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1. General information

All reactions were carried out under air atmosphere in a dried tube. All the reagents
were obtained commercially and used without further purification. Silica gel was
purchased from Qing Dao Hai Yang Chemical Industry Co. Analytical thin layer
chromatography (TLC) was performed on precoated silica gel F,s4 plates. Compounds

were visualized by irradiation with UV light (254 nm).

Analytical information: '"H NMR and '3C NMR spectra data were recorded by a
BRUKER AVANCE III 400 MHz spectrometer (‘H 400 MHz, '3C 100 MHz), using
CDCl; as the solvent with tetramethylsilane (TMS) as the internal standard at room
temperature. '"H NMR spectral data are given as chemical shifts in ppm followed by
multiplicity (s- singlet; d- doublet; t- triplet; g- quartet; m- multiplet), number of protons
and coupling constants. '3C NMR chemical shifts are expressed in ppm. Infrared spectra
were recorded with a Thermo Scientific Nicolet 6700 FT-IR Spectrometer. HRMS data
were obtained using AB SCIEX Triple TOF 5600+ high resolution mass spectrometer
(USA). The products listed below were determined by 'H and '*C NMR spectra. Single
crystal was detected on single crystal diffractometer of Agilent Gemini E with double
light source X-ray. Melting points were measured on a microscopic apparatus and were

uncorrected.
2. Synthesis of N-sulfonyl protected 7-azaindoles

2.1 General procedure for the synthesis of N-sulfonyl protected 7-azaindoles
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R' = Me, Br, |; R = OMe, '‘Bu, Br, Cl, et al. 1

NaH (60% dispersion in mineral oil, 40 mmol) was added at 0 °C to a stirred solution
of 7-azaindoles (16 mmol) in THF (25 ml). Then, sulfonyl chlorides (19.2 mmol) was
added and the resulting mixture was stirred overnight at room temperature. The reaction
mixture was extracted with EtOAc and washed with sat. NH4Cl solution. The combined
organic layer was dried over anhydrous MgSO, and concentrated under reduced
pressure. The resulting crude was purified by flash column chromatography on silica
gel (eluent: PE/EA, 10/1), and the desired N-sulfonyl protected 7-azaindoles was
identified by NMR, HRMS and IR.



2.2 Characterization of the N-sulfonyl protected 7-azaindoles 1b and 1d-f.
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Purification by column chromatography on silica gel (Ry= 0.48, petroleum ether/ethyl
acetate = 3:1) yielded 1b (81.8 mg, 50%) as a white solid; m. p. 154-158 °C; 'H NMR
(400 MHz, CDCl;) ppm: ¢ 8.44 — 8.40 (dd, J = 4.8, 1.6 Hz, 1H), 8.17-8.10 (m, 2H),
7.87-7.81 (dd, J=17.9, 1.6 Hz, 1H), 7.74-7.69 (d, J = 4.0, 1H), 7.20-7.13 (dd, J =7.8,
4.8 Hz, 1H), 6.95-6.89 (m, 2H), 6.60-6.55 (d, J= 4.0 Hz, 1H), 3.81 (s, 3H); 3C NMR
(100 MHz, CDCl;) 164.0, 147.2,144.8, 130.4, 129.9, 129.5,126.4, 122.8, 118.8, 114.2,
105.0, 55.6; IR(KBr): 3141, 3122, 3045, 2941, 1930, 1724, 1592, 1575, 1497, 1402,
1371, 1273, 1166, 1090, 993, 803, 715, 681, 577 cm’!; HRMS (ESI) calcd. for
C14H12N,05S: [M+H]*:289.0641, found: 289.0640.
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Purification by column chromatography on silica gel (R,= 0.48, petroleum ether/ethyl
acetate = 5:1) yielded 1d (39 mg, 24%) as a white solid; m. p. 147-151 °C; '"H NMR
(400 MHz, CDCl;) ppm: 6 8.56-8.40 (dd, J=4.8, 1.6 Hz, 1H), 8.14-8.03 (m, 2H), 7.87-
7.82 (dd, J=7.9, 1.6 Hz, 1H), 7.74-7.71 (d, J = 4.0 Hz, 1H), 7.52-7.45 (m, 2H), 7.21-
7.15 (dd, J = 7.9, 4.8 Hz, 1H), 6.60-6.56 (d, J =4.0 Hz, 1H), 1.28 (s, 9H); 13C NMR
(100 MHz, CDCl;) 158.0, 147.3,144.9, 135.5,129.5, 127.8, 126.5, 126.1, 122.8, 118.8,
105.1, 35.3, 31.0; IR(KBr): 3143, 2960, 1925, 1593, 1519, 1401, 1377, 1274, 1186,
1090, 995, 838, 741, 634, 580, 542 cm'!; HRMS (ESI) caled. for C;7H;gN,O,S:
[M+H]": 315.1162, found: 315.1161.
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Purification by column chromatography on silica gel (R,= 0.38, petroleum ether/ethyl
acetate = 5:1) yielded 1e (42.5 mg, 25%) as a white solid; m. p. 153-156 °C; '"H NMR
(400 MHz, CDCls) ppm: 6 9.19-9.17 (d, J= 1.9 Hz, 1H), 8.54-8.49 (dd, J=8.5, 2.6 Hz,
1H), 8.44-8.40 (dd, /=4.9, 1.6 Hz, 1H), 7.90-7.86 (dd, /= 7.9, 1.6 Hz, 1H), 7.72-7.68
(d, J=4.0 Hz, 1H), 7.47-7.43 (d, J= 8.4 Hz, 1H), 7.25-7.20 (dd, J=7.9, 4.8 Hz, 1H),
6.67-6.63 (d, J=4.0 Hz, 1H); 3C NMR (100 MHz, CDCl;) 156.9, 149.5, 147.1, 145.2,
138.5, 133.9, 130.0, 125.8, 124.6, 122.9, 119.5, 106.3; IR(KBr): 3103, 3044, 1560,
1450, 1385, 1361, 1269, 1181, 1017, 887, 783, 733,577 cm’'; HRMS (ESI) calcd. for
C12HgCIN;O,S: [M+H]*: 294.0099, found: 294.0095.
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Purification by column chromatography on silica gel (R,= 0.40, petroleum ether/ethyl
acetate = 3:1) yielded 1f (196 mg, 66%) as a yellow liquid; 'H NMR (400 MHz, CDCls)
ppm: ¢ 8.52-8.39 (dd, J=4.8, 1.6 Hz, 1H), 8.01-7.93 (dd, J = 7.9, 1.6 Hz, 1H), 7.65-
7.58 (d, J=4.0 Hz, 1H), 7.29-7.22 (dd, J= 7.9, 4.8 Hz, 1H), 6.65-6.58 (d, /= 4.0 Hz,
1H), 3.87-3.75 (q,J = 7.4 Hz, 2H), 1.31-1.21 (t, J= 7.4 Hz, 3H); 3C NMR (100 MHz,
CDCl;) 147.2,144.8,130.0, 126.6, 122.9, 119.0, 104.6, 48.7, 7.6; IR(KBr): 3144, 2942,
1740, 1519, 1363, 1273, 1161, 1049, 994, 892, 730, 598, 550 cm™'; HRMS (ESI) calcd.
for CoH(N,0,S: [M+H]": 211.0536, found: 211.0534.

