MHz, CDCl3) 6 8.05 (d, J=9.0 Hz, 1H), 7.86 (d, /= 7.7 Hz, 1H), 7.66 (t, /= 8.5 Hz, 1H), 7.31 (t, /= 7.9
Hz, 1H), 7.24 (d, J = 8.4 Hz, 1H), 7.19 (t, J = 7.5 Hz, 1H), 4.08-3.99 (m, 2H), 3.50 (s, 3H), 1.46 (s, 3H); 1*C NMR (126
MHz, CDCl3) 6 196.5, 196.2, 173.6, 143.2, 137.3, 136.2, 135.9, 131.3, 130.1, 128.3, 126.8, 122.9, 122.8, 119.5, 114.9,
53.5, 46.6, 29.8, 24.5; IR (KBr, cm™!) v 2922, 1681, 1639, 1618, 1568, 1464, 1209, 1101, 771, 521; HRMS (TOF-ESI)
calc. for C;oHsBrNO; (M+H)*, 386.0386; found, 386.0389.

'H NMR (500 MHz, CDCl3) 6 8.06 (dd, J = 7.7, 1.2 Hz, 1H), 7.97 (dd, J = 8.7, 5.5 Hz, 2H), 7.68-7.65 (m, 1H), 7.25 (d,
J = 8.4 Hz, 1H), 7.20 (t, J = 7.5 Hz, 1H), 7.10 (t, J = 8.6 Hz, 2H), 4.09-4.00 (m, 2H), 3.52 (s, 3H), 1.46 (s, 3H); *C
NMR (126 MHz, CDCls) 6 196.5, 196.2, 173.8, 166.0 (d, Jc_r = 255.3 Hz), 143.3, 135.9, 132.2, 131.0 (d, Jcr = 9.4 Hz),
128.4, 122.9, 119.5, 115.6 (d, Jcr = 21.9 Hz), 114.9, 53.5, 46.7, 29.8, 24.5; IR (KBr, cm™') » 2962, 1657, 1600, 1475,
1383, 1342, 1224, 1104, 843, 759, 557; HRMS (TOF-ES]I) calc. for C;oH;sFNO; (M+H)", 326.1187; found, 326.1191.
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'"H NMR (600 MHz, CDCl;) 6 8.06 (d, J = 7.5 Hz, 1H), 7.79 (d, J = 3.4 Hz, 1H), 7.65 (t, J = 7.7 Hz, 1H), 7.62 (d, ] = 4.8
Hz, 1H), 7.23 (d, J = 8.4 Hz, 1H), 7.19 (t, ] = 7.5 Hz, 1H), 7.12 (t, ] = 4.3 Hz, 1H), 4.08-3.98 (m, 2H), 3.51 (s, 3H), 1.45
(s, 3H). 3C NMR (151 MHz, CDCl;) & 196.3, 190.6, 173.7, 143.3, 142.5, 135.9, 133.95, 132.6, 128.4, 128.0, 122.9,
119.5, 114.9, 53.4, 47.1, 29.8, 24.5; IR (KBr, cm™') v 2925, 1691, 1598, 1508, 1495, 1347, 1231, 1140, 853, 752, 692,
HRMS (TOF-ESI) calc. for C;7H;sNOsS (M+H)*, 314.0845; found, 314.0846.

The compound is inseparable mixture. "H NMR (500 MHz, CDCl3) 6 7.89-7.84 (m, 2H), 7.73-7.70 (m, 2H), 7.59-7.56
(m, 1H), 7.48-7.44 (m, 2H), 7.33-7.27 (m, 2H), 3.68-3.39 (m, 2H), 3.11-1.87 (m, 9H), 0.97-0.82 (m, 3H); '*C NMR
(101 MHz, CDCl;) ¢ 198.4, 198.3, 143.4, 143.3, 136.6, 136.5, 133.9, 133.3, 133.3, 129.6, 128.7, 128.6, 127.91, 127.85,
127.6, 127.4, 54.3, 54.2, 53.2, 52.0, 41.2, 41.0, 38.7, 37.1, 36.5, 35.1, 21.50, 21.47, 16.4, 13.5; IR (KBr, cm™) v 2921,
1641, 1514, 1461, 1390, 1159, 1049; HRMS (TOF-ESI) calc. for C,0H,;NO5S (M+H)*, 358.1471; found, 358.1474.