3. General procedure for the preparation of products 3 and 4.

The preparation of product 3a is representative for the synthesis of the 3-thio-7-

azaindole products.
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To a 10 mL tube, N-sulfonyl protected 7-azaindoles 1 (0.15 mmol), sulfonyl chlorides
2 (0.45 mmol), TBAI (0.45 mmol) and DMF (1.0 mL) were added under the air
atmosphere. The resulting mixture was heated in a 120 °C oil bath with vigorous stirring
for 6 h. Then, the reaction mixture was cooled to room temperature, quenched with a
sat. NH4CI solution and subsequently extracted with ethyl acetate. The combined
organic layers were dried over anhydrous MgSQO,, filtered and the solvent was
evaporated under vacuum. The residue was purified by flash chromatography using
dichloromethane/ethyl acetate (1:1) as eluent affording products 3 or 4 in 38-96%
yields. In general, the identity and purity of the products were confirmed by 'H and '3*C
NMR spectroscopy, HRMS, IR and X-ray diffraction.

4. Characterization data of the products



Purification by column chromatography on silica gel (R,= 0.29, petroleum ether/ethyl
acetate = 3:1) yielded 3a-1 (31.2 mg, 86%), 3a-2 (21.6 mg, 60%), 3a-3 (25.2 mg, 70%),
3a-4 (24.9 mg, 69%), 3a-5 (21.7 mg, 60%), 3a-6 (19.5 mg, 54%) as a white solid; m.
p. 133-136 °C; 'H NMR (400 MHz, CDCl;) ppm: 11.38 (s, 1H), 8.38 (s, 1H), 8.00-
7.900 (dd, J = 7.8, 1.3 Hz, 1H), 7.67 (s, 1H), 7.17-7.11 (dd, J = 7.8, 4.8 Hz, 1H), 7.06-
7.01 (dd, J = 6.3, 1.9 Hz, 2H), 7.01-6.96 (d, J = 8.3 Hz, 2H) 2.26 (s, 3H); 13C NMR
(100 MHz, CDCl;) 149.0 143.6 135.1 134.9 131.2 129.6 128.4 126.6, 121.9, 116.9,
102.5, 20.9;IR(KBr): 3130, 3018, 2918, 2854, 1894, 1605, 1588, 1489, 1283, 1112,
1083, 893, 803, 769, 614, 571 cm’'; HRMS (ESI) calcd. for Ci4HpN,S: [M+H]":
241.0794, found: 241.0791.
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Purification by column chromatography on silica gel (R,= 0.48, petroleum ether/ethyl
acetate = 1:1) yielded 3b (34.9 mg, 91%) as a yellow liquid; '"H NMR (400 MHz,
CDCl;) ppm: 0 11.10 (s, 1H), 8.40-8.33 (d, J = 4.8 Hz, 1H), 7.98-7.91 (d, J = 7.9Hz,
1H), 7.64 (s, 1H), 7.19-7.09 (m, 3H), 6.81-6.71 (d, J = 8.8 Hz, 2H), 3.74 (s, 3H); '3C
NMR (100 MHz, CDCl,) 158.1, 149.1, 143.4, 130.8, 129.0, 128.9, 128.4, 121.9, 116.8,
114.6, 103.5, 55.3; IR(KBr): 3083, 2979, 2918, 2867, 1588, 1493, 1461, 1411, 1334,
1283, 1173, 1029, 893, 806, 765, 612, 571, 523, 504 cm’'; HRMS (ESI) calcd. for
Ci4sHpN,OS: [M+H]": 257.0743, found: 257.0742.
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Purification by column chromatography on silica gel (R,= 0.30, petroleum ether/ethyl
acetate = 3:1) yielded 3¢ (30.7 mg, 73%) as a white solid; m. p. 158-163 °C; '"H NMR
(400 MHz, CDCl3) ppm: 6 11.36 (s, 1H), 8.46-8.38 (dd, J=4.8, 1.6 Hz, 1H), 8.04-7.96
(dd, J=7.9, 1.5 Hz, 1H), 7.67 (s, 1H), 7.22-7.19 (m, 2H), 7.18-7.14 (dd, J=7.9, 4.8 Hz,
1H), 7.08-7.03 (m, 2H), 1.25 (s, 9H); *C NMR (100 MHz, CDCls) 149.1, 148.3, 143.4,
135.2,131.6, 128.5,126.0, 125.9, 122.2, 116.8, 102.0, 34.3, 31.3; IR(KBr): 3135, 2954,
2860, 1677, 1587, 1497, 1415, 1312, 1283, 1116, 895, 839, 767, 618, 546, 504 cm’!;
HRMS (ESI) calcd. for C17H gN,S: [M+H]":283.1263, found: 283.1260.
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Purification by column chromatography on silica gel (R,= 0.60, petroleum ether/ethyl
acetate = 1:1) yielded 3d (40.4 mg, 89%) as a white solid; m. p. 210-213 °C; 'H NMR
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(400 MHz, CDCls) ppm: 6 11.08 (s, 1H), 8.46-8.37 (dd, J=4.8, 1.6 Hz, 1H), 7.94-7.87
(dd, J=7.9, 1.6 Hz, 1H), 7.68 (s, 1H), 7.30-7.26 (m, 2H), 7.20-7.13 (dd, J=7.9, 4.8 Hz,
1H), 6.99-6.94 (m, 2H); 3C NMR (100 MHz, CDCl;) 149.1, 143.8, 138.0, 131.8, 131.8,
128.3,127.6, 121.7, 118.7, 117.0, 101.0; IR(KBr): 3129, 3076, 2916, 1587, 1470, 1412,
1277, 1114, 1083, 1007, 893, 811, 773, 613, 570, 511 cnr'; HRMS (ESI) caled. for
C13HoBIN,S: [M+H]*: 304.9743, found: 304.9740.
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Purification by column chromatography on silica gel (Ry= 0.50, petroleum ether/ethyl
acetate = 1:1) yielded 3e (35 mg, 96%) as a white solid; m. p. 176-179 °C; 'H NMR
(400 MHz, CDCl;) ppm: 0 11.11 (s, 1H), 8.42-8.39 (dd, J=4.8, 1.5 Hz, 1H), 7.94-7.90
(dd, /=79, 1.6 Hz, 1H), 7.68 (s, 1H), 7.19-7.13 (dd, J=7.9, 4.8 Hz, 1H), 7.13-7.08 (m,
2H), 6.93-6.85 (m, 2H); *C NMR (100 MHz, CDCl3) 161.1 (d, J = 243.3 Hz), 149.1,
143.8,133.51,133.47,131.4,128.3, 128.2, 121.8, 117.0, 116.0, 115.8, 102.3; IR(KBr):
3128, 3073, 2916, 1589, 1487, 1410, 1308, 1281, 1212, 1112, 1081, 1011, 891, 821,