S8



5. Charts of products

o l—

Zise—

EVO'P
60'7-
2607
zery’

6L
€612
8022
gez')
662
£V i
JEA R
R T
Zeas 7

arg L)
0952
0r9'L

559°2
0494
1662

2564
8508
£/08°

Ph

o]

Feoe

£ 860
00
Lagy
—— 160
| \een

— I
Fego

0.5 0.0 -0.58

1.0

AvipE—
86—

15

2.0

889 —

25

EFEG—

45 4.0 35 3.0

1 (ppm)

5.0

B8 FLIn
556l
rETZLA|
6TBZ I\
EEBTL

racit
Py EEL~
99SEL
pEGEL’

6zErl

545

6.0

6.5

70

7.5

8.0

SEEL—

85

9.0

81 96|~
L8461

9.5

10.0

-10

200 190 180 170 160 150 140 130 120 10 100 90 80 O 60 50 40 30 20 10
1 (ppm)
S9

210



0
TS
(=}
& [ =
)
= 95'rz—
{ e
j
£95'1— loenmis g
2 109b~
= 5697
[ o 95'E5—
Lo
"o
(=}
B
)
o
1O b _ =
" n =+
e —=
pal - i
e
£
o
=N
pa0' L g L ox g
080°24 2 LEBLLy
2 80} 4k =R~ ) . VB ZTIL
v £211— = W i = — Tm b Lo PTOC 1|
060l BEhy Y 5 el
n de < Tmr - s P
SpZ 2 hi s A -0 M mq.mm_l__w..
BIE LT ieid —=w ek REEEL
ZTEE L 61 2 .u e | @ Sy eel
b zee L f = |ue _ 1 e
Sev'2 il e _ L2seVy
Bby L posil & D [FE | fiol | o pLoEL]
e e ey & u.m:: 2 pr Tyl
902 L] o €C'l
L ! 4 207 | w
s L — MM”M f e [~
o~ 1
o LTS | CEDY
seal> 2y B Jpo0z | o
oo PES'L —— %050 | ©
L2087 BFai o | 1Tri—
296 L~ = Fooz o
i
i = Fosol _ ~
[==]
|~ " LE 96 L
© - o 18 261"
(=}
=]

FPh
3b

10

Bn
20

30

40

50

60

70

90 80

100
1 (ppm)
S10

110

120

130

200 190 180 170 160 150 140

210




Lar L —

ElSE—
666'E
PEOP-L
050°%
980°%/

z298'9,
089'9
56991
Zro' i~
§50°2~
P4 TN
L8072
mmz%
zrs L
qmm.h%
9557/
995°2
0452
A
16572
66521
9E6° 2
8€6°2
7564

- Fooe

i
D —— 2 N

— 16
— 560

e G5 |
—— Epg|

1.0 05 0.0 -05

15

35 30 25 20

4.0

105 100 95 9.0 8.5 8.0 75 7.0 6.5 6.0

1.0

al've—

£9'0e—

Lear—

SCre—

9Z60 4
EEB0L
TLOME
pLObL-
£6 041
o b
STET b
B 8Tl
9FEE b,
0LSEL~
EEGEL
zogel’
£GP L—

LE L8~
CLEQL

GEELL

POESI—
EL 61—

Ph

3d

80 70 60 50 40 30 20 10

90

200 190 180 170 160 150 140 130 120

210

S11



EOr 1 —

ogse—

1SEE
£66'E-L
SEOV-T
001"

I
86l 41
012 4]
Hel

92z 41
1T 4
Sz L
Opp 41
95P £
Tiv i
B8Y £
80541
eyl |
L85 L)
695 L%
25’

PP L

LT
Lo 2

Ph
3e

ek Ly
861 44|
0Lz 24|
W=
82z )
ze !
SZh 4o

Opb 24|
950 28
T i
s
505 2|

Zhs 2

155 2

696" 2
245 4

i

rre L
s h.m.
19527

00'E
_

I ‘,flM

|||~.l

I

I

R

— P —
Ol
==l

T e 15 T4 T3

1

ool
680

b}

-

70

72 74

7.8

8.0 79

8.1

1 (ppm)

EE6'C

= [-66}

45
1 (ppm)

1.0 0.5 00 -0.5

15

3.0 25 2.0

35

9.5 9.0 8.5 8.0 7.5 70 6.5 6.0 5.5 5.0

10.0

B5EC—

94'0e—

PISr—

FAS4*

18ELL—
BE LLI—
9E'9T 1y

CTA AR
AR
LPEEL,
lEvEL—
g5l
009l

Wspl—

SEZL—

SOPEI—
FPE 61—

Ph

3e

Ltk L

il ] b

et

90 80 70 60 50 40 30 20 10

100

0
1 (ppm)
S12

200 190 180 170 160 150 140 130 120

210



PP —

BOET—

96rE—

820'%,
1901
807
AN

g€l 4y
GSL A
b2
T4
o |
PSF in

Ly i
0€5 2
Spg i
095 £
9982
pes |
GE6' 2
05847

el gt i e
et

5

S

= Fooe

Fag'e

o=l

—= Tz

35 3.0 25 2.0 15 1.0 0.5 0.0 -0.5

4.0

w—

1 (p

9.5 9.0 8.5 5.0 7.5 70 6.5 6.0 55 5.0

10.0

62027
Z5re—
8262,

E6'9F—

PE'ES—

08'FhL—
PEBLL—
STEZ I

0E BT~

mq.mﬁv
ZSEEVT
OV EEL/F
bASELY
rooe L/
S1ipL

ELELI—

[
Wil

Ph
i

Me

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
S13

210



el —

L05€—

820°F~

£90'P-L
601 b7

rrLr

FATAPA
S¢e' L
GET L7
VL
9GE' 2
[Ac N
LAETL
PLE L
L2184
08E" L
GBE" L
S6E' L~
XA
9EF L
ZSF 4
s L]
6852
PS4
Sel' L
LEL' 2T
37
vl
9C6' L

e

8264
EVEL-

e o

}

=00e

L

=EDE

E=o— N

= =860
Hmhm.o
96’1

502

2 960

] ‘e8'0

e e 1

1.0 0.5 0.0 05

1.5

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20
1 (ppm)

10.0

SE've
LoE—

Bl ir—

BCES—

ZEELLA
Lpbbay
TR
Sroll-"
SL02V
820ZVf
VA%
oszzidf
'8z,
CEAS
Bs el
955elL
vieet

Y LG |~
LFESE

IV ELl—

04566}~
EQ 6L

L I HLllM

80 70 60 50 40 30 20 10

90

200 190 180 170 160 150 140 130 120

210

S14



a5yl —

86y e—

SE0P-
0P
L0VyT
NS

5614
1T 1
£Z8 1
BEr /-
eas
8Y5
£95 4
84S |
165 4
965 2
609°2-
pig s
526
1761
b 2
r10'8 ]
108"

Ph

cl

3h

|

ErOE

10.0

1.0 0.5 0.0 05

15

3.0 25 2.0

35

4.0

8.5 8.0 7.5 7.0 6.5 6.0 5.5

9.0

9.5

Ph

0Eve—

Cl

e00e—

eir—
SP'ES

1581 —
90z L
va/Z)

re Bzl

558z
ELBZV -
zoeel
orgel
g5 se L]
AN

09ELl—

PIre6l—
EQ/BL

3h

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
S15

210



Ph
3Ji

MeQ

el —

Fere—

6E8E—
ZE0F—

6899
7699
ghmw
b9,

Shp L)