769, 616,571,502 cm™'; HRMS (ESI) caled. for C3HoFN,S: [M+H]*: 245.0543, found:
245.0539.
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Purification by column chromatography on silica gel (R,= 0.56, petroleum ether/ethyl
acetate = 1:1) yielded 3f (41.1 mg, 93%) as a white solid; m. p. 159-164 °C; 'H NMR
(400 MHz, CDCl;) ppm: 0 10.99 (s, 1H), 8.46-8.40 (dd, J=4.7, 1.6 Hz, 1H), 7.94-7.88
(dd, J=17.9, 1.6 Hz, 1H), 7.71 (s, 1H), 7.45-7.37 (d, J=8.2 Hz, 2H), 7.21-7.16 (dd, J =
7.9,4.8 Hz, 1H), 7.16 — 7.11 (d, J= 8.2 Hz, 2H); *C NMR (100 MHz, CDCl;) 149.2,
144.3,143.7,132.4, 128.4, 127.1 ( q, J =33 Hz), 125.64, 125.57, 125.4, 124.8 (q, J =
270 Hz), 121.9,117.1, 99.8; IR(KBr): 3078, 2987, 2919, 1606, 1589, 1409, 1334, 1281,
1158, 1112, 1086, 961, 892, 825, 769, 615, 572, 507 cm'; HRMS (ESI) calcd. for
Ci14HoF;3N,S: [M+H]™: 295.0511, found: 295.0510.
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Purification by column chromatography on silica gel (Ry= 0.49, petroleum ether/ethyl
acetate =1:1) yielded 3g (30.2 mg, 89%) as a white solid; m. p. 175-178 °C; '"H NMR
(400 MHz, CDCl;) ppm: 0 11.49 (s, 1H), 8.44-8.37 (dd, J=4.8, 1.6 Hz, 1H), 8.00-7.90
(dd, /=79, 1.6 Hz, 1H), 7.70 (s, 1H), 7.21-7.13 (m, 3H), 7.13-7.03 (dd, J = 16.0, 7.5
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Hz, 3H); *C NMR (100 MHz, CDCl;) 149.2, 143.5, 138.8, 131.8, 128.8, 128.5, 126.0,
125.1, 122.1, 116.9, 101.5; IR(KBr): 3062, 2920, 1607, 1579, 1475, 1412, 1310, 1284,
1124, 1082, 1012, 964, 893, 794, 770, 736, 617, 572, 504 cm™'; HRMS (ESI) calcd. for
Ci3HoN,S: [M+H]": 227.0637, found: 227.0633.
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Purification by column chromatography on silica gel (R,= 0.56, petroleum ether/ethyl
acetate = 1:1) yielded 3h (36.6 mg, 80%) as a white solid; m. p. 116-118 °C; 'H NMR
(400 MHz, CDCl;) ppm: 0 10.62 (s, 1H), 8.46-8.37 (dd, J=4.8, 1.6 Hz, 1H), 7.96-7.89
(dd, J =79, 1.5 Hz, 1H), 7.68 (s, 1H), 7.22-7.19 (dd, J = 6.3, 1.6 Hz, 2H), 7.19-7.16
(m, 1H), 7.08-6.96 (m, 2H); 13C NMR (100 MHz, CDCl;) 149.1, 143.7, 141.4, 132.1,
130.1, 128.4, 128.3, 128.1, 124.4, 123.0, 121.9, 117.1, 100.5; IR(KBr): 3072, 2915,
1589, 1572, 1458, 1412, 1308, 1283, 1111, 1010, 894, 834, 768, 672, 571 cm™!; HRMS
(ESI) calcd. for C13HoBrN,S: [M+H]*: 304.9743, found: 304.9738.
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Purification by column chromatography on silica gel (R,= 0.41, petroleum ether/ethyl
acetate = 3:1) yielded 3i (37.2 mg, 95%) as a yellow liquid; "H NMR (400 MHz, CDCls)
ppm: 0 11.92 (s, 1H), 8.45-8.42 (dd, J=4.8, 1.6 Hz, 1H), 7.97-7.93 (dd, J=7.8, 1.6 Hz,
1H), 7.73 (s, 1H), 7.21-7.17 (dd, J= 7.9, 4.8 Hz, 1H), 7.13-7.07 (m, 1H), 7.06-7.02 (m,
2H), 7.00-6.96 (dt, J = 7.7, 1.5 Hz, 1H); 3C NMR (100 MHz, CDCl;) 149.2, 143.6,
141.2, 134.8, 132.3, 129.8, 128.4, 125.5, 125.2, 123.9, 122.0, 117.0, 100.3; IR(KBr):
3132, 2976, 2870, 1574, 1498, 1409, 1337, 1282, 1109, 893, 795, 768, 677, 618, 570,
503 cm!'; HRMS (ESI) caled. for C;3HyCIN,S: [M+H]": 261.0248, found: 261.0247.
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Purification by column chromatography on silica gel (R,= 0.37, petroleum ether/ethyl
acetate = 3:1) yielded 3j (30.5 mg, 85%) as a white solid; m. p. 102-105 °C; '"H NMR
(400 MHz, CDCl;) ppm: 0 11.31 (s, 1H), 8.48-8.35 (dd, /=4.8, 1.6 Hz, 1H), 7.95-7.89
(dd, /=79, 1.6 Hz, 1H), 7.67 (s, 1H), 7.20-7.10 (dd, J = 7.7, 4.9 Hz, 2H), 7.04-6.96
(td, J=17.4, 1.4, 1H), 6.95-6.88 (m, 1H), 6.79-6.65 (d, J = 9.2, 1H), 2.49 (s, 3H); 13C
NMR (100 MHz, CDCls) 149.2, 143.6, 137.8, 134.6, 131.8, 130.0, 128.5, 126.3, 125.4,
124.8, 122.2,116.9, 101.1, 19.9; IR(KBr): 3067, 2922, 2561, 1587, 1466, 1410, 1336,
1313, 1283, 1124, 1044, 1013, 893, 792, 771, 749, 620, 572, 502 cm'!; HRMS (ESI)
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caled. for C14H,N,S: [M+H]": 241.0794, found: 241.0791.
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Purification by column chromatography on silica gel (Ry= 0.60, petroleum ether/ethyl
acetate = 1:1) yielded 3k (34.5 mg, 88%) as a white solid; m. p. 167-171 °C; 'H NMR
(400 MHz, CDCl3) ppm: ¢ 11.70 (s, 1H), 8.50-8.37 (d, J =3.3 Hz, 1H), 8.00-7.91 (m,
1H), 7.73 (s, 1H), 7.40-7.30 (m, 1H), 7.22-7.15 (dd, J =7.9, 4.8 Hz, 1H), 7.05-6.98 (td,
J=1.5,1.7 Hz, 1H), 7.00-6.91 (m, 1H), 6.70-6.60 (dd, J =7.9 Hz, 1.7, 1H); *C NMR
(100 MHz, CDCl;) 149.3, 143.7,138.2, 132.6, 130.3, 129.4, 128.5, 127.0, 126.3, 125.7,
122.1, 117.1, 99.8; IR(KBr): 3131, 2919, 1589, 1572, 1489, 1447, 1431, 1412, 1313,
1281, 1121, 1029, 895, 823, 793, 771, 743, 614, 572, 514 cm’!'; HRMS (ESI) calcd. for
Ci3HoCIN,S: [M+H]*: 261.0248, found: 261.0247.
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Purification by column chromatography on silica gel (R,= 0.49, petroleum ether/ethyl
acetate = 1:1) yielded 31 (31.4 mg, 86%) as a white solid; m. p. 170-175 °C; '"H NMR
(400 MHz, CDCl;) ppm: 6 11.02 (s, 1H), 8.45-8.38 (dd, J=4.8, 1.6 Hz, 1H), 7.99-
7.92 (dd,J=17.9, 1.6 Hz, 1H), 7.71 (s, 1H), 7.20-7.15 (dd, J="7.9, 4.8 Hz, 1H), 7.11-
7.00 (m, 2H), 6.91-6.85 (dt, J=8.0, 1.6 Hz, 1H), 6.84-6.77 (td, J=7.8, 1.7 Hz, 1H);
3C NMR (100 MHz, CDCls) 160.5, 158.0, 149.1, 143.8, 132.1, 128.3, 126.8 (d, J =
7.4 Hz), 1259 (d,J=16.8 Hz), 124.4 (d, J= 3.5 Hz), 122.0, 117.1, 115.3 (d, /= 20.1),
99.8; IR(KBr): 3074, 2922, 1607, 1591, 1467, 1414, 1285, 1257, 1216, 1124, 1064,
894, 818, 745, 619, 572, 506 cm'; HRMS (ESI) calcd. for C;3HoFN,S: [M+H]":
245.0543, found: 245.0541.
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Purification by column chromatography on silica gel (R,= 0.39, petroleum ether/ethyl
acetate = 3:1) yielded 3m (34.9 mg, 87%) as a yellow solid; m. p. 160-165 °C; 'H NMR
(400 MHz, CDCl;) ppm: 0 10.32 (s, 1H), 8.32-8.24 (dd, J=4.8, 1.5 Hz, 1H), 7.82-7.73
(dd, J=7.9, 1.5 Hz, 1H), 7.20 (s, 1H), 7.06-7.01 (dd, J=7.9, 4.8 Hz, 1H), 6.91 (s, 2H),
2.51 (s, 6H), 2.26 (s, 3H); *C NMR (100 MHz, CDCl;) 148.6, 143.2, 142.2, 138.2,
129.3,128.0, 126.5, 126.1, 121.0, 116.1, 106.6, 22.1, 21.0; IR(KBr): 3128, 2917, 1603,
1584, 1414, 1376, 1310, 1284, 1128, 1003, 893, 853, 798, 766, 609, 574, 511 cm;
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HRMS (ESI) calcd. for Ci¢H;¢N,S: [M+H]*: 269.1107, found: 269.1106.