LER 2L
EEG 4~

62640,
5P
€208
or0's

|||I|II.\r_H|

—

661

[Ar4
Lo
Loe
880

1.0 0.5 0.0 -0.5

1.5

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20
1 (ppm)

10.0

LLve—
46—

zLar
9625,
2955~

L4001

1801
SYELL—

\Zezh
mm.mﬁw\
PIOEL
e el
895E L

aLsrl

£L88—

0EFLLI—

85 F6|—
94 61—

Ph

3i

MeC

U] |A|\‘M|‘ I ’.J H |

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210

1 (ppm)

S16



(35

0gre—

LE0F
£L0%-L
680V
szh 'y’

2814
s
85T 41
bz
pTy L
BEY L
LES 2
GpG 1k
0952
226 i,
18607
2662
800°8-

Feoe

Fooe

Fooz

/A

1.0 0.5 0.0 -0.5

1.5

95 90 85 80 T5 TH 65 60 55 5 45 A0 35 3D 25 20
1 (ppm)

10.0

orve—
LE6E—

b iv—

IFES—

ETSHI~
18 Lbi—~
ANARN
zeszhy”
ESETI-L
LLBTV—
BYEEL—
PSGEL

sherl—
LEprl—

06ELl—

01561 —
8461

Cl

100

1 (ppm)

80 70 60 50 40 30 20 10

90

200 190 180 170 160 150 140 130 120 10

210

S17



S&P L —

00se—

ZE0t,
850 %L
980 V-7
zzLy’

1ZE 1
0EeL

PrE L
LvE I
ozrs

Cra s
£Er L
sers

LGt 2
ps it
685 4L
72527
[AEVAN
ezs LT
1264
Be6' L

Br

M

L

=00e

=l0E

Feoe

>0}
80
g0t

EE0E

45

1 (ppm)

1.0 0.5 0.0 05

1.5

35 3.0 25 2.0

4.0

9.5 9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 50

10.0

8EvE—
66'62—

SlLip—

05'EG—

TN
a1
GF6L
PE'ST I
PSezL-L
ELBTLT
060
ogeet

FAN 4

98ELl—

2956~
8461

Ph
3k

Er

oVeel—

FEBT L~
FEEZL"

ELBCL—

0g0el—

09'EEl—

EGGEL—

gt e

I

P i

o\JJk—w—v

e R R

: '.‘“.’“‘“‘"'I.L“”’.

127

135

131 129 125
1 (ppm)

133

137

] _HI|IH .

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
518

210



SO —

CESE—

PeE e~
ZEO'b
9907~

98
0EP L
app L
Nmm.&”.
PES L
6YG L
LE L
BE6 L]
peE L]
9564

Ph

MeO.
MeQ

204°9—

I
gL
0Ep 2
zry 2
arp 7
T8 1
28 1|
PES
YA
6P %
195" 2]

g9g 2!
1864
BEG 2L
756 2T
8562

3l

6.8 6.6

7.0

72

————— =650

' (ppm)

7.8 7.6

8.0

1.0 0.5 0.0 -0.5

1.5

3.0 25 2.0

35

95 90 85 80 75 70 65 60 55 50 45
1 (ppm)

100

Z0sg—
06’62

04—
ZHTG,

G985
6295

8z'e6—

2V e0l—
FAAA Y

A A
LA
Ly el
LPEL
SF el
PIShL—

LSEG—

CEPLL—

EE'GE|—
LE L6

MeO Ph
Mel
3l
50 40 30 20 10

60

70

90 80

100

1 (ppm)
S19

190 180 170 160 150 140 130 120 10

200

1o



gyl —

0Z9E—
156°E,
ze6'E-
68077
AR

A A
15074
£LF 4
95 L
645 4
65 I~k
=t
959°2
859/
£99°2-
EY6'L
SpE L
0962~

Ph

Cl

Cl

66
ot

£6°0
960
Ropgy

5.0

100

1.0 05 0.0 05

1.5

30 25 2.0

35

90 85 80 75 70 65 60 55 45
1 (ppm)