3n

Purification by column chromatography on silica gel (Ry= 0.49, petroleum ether/ethyl
acetate = 3:1) yielded 3n (34.3 mg, 65%) as a yellow solid; m. p. 213-215 °C; 'TH NMR
(400 MHz, CDCl;) ppm: 0 10.28 (s, 1H), 8.31-8.25 (d, J= 3.2 Hz, 1H), 7.91-7.84 (dd,
J=179,1.5Hz, 1H), 7.09-7.05 (dd, J=7.9, 4.7 Hz, 1H), 7.04 (s, 2H), 6.95 (s, 1H), 4.10-
3.99 (m, 2H), 2.94-2.83 (m, 1H), 1.27-1.25 (d, J = 6.9 Hz, 6H), 1.17-1.12 (d, J = 6.9
Hz, 12H); 3C NMR (100 MHz, CDCl3) 152.7, 149.9, 148.5, 143.1, 127.9, 127.4, 124.5,
122.0, 120.3, 115.8, 109.2, 34.2, 31.6, 24.3, 23.9; IR(KBr): 3125, 3079, 2957, 2922,
1585, 1416, 1361, 1309, 1286, 1107, 894, 791, 769, 609, 576, 512 cm-'; HRMS (ESI)
calcd. for Cy,HygN,S: [M+H]*: 353.2046, found: 353.2043.

Purification by column chromatography on silica gel (R,= 0.29, petroleum ether/ethyl
acetate = 3:1) yielded 30 (34.6 mg, 84%) as a yellow liquid; '"H NMR (400 MHz,
CDCl;) ppm: 0 12.33 (s, 1H), 8.35-8.31 (dd, J=4.7, 1.6 Hz, 1H), 8.03 — 8.00 (d, J =
2.6 Hz, 1H), 7.85-7.76 (m, 3H), 7.71-7.66 (m, 1H), 7.56-7.52 (d, /= 1.9 Hz, 1H), 7.46
—7.38 (tt, J=6.9, 5.2 Hz, 2H), 7.27-7.22 (dd, J=8.6, 1.9 Hz, 1H), 7.15-7.10 (dd, J=7.9,
4.6 Hz, 1H); 3C NMR (100 MHz, CDCl;) 149.0, 143.7, 136.1, 133.3, 133.2, 130.9,
128.5,127.6, 126.74, 126.68, 126.66, 125.4, 124.4, 123.1, 120.9, 116.6, 98.5; IR(KBr):
3062,2920, 2808, 1621, 1588, 1488, 1413, 1310, 1284, 1125, 1012, 894, 852, 809, 773,
619, 571, 504 cm’'; HRMS (ESI) calcd. for C7H{,N,S: [M+H]": 277.0794, found:
277.0789.

—N
Ney
Cry

N \

H
3p
Purification by column chromatography on silica gel (Ry= 0.59, petroleum ether/ethyl
acetate = 1:1) yielded 3p (24.3 mg, 62%) as a white solid; m. p. 140-143 °C; '"H NMR
(400 MHz, CDCl;) ppm: 0 11.88 (s, 1H), 8.51-8.39 (dd, J=4.8, 1.5 Hz, 1H), 8.21-8.13
(m, 1H), 7.97-7.90 (dd, J = 7.9, 1.5 Hz, 1H), 7.74 (s, 1H), 7.33-7.28 (dd, J = 8.4, 2.6
Hz, 1H), 7.23-7.17 (dd, J=17.9, 4.8, 1H), 7.14-7.07 (dd, J = 8.4, 0.8 Hz, 1H); 1*C NMR
(100 MHz, CDCl3) 149.2, 148.2, 146.9, 143.8,136.4, 135.0, 132.2, 128.2, 124.2, 121.6,
9



117.2, 99.4; IR(KBr): 3073, 2841, 1582, 1547, 1443, 1409, 1352, 1276, 1112, 1011,
893, 821, 795, 722, 612, 568, 501 cm!'; HRMS (ESI) calcd. for C;,HgCIN;S: [M+H]":
262.0200, found: 262.0196.

o

Cr
NN
H
3q

Purification by column chromatography on silica gel (Ry= 0.29, petroleum ether/ethyl
acetate = 3:1) yielded 3q (13.8 mg, 52%) as a yellow liquid; '"H NMR (400 MHz,
CDCl;) ppm: 6 11.50 (s, 1H), 8.39-8.36 (dd, J=4.8, 1.6 Hz, 1H), 8.14-8.08 (dd, J=7.9,
1.6 Hz, 1H), 7.53 (s, 1H), 7.21-7.16 (dd, J = 7.8, 4.8 Hz, 1H), 2.76-2.67 (q, J=7.3 Hz,
2H), 1.24-1.17 (t, J=7.3 Hz, 3H); 13C NMR (100 MHz, CDCl;) 149.0, 143.0, 130.6,
128.1, 122.7, 116.3, 104.2, 30.6, 15.3; IR(KBr): 3070, 2916, 1585, 1444, 1410, 1334,
1284, 1110, 1006, 893, 789, 768, 614, 570, 503 cm'; HRMS (ESI) calcd. for CoH;(N,S:
[M+H]": 179.0637, found: 179.0634.

DS
NT N
H
3r
Purification by column chromatography on silica gel (R,= 0.30, petroleum ether/ethyl
acetate = 3:1) yielded 3r (13 mg, 46%) as a yellow solid; m. p. 103-106 °C; 'H NMR
(400 MHz, CDCl;) ppm: 0 10.56 (s, 1H), 8.44-8.34 (dd, J=4.8, 1.6 Hz, 1H), 8.14-8.03
(dd, J=17.8, 1.5 Hz, 1H), 7.52-7.44 (d, J = 4.2 Hz, 1H), 7.22-7.13 (m, 1H), 2.21-2.12
(tt, J=7.4,4.3 Hz, 1H), 0.85-0.79 (td, J = 6.9, 4.6 Hz, 2H), 0.70-0.65 (dt, /= 6.8, 4.5
Hz, 2H); *C NMR (100 MHz, CDCl;) 148.8, 143.3, 128.9, 128.1, 122.1, 116.5, 105.9,
16.8, 8.7; IR(KBr): 3084, 2920, 1586, 1487, 1441, 1409, 1282, 1114, 1006, 892, 872,
820, 767,617,502 cm'; HRMS (ESI) calcd. for C1oH oN,S: [M+H]": 191.0637, found:
191.0633.

Me
S

4a

Purification by column chromatography on silica gel (Ry= 0.30, petroleum ether/ethyl
acetate = 3:1) yielded 4a (26.6 mg, 70%) as a white solid; m. p. 154-157 °C; '"H NMR
(400 MHz, CDCl;) ppm: 0 10.65 (s, 1H), 8.30-8.25 (dd, /=4.9, 1.6 Hz, 1H), 7.87-7.81
(dd, J=7.7,1.6 Hz, 1H), 7.13-7.07 (dd, /= 7.8, 4.8 Hz, 1H), 7.01-6.97 (d, J = 8.4 Hz,
2H), 6.97-6.93 (d, J =8.4, 2H), 2.61 (s, 3H), 2.25 (s, 3H); 3C NMR (100 MHz, CDCl;)
148.4, 142.3, 142.2, 135.2, 134.7, 129.6, 127.2, 125.9, 123.3, 116.8, 98.6, 20.8, 12.3;
IR(KBr): 2916, 2847, 1589, 1531, 1490, 1410, 1280, 1116, 1016, 927, 802, 768, 661,
504 cm!'; HRMS (ESI) caled. for CsH 4N,S: [M+H]": 255.0950, found: 255.0946.
10



Purification by column chromatography on silica gel (R,= 0.40, petroleum ether/ethyl
acetate = 3:1) yielded 4b (29.2 mg, 53%) as a white solid; m. p. 168-171 °C; '"H NMR
(400 MHz, CDCl;) ppm: 0 13.92 (s, 1H), 8.41-8.38 (dd, J=4.9, 1.6 Hz, 1H), 7.94-7.90
(dd, J=17.9, 1.5 Hz, 1H), 7.20-7.16 (dd, /= 7.9, 4.8 Hz, 1H), 7.08-7.04 (d, J = 8.3 Hz,
2H), 7.03-6.99 (d, J = 8.2 Hz, 2H), 2.26 (s, 3H); 13C NMR (100 MHz, CDCl;) 147.2,
142.3, 135.5, 133.6, 132.3, 129.7, 128.2, 127.0, 123.3, 117.3, 99.8, 20.9; IR(KBr):
2970, 2659, 1584, 1493, 1411, 1343, 1280, 1085, 1016, 917, 806, 768, 630, 569 cm!;
HRMS (ESI) calcd. for C4H;IN,S: [M+H]*: 366.9760, found: 366.9762.

Neg
N“ TN
H
4c
Purification by column chromatography on silica gel (Ry= 0.29, petroleum ether/ethyl
acetate = 3:1) yielded 4¢ (29.8 mg, 72%) as a white solid; m. p. 217-220 °C; '"H NMR
(400 MHz, CDCl3) ppm: 0 9.80 (s, 1H), 8.28-8.13 (d, /= 5.2 Hz, 1H), 7.65-7.55 (d, J
= 2.4 Hz, 1H), 7.15-7.09 (d, J = 5.2 Hz, 1H), 7.08-7.03 (m, 2H), 7.03-6.98 (d, J =8.5
Hz, 2H), 2.27 (s, 3H); 13C NMR (100 MHz, CDCls) 149.8, 144.2, 137.5, 136.0, 135.2,
132.4,129.6, 126.7, 118.7, 118.4, 103.1, 20.9; IR(KBr): 3083, 2911, 1605, 1567, 1492,
1327, 1297, 1197, 1085, 951, 831, 802, 618, 600,544 cm™'; HRMS (ESI) calcd. for
Ci4H;CIN,S: [M+H]": 275.0404, found: 275.0399.