95

80ET—

0gie—

SE'9F—
B5ES

P9 EE
zocel)
6T 281
860y |

9EPLL—

FPLS6L—
EG 61

Ph
3m

Cl

cl

T J‘IMhJI, o H |.L‘

-10

80 70 60 50 40 30 20 10

90

200 190 180 170 160 150 140 130 120 110

210

1 (ppm)

S20



000°0—

F6L 1 —

pTge—
650'F
V%.VW
860'f
vei v,
SIE ')
G6E 1
Lery
gop'y

€8l 4
9612
1T 47
EST /7
e
s
ZEF A
ary 2
5PG LN
695 4
15 4

zso A
959 4
699/
789 /]
1064
£76'/
7208
8€0's

Faie

0, 00 Cn O O v

A i e
— DD — I~ 0 =
OO~ —— —

ngm
ﬂ Fasy
Feat

ﬁ_

1.0 05 0.0 -05

1.5

5..[] 45 40 35 30 25 20

6.5

90 85 80 TH TUO

9.5

105

11.5

0Z2'0e—

S6'62—
Fral A

80 45—

£9'89—

Ze'vll
mm.om_,/
ZETTL
wm.mm_,/
Nm.mm_,w
e=g=rA
LOEEIN.
PrSEL-—F
mo.mm_.\

FPrErl—

SOE91~
a0 b

QT PEl—
L8e6L—

OAc
3n
10

Fh
60 50 40 30 20

70

AT Ry

80

ikl
90

100

f1 (ppm)
S21

10

120

170 160 150 140 130

180

190

200

210



1

a A

F—
o o
el
o o2 O
L= =z
PiGE—
1287
£9Ep-L
16T
mm?@ ELbL
Z FiANA
zrhs Zp L
8514 as) s
.v_h_‘.h. [T
.w.vm.h. A _
6vZ L BFE |
mhm.h. STV b
mmm.h. B2 /F .||H..|...uw.
E0E'L7 £0E 4 e
e0es £0E 4 s
PEE L vee s =
i) L S —
. 00 £, )
00v" 44 0ot L —
9t L abr ,__
ber g ey e =
0%5 LE CrA= =.
ol |
785 -

L1062 g

V96 2-F e

ma.i. a0 e

8108 it

1e0s LR _—

re0'8’ DE T et
8108 =
e0a] )
vE0's’

; T2 7.0 6.8
1 (ppm)

7.6

—_—

7.8

5.0

10 0.5 0.0 -0.5

1.5

95 90 85 80 75 70 65 60 55 50 : 40 35 30 25 20
1 (ppm)

10.0

00—

or'er—

Faca—

61l
96°0Z 11|
E6ZTL)
069217
evezit

pE BT
8Y8Z It
0621~
8YEEL—
6V GE LT
0254/

P62y L—

EGLLLI—

LEEGI—
04 261—

10

20

30

40

50

60

70

90 80

100
1 (ppm)
S22

110

120

190 180 170 160 150 140 130

200

mmwmuLvth WWMLWM&WMLJJW JiummemmwwW W !MWMLme\wmm

210



ey —

6E9°E
v20'p,
690 -
8zl b7
ELL D

Ph
3q

Fooe

M

'Tsoe
]
—="luwe

Booy
ooe
HNS.F

|
LHlmm.D
hn“Hl.wm.D

1.0 05 0.0 05

15

3.0 25 2.0

35

9.5 9.0 8.5 5.0 75 7.0 6.5 6.0 55

10.0

9Eve—
24'88—

8Ty

G9ES—

LEFLL—
L98L—

9E8Z 1N,
15821
99 EE b~
05'GEL—
za el

SOFS -,
LJEPSL

38 7%

0196}~
88261

Ph

3q

-10

200 190 180 170 160 150 140 130 120 10 100 90 80 70 60 50 40 30 20 10
1 (ppm)
S23