Rew
Brm
N \

H

4d
Purification by column chromatography on silica gel (R,= 0.39, petroleum ether/ethyl
acetate = 3:1) yielded 4d (17.9 mg, 38%) as a white solid; m. p. 235-237 °C; '"H NMR
(400 MHz, CDCl;) ppm: 0 9.85 (s, 1H), 8.41-8.38 (d, /= 2.1 Hz, 1H), 8.06-8.03 (d, J
=2.1 Hz, 1H), 7.63-7.61 (d, J = 2.5 Hz, 1H), 7.02 (s, 4H), 2.27 (s, 3H); 3C NMR (100
MHz, CDCl;) 147.2, 144.7, 135.5, 134.2, 132.3, 130.4, 129.7, 126.7, 123.4, 113.0,
102.7, 20.9; IR(KBr): 3120, 2922, 1568, 1490, 1433, 1284, 1114, 1015, 902, 801, 627,
520 cm!'; HRMS (ESI) calcd. for C4H;;BrN,S: [M+H]*: 318.9899, found: 318.9902.
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5. Single-crystal X-ray structure of 3b

Figure S1. Single-crystal X-ray Structure of 3b

The structure of 3b was determined by the X-ray diffraction. Compound 3b was

recrystallized from Ethyl acetate. Further information can be found in the CIF file. This

crystal was deposited in the Cambridge Crystallographic Data Centre and assigned as

CCDC 2018442.

Table S1. Crystal data and structure refinement for 3b.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

o

o/
pre

y/°

Volume/A3

Z

Pealcg/cm’
wmm-!

F(000)

Crystal size/mm?

20200771
Ci4sH1,N,0S
256.32
293(2)
monoclinic
P2,/c
14.7203(9)
5.3408(3)
16.4985(9)
90
106.533(6)
90
1243.46(13)
4

1.369

2.215

536.0
0.15x 0.1 x0.09

12



Radiation CuKa (A =1.54184)

20 range for data collection/® 11.162 to 134.134

Index ranges -17<h<17,-4<k<6,-17<1<19
Reflections collected 4561

Independent reflections 2222 [Rint = 0.0263, Rgigma = 0.0425]
Data/restraints/parameters 2222/0/168

Goodness-of-fit on F2 1.038

Final R indexes [[>=2c (I)] R;=0.0454, wR, = 0.1081

Final R indexes [all data] R;=0.0640, wR, =0.1234

Largest diff. peak/hole / ¢ A~ 0.18/-0.22

Table S2. Fractional Atomic Coordinates (x10*) and Equivalent Isotropic
Displacement Parameters (A2x10%) for 3b. U, is defined as 1/3 of of the trace of
the orthogonalised Uy, tensor.

Atom X y V4 U(eq)
S1 6710.6(5) -280.9(14) 8079.3(4) 50.2(2)
Ol 10898.8(14) -8(4) 8850.1(15) 70.8(7)
N1 5464.8(15) 3927(4) 6121.8(13) 41.0(5)
N2 5787.0(14) 2245(4) 4880.6(12) 39.9(5)
C1 5723.2(17) 3337(5) 6964.7(15) 42.8(6)
C2 6284.4(17) 1258(5) 7108.4(15) 40.3(6)
C3 6397.8(16) 498(5) 6308.2(15) 35.9(5)
C4 5876.7(16) 2236(5) 5712.4(15) 36.0(5)
Cs 6860.3(17) -1404(5) 6013.3(16) 42.8(6)
Cé 6768.2(19) -1445(5) 5157.1(16) 45.9(6)
C7 6244.4(18) 369(5) 4629.9(16) 45.8(6)
C8 7962.1(18) -177(5) 8279.8(15) 41.9(6)
C9 8485(2) -2030(6) 8777.5(18) 55.1(8)
C10 9466(2) -2020(6) 8993.3(19) 59.8(8)
Cll1 9934(2) -174(6) 8691.7(18) 52.2(7)
C12 9416(2) 1683(6) 8179.2(19) 58.9(8)
C13 8437(2) 1691(5) 7982.0(18) 54.3(7)
Cl14 11451(2) -1996(7) 9316(2) 78.1(11)

Table S3. Anisotropic Displacement Parameters (A2x103) for 3b. The Anisotropic
displacement factor exponent takes the form: -27? [h2a*2U;+2hka*b*U,+...].

Atom Un Uz, Uss Uy Uz Uz
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Sl
Ol
N1
N2
Cl
C2
C3
C4
C5
Co
C7
C8
C9
C10
Cl1
C12
C13
Cl14

47.7(4)

48.1(12)
40.8(11)
40.8(11)
41.7(14)
38.1(13)
32.0(12)
32.5(12)
40.7(14)
50.9(15)
49.2(15)
45.1(14)
57.6(17)
57.3(18)
45.7(15)
57.3(18)
53.9(17)
53.0(18)

67.8(5)
73.6(16)
40.9(13)
43.3(12)
50.0(16)
48.2(15)
38.2(14)
38.2(13)
42.5(15)
43.4(15)
53.1(17)
47.3(15)
54.2(18)
60(2)
57.1(18)
52.1(18)
49.4(17)
79(3)

35.9(4)
84.7(17)
38.7(12)
33.8(11)
36.9(13)
34.4(13)
36.9(13)
35.1(13)
44.3(14)
45.9(15)
36.1(14)
31.1(12)
55.9(18)
60.1(19)
50.1(16)
62.4(19)
52.4(17)
94(3)

Table S4 Bond Lengths for 3b.
Atom Atom Length/A Atom Atom Length/A

S1

Sl

Ol
01
N1
N1
N2
N2
Cl
C2

Table S5 Bond Angles for 3b.

C2
C8
Cl1
Cl4
Cl
C4
C4
C7
C2
C3

1.750(2)
1.777(3)
1.372(3)
1.422(4)
1.370(3)
1.368(3)
1.341(3)
1.337(3)
1.364(4)
1.435(3)

C3
C3
C5
C6
C8
C8
C9
C10
Cl1
Cl12

Atom Atom Atom Angle/

C2

S1

C8

C4
C5
C6
C7
C9
C13
C10
Cl1
C12
C13

Atom Atom Atom Angle/°

103.78(12) C6 C5 C3

1.410(3)
1.386(3)
1.380(3)
1.381(4)
1.373(3)
1.386(4)
1.385(4)
1.374(4)
1.383(4)
1.384(4)

14

12.1(3)
4.7(12)
1.5(10)
1.5(9)
2.4(12)
2.6(11)
1.1(11)
-1.4(10)
5.0(12)
-2.6(13)
-3.8(12)
0.4(11)
16.7(14)
16.0(15)
-6.6(14)
8.9(15)
13.7(14)
-5(2)

117.1Q2)