210



gyl —

9.8C—

FPlSE—

556

LEEE-L

2000

EVOY

1814
2614
90247
0ges

0ET L7
FAXAN
LVE L
8924
E8C 47
FAXWA
9rE LN
B6EE L
pie L
ZEY L]
GED' Y
G192
£99°2)
999'4-
Fle s
62827
6r08

950°8
6508
08

T

——m

L 208
Fi08°

S N

Fooe

=

‘Tesz
}

— 562

IA_I@;

1.0 05 0.0 -0.5

15

3.0 25 2.0

35

95 90 85 80 75 70 65 60 55 50 45
1 (ppm)

10.0

A YA
el dad
[F=Rs T

FlL6r—
8LEG—

E6 I
VB
08221
8551
08T kL
OB I
09 LEL~,
B2 1EL

LLGEVT
vz oE L
0581,
sz Er L

SEELL

FPE961—
0r 10g—

Gl Ll

T At

80 70 60 50 40 30 20 10

90

200 190 180 170 160 150 140 130 120

210

S24



LEW L —

neseE—

00w

wmo.wW
[A:l0n g

£8H Y3
6614
BlE 4
0EE I
LG22
892"
L8849
L6241
B0E" 4
£CE 2
8CE" 4T
99€" /7
C8E" 4
988"/
[0S
e i
LET L
989°/
L4974
08g's

—

as0'e
6508
5.08
808!

=

[3=1 0
mmfm%
m_.w.h./

DET L~
[ITA g
89¢C h“
BOE" 2
ECEL
BZE L
ZEE L
98E .
Zor L
LE9°L
959 h/./,.
Li9L
Dm_m_. hM.

9508y
650°E
5:0'8

sioe/

Tooe

b soseselde o 5

Fosz

Fos
= |
— Tm_r o
— Fesof .
ﬂw 60t
= %mg.m =
b

£ £}

B 880

= 08l i %8.?

- 3, 807

o 88’}

= 880

0.0

[t=]
[t

6.0

10.0

1 (ppm)

F

E9've—
88'6C—

91'05—
20 pE—

6P
1981
887zl

LIS

mm.mm%
98621t
0808 b~

ZOELl—

8296 —
64661

200

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 {ppm)
S25

190

210



65p 1 —

Lo Lr—

(=}
| =
{Ln}
=]
) iz
- Wrz”
. BL 62~
M_

198T— Fooe| BEEG—

605'E— ;Hloo.m o3
0ED'¥ w [

4 (=}
Sa0 VW Mlhm._, I =

Pa0'Y
m:.q\, = -
L o
L= B
i oB
ziVve i i L8P
hm?}f " Lo Al
zoz's 5 0g Nﬁ/
mmm.hM o o E.mﬁ%
05z i~ = lo'l 6282
zis 96T L~ 60} 2 | o PEBZI,
281e ZIE L] — {50 e £98Z)
zoz'. Bze's | = i BLPEl—
EET'L 6VEL = “ zgsel
0522 T i B %mmw
9672 ; | e I
zig. seey B = mmmﬁ\
8ze'. Y e fie
=t 8r9 1\ Tm.o S S0l
poE/ 0594 - zZh'l
s q%.&\. Tm.r e 6601
. L8894 ego|
7 I U §30)
: 1]
ol L L Reaa[® g el —
P92 =
199°2 _
BELY 550'8 72 e
V644 4508 = Ly I
5508 008 \ -
4508 ei08 " Mo 1595~
Qa0 - o . 50861~
£0'8 i
[ o
(=}
K

10

20

30

40

50

60

70

200 180 180 170 160 150 140 130 120 100 90 80
S26

210




511

sose—

0866,
9207\
ovop
9.0t

81147
GV
A
SET 41
75T 4
€67 4
808 4~
pze s
BED /-
95941
£4947F
mmm.k__ﬂ
598 2
op0'a]
a0

01
mmg.r

860
Fooz
1660
ee

1.0 0.5 0.0 -0.58

1.5

3.0 25 2.0

35

4.0

9.5 9.0 8.5 5.0 75 7.0 6.5 6.0 55

10.0

SPre—
6460—

09—

SPES—

B8 kb
SEBhL
AR
1ETTIN
VAN
9T BT I~
L00EL
67 1€

06GE 1]
179l
ze eV,
glerl

BEELLI—

§Z 961~
z5 964

"

N

i

L

Wi

7

W Wt

200 190 180 170 160 150 140 130 120 1f110[ ‘}00 90 80 70 60 50 40 30 20 10
ppm

210

S27



08r1—

815e—

LO0P
9E0 P
2507
80w/

980°47
€014
0Zh' 2+
2814
202 4
AT
laAr
[Ner A
8v9 L,
159 A
599 2
089’2
£89°2
9562
2962
7464
G862
5508
2508
0408
£/0'8

= =00'E

EFioe

L\TS.N
_

660
—=Tg0

r\_wm._,

580

30
=

35 3.0 25 2.0 15 1.0 0.5 0.0 -0.5

4.0

=+

95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0

10.0

£

1 (pp

arri—
FE6E—

89'9F—

BFES—

E67in,
Y-S
§r511/
ESBLL
zeTeh
9E'8T
560~
zoieL
BlZeLr
zasel
BzEY)

EG PO~
9699

LEELL—

FZ 961~

Sias|

il

MNA»MJMMM{JUJMLJ[AU'*Mﬁmhmuww il

w-\w\wnﬂmw.wmwmw

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
S28

210



SYl—

L5 e—

00w
E0F
mo.ww
a0

105

30 25 20 15 140 05 00 -0..5

35

4.0

765 T0 &5

8.0

85

9.0

9.5

100

1.0

05've—
FR6E—

607 Lp—
9E'ES—

B9 P~
BY 6L

hm.mﬁw
vOEzl

9£' 8z

B85 ZE I~
SEEEL—
sgcEl
Z5Th i~
8T R

0LEL—

S5 06—
0E'961—

100

1 (ppm)

80 70 60 50 40 30 20 10

90

200 180 180 170 160 150 140 130 120 10

210

S29



z8 0
£807
5601
i60

b9
8E'ZT
re

z9ZT
v
S9'Z
99z
m@.NJ_
£LT

vz
sz
942
24T
8.2
082
0627
T
76T
962~
962
862
goe’
rOE]
SOE
90E
80€e
60E]
B0ET
oLe
e
zhe
BEE
ore]
¥ E]
Zre]
15 E]
ZSE
g5 e
P e
GSE
age]
LGE]
85'€E

S9'E
99°€"
L9E

LBl
8z -
Lg 2
£g i
s
oF L

8y i
95 /1
85/

65 /1
04 i
b2
Zi
e i
e i
98/
84

[

—

o e e e ]

]

mes'

a5z
¥S0zT
=0l
Epoz
Fooz

45

1 (ppm)

1.0 05 0.0 -0.5

1.5

3.0 25 2.0

35

4.0

9.5 9.0 8.5 8.0 75 70 6.5 6.0 545 5.0

10.0

E L~
Er9l—
T,
0512

S0°SEn
BF 9|
L2ERE
69'8E—
S0 b P
£z b
86'16,
Bl EG-L
9L pST
[

VLT
85 /)
88 /2)
[yt
£98z)
L9821
E9BTL
BZEEL
PEEE o
EEELAL
ES9EL
it
LEEY L

seept”

5T 861~
16861

memmmmﬂwﬂ mmthLmMMNLMM

wmmmemwmmmmmMth

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
S30

210