13.3(3)
9.3(11)
7.1(9)
7.8(9)
11.5(11)
9.8(10)
8.9(10)
6.0(10)
10.5(11)
18.0(12)
13.7(11)
7.5(10)
19.8(14)
13.5(15)
7.5(12)
9.3(15)
3.4(13)
8.0(18)

6.9(3)
3.7(11)
7.1(10)
-1.7(10)
2.3(12)
0.1(12)
-1.1(10)
-4.5(10)
4.9(12)
6.0(13)
-3.1(13)
4.9(12)
10.6(14)
19.8(16)
2.7(14)
-8.4(15)
2.4(14)
17.8(18)



Cll1
C4
C7
C2
Cl
Cl
C3
C4
C5
(O]
N1
N2
N2

Ol
N1
N2
Cl
C2
C2
C2
C3
C3
C3
C4
C4
C4

Cl4 117.13)

Cl  108.4(2)
C4  113.7(2)
NI 110.1(2)
S1 125.72)
C3  107.1(2)
S1 1272(2)
C2  105.8(2)
2 136.7(2)
c4  117.5(2)
C3  108.7(2)
NI  125.1(2)
C3  126.3(2)

C5
N2
C9
C9
C13
C8
Cll1
01
Ol
C10
Cll1
Ci12

Table S6 Hydrogen Bonds for 3b.
D H A d(D-H)A d(H-A)/A d(D-A)/A D-H-A/

N1 HI N2' 0.86(3)

2.08(3)

2.928(3) 171(3)

Table S7 Torsion Angles for 3b.
A B C D Angle/
S1 C2 C3 C4 175.99(19)
S1 C2 C3 C5 -3.6(4)

S1 C8 C9 C10-177.2(2)
S1 C8 C13C12178.5(2)

O1 C11 C12 C13 -179.9(3)

N1 Cl1
N1 Cl1
C1 N1
CI N1
Cl C2
Cl C2
C2 S1
C2 S1
C2C3
C2C3

C2
C2
C4
C4
C3
C3
C8
C8
C4
C4

S1 -175.43(18)
C3 0.7(3)

N2 -179.4(2)
C3 1.003)

C4 0.003)

C5 -179.6(3)
C9 -153.3(2)
C13 28.4(3)
N1 -0.6(3)
N2 179.9(2)

C6
C7
C8
C8
C8
C9
C10
Cl1
Cl1
Cll1
C12
CI13

C7
C6
S1
CI13
S1
C10
C9
C10
Cl12
Cl2
CI13
C8

120.5(2)
124.8(2)
117.6(2)
118.5(3)
123.9(2)
121.1(3)
120.2(3)
125.1(3)
115.5(3)
119.4(3)
120.1(3)
120.8(3)

A B C D Angle

C4
C4
Cs
Cs
C5
C7
C7
C8
C8
C8
C9
C9
C9

N2
C3
C3
C3
Cé6
N2
N2
S1

S1

C9
C8

C7
C5
C4
C4
C7
C4
C4
C2
C2

C6
Co6
N1
N2
N2
N1
C3
Cl
C3

0.0(4)
-0.3(3)
179.1(2)
-0.4(4)
-0.7(4)
-178.8(2)
0.6(3)
“121.5(2)
63.2(2)

C10 C11-1.7(5)
C13 C120.2(4)
CI0C11 01 -178.6(3)
C10 C11 C12 0.7(5)
C10 C11 C12 C13 0.7(5)
Cl11CI12CI3C8 -1.2(5)
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C2C3 C5 C6 1793(33) CI3C8 C9 C101.2(4)
C3C5 C6 C7 0.8(4) C1401 C11C104.5(4)
C4N1 Cl C2 -1.1Q3) C1401 Cl1CI12-174.9(3)

Table 8 Hydrogen Atom Coordinates (Ax10%) and Isotropic Displacement
Parameters (A2x103) for 3b.

Atom X y z U(eq)

H1 5100(20) 5130(50) 5882(19) 61(10)
H1A 5542 4225 7378 51

H5 7217 -2601 6377 51

H6 7061 -2704 4933 55

H7 6207 278 4058 55

H9 8176 -3313 8973 66
H10 9809 -3266 9343 72
H12 9726 2929 7967 71
H13 8094 2963 7646 65
H14A 11249 -3555 9031 117
H14B 11370 -2055 9872 117
H14C 12107 -1722 9357 117

6. Copies of 1H NMR and 13C NMR spectra

16



TZIQ"E

&S8g”
Z&Lc”
5706°
¥3T6°
9576 "
5LT6"
JEg6”
¥C6°
LS
LBaT"
EOOT"
¥ELT"

qT9T "L

PLIL®
¥TZL"
fezg”
S9c¢e”
178’
5978”
BLTITS
281"
SOET”
Le3T”
6 LT
Eaa T
eellF”
TLIRS
T
T6TE"

OMe

m o
L

N

™ m
il
Y1

[T

o

"H NMR spectrum of compound 1b

©
=
o

Mwmwwwmm

6

a

vl
13
CDER

El

@™

1

s
™

3/M

27

15
i

40

=3
w

13C NMR spectrum of compound 1b

17



Lo B R aN B = o B -+ T 4 B B =+ S o B T I ot Qe QRS RN e's = s TR IR IV e Bl Jw) W= s Bl es ] 2]
w = [t [T IR I~ R BT I T o Vg B o i o A N e B o ) B e o«
wr N [Tl e Bas o0 a0 B R e s S e puile Ve BV elte s e e U B<o M ol -
3 . — — o0 el o) ol — o™~
- - —

o clc!
26£/WZY19 =

N

12 11 16 9 8 % 3 5 4 3 2 1
of [wln|=|o|fo]  fo o
ol jafs|of A= |o "
ol [olaoH|[=] e ™
ledlesl el L E

'"H NMR spectrum of compound 1d

72

— o ~ o 0N O
@ o N - O H DO o0 o O
w0 o™~ = o = 00N o N T oo
o ™ m LY DT O ) ) — ™) WU
} i e s ] Pl .
- - 0o B0 o @ 0 Hic a2
uy o=t Oy O N N N [&] -~ -0 WO
0 ool SRS S e fo s L]
|
N N NN \ N/
377188
13c N N\
Che13 |
276/WZY19 _
\N \
I 1y
N\ Bu
(0] \o
I
T T T T i T T T T T T T T T T
160 150 240 1306 120 110 100 906 80 73 €0 53 40 30 20 10

13C NMR spectrum of compound 1d

18



O 1)
G = 0 03
ooy

— N

n

m |

HJIY1838
1H
CoCl3

2635/WZY19

053

n

B NN

16332

- w

e
o

—  wl L )
T T T T T T T T T T
i} g ] 7 6 3 4 3 2 1 0 ppn
AATA
(=) M A ] [ o (4]
- |—l= AlallAfl= -
1
H NMR spectrum of compound 1e
o e W SmEE
Y Som W@ saemame @ a5
= i Bhoaas - Boge
o oo g o | - O W) ™ :.I“L\]\\]D
R S S P B < mely
w NN LRI R B L TR o Ao M | (=] il ol el |
% BdS o prames g8 st
| /
f {
VDTN ~
HJY_83
13C X \
C2ICl3 |
277/WZY1S | —
l N N\ —N
' o]
O//\b \ /
T T T T T T T T T T T T T T e
160 150 40 138 1z0 110 120 80 TQ 60 50 40 30 249 17 Pom

3C NMR spectrum of compound 1e

19



Pom

L

]

oo

"H NMR spectrum of compound 1f

- g

EJY203
292/WZY19

1E
Cl

0£E9°L —

Sre9 8k —

EELEOL
6l6TLL
wWIsLL

9TLETOT —

0L66'8IT —
PIRRIT —
1885971 —
POTOOE] ——

EloLTrl —
LIST LYl —

HIY203
13C

CDCI3
IIVWZY19

ppm

10

20

20 80 70 60

100

110

20

120

210 200 190 180 170 160 150 140 130
13C NMR spectrum of compound 1f

220




Ppm

0.0

T000°0-— = =

05

L0

T T — - 2987 02— -

40

70

LOLE'D
000" L
LTl
R6TO'L
600" L
OSHY L
relL
£9ETL
OrFl L
6SSTL
LYSTL
1899 L
£6T6'L
8TE6'L
1676°L
FTen'L

[
=

BN

'"H NMR spectrum of compound 3a

13C NMR spectrum of compound 3a

21

6TRER

90

100 95

[P A4 N\H

T
0.5

X
P
N

110

188E° 1T — - =

HIY65

IH

CDCI3
LI35/WZY




HIY69

HMBC

cnci3

LSOWZY ‘
—_— |

)

N/
Z/(/)

T-

- Loo

F120

t L

' 180

200

o DA D RN O N O
o 0w O WY 1N 60 W S S 0 S e
o L e TO o T os Mot - RTINS TS Bine ISR IT+)
’ [ag T ar i) W) Bw) Sw SN I o8 BN R BRSO BN ol )
o e e e
- L0 T I P T PRES Pe v e AQAD
TN
HJIY168
1B OMe
CceCcl3
223/WZY13 S
A \
(Ig
N \
|
P
| | !
LJ_L AJ
A

2 ppm

T
10 9 g i €

'"H NMR spectrum of compound 3b

22

3.161

w -



SZ0L"3L .

ppm

40

50

ToZotLL
BLEEteL

Bom.ﬁ.\f W
9550791 §

TET6TET—
099€° 827
5I6%ETT
mﬁpm.mu-mww
TLESTOET

£Cs0° g5 —

13C NMR spectrum of compound 3b

223/WZYL18

T6%2'T—

Igas w1 —=

Ppm

Ll

23

'H NMR spectrum of compound 3¢

]

Y1

17

14

choCl
245/W2¥17




=3 1=
o
E A
o
o
G
F& Fe
A
2087 TE— © b b
7088 e — = —
F o [>)
-
en & B e
o
5] m
Q -
o o
& =
o) 9
S 5 N N\H
m - w
£ G
£TOL 9L o N \ \
0025 HW = ; z
FEEErL 2 m s — Lw
5 i
@ o O L
Qa L (o ; H— Fr
[77) g, O —
LR ot s —
o a2
Lo L
LLOOZOT— <t M .T\\ N -
N i Lo
< L
D z-I a &) i —
on i
LETE 9TT— \ N 2 - L [
TIVT TET z Fo w
5138°52T — g
STO0 9ZT— - -
05% 8ZT— = .m =
F955°TET i -
£FEZTGET—
£ i
EEER T EIT— = 67LOTTT— - Il
& -
s - .
F
¢ =l "H.v 3W [N
LoUe i
B nnw
T O™

"H NMR spectrum of compound 3d
24

™
o



Br

v00" 0T —

PO LTT~—
9982 8TT—
BBEL EZT~—

€6557LTT~ _

990L 82T —
B63L " TET—

oceL 51~

LebD BEl—

POl Sale—

5
/WZY1S

bt

ZE0T 67T —

HA
13
cDCl
253

pem

3C NMR spectrum of compound 3d

SOIT TT—

L e o

.
A S S

00 0 D - 1

]
[Eu

o

L

L

P

i

N/ N\H

I
A

>CL3

HJYL170
198/WzY13

1E
Co

e e

L

oilao|ca

Y

rg,

oo

<

ey

—_

'H NMR spectrum of compound 3e

25



prm

TELLSTI
T86sTT
reseor "

TLFI'STI
BETT'RTI W-
LOGTRTI

LosE Il =

I81C 0T —

e B by B
CTE6 61T
L] o HE Tl
TT8L TET~y

209182t
mﬁmm.mmﬁer
1282 82T
LLOR TR
mmmw.mmﬁuw\
£€Z5 EET

EPTLERT

01L9Er] —

13C NMR spectrum of compound 3e

S
A\
N

H

QC0T 67T —

X
P
N

AT s
"ZOT——

o
o
o o

215/WzY13

HJY.70

13C
Coel3

30 20 10 ppm

40

50

190 180 170 161 150 140 130 120 110 100 90 80 0
DEPT spectrum of compound 3e
26

200

deptl35
218/WZY 19

CDCI3

Iy



w
ey S WL W W DY) DD M M) O
o L3 ¢ ) €3 GV Uy Y W) €3 0 0 B0 0 B 1O d L
@ T R R S - BT I =l S S T s
. B N N e N R R e e R = |
— @ @ mm e e
L'é'ﬁ-‘i‘gir&\

47Y171 CF3

1H
cpels S
224/WZY19
B
~
N~ N
H
(]
|
;! \
|
T T T { T T T T T
12 1L 10 9 8 T [ 5 £ 3 2 = PR
X SRR S A
b I e
a £3. colea|ca|cafc2
= — | el ey
1
H NMR spectrum of compound 3f
= s O @M= W 10200 <t N NG
=T N i) AN WD I r=Co O N <P WY <P LW U
U oo SN T T O < wyu oo ([ ]
NN = MM IS VI 100D AD 0 0 (WD — M~ dEn K=
O SO0 (N O OG [ [ AD U O D MO M) MY W W ) (N [ e L
bl W Rt e e B RGO B o A B ISV A S B o] [ttt ¥
[ -
/ S
EJY.71 | CFS
13C
coe13 S
230/WZY19
BB
~
N~ N
H
1
1
I
[
I y I
’ AAJ
I
. I\ﬂl I » . " |
by Lo " " u i "
T T T T T T T T T I} T T T T
160 150 140 120 120 1.0 1064 90 ac 70 40 50 40 20 Epm

I3C NMR spectrum of compound 3f

27



: 1
] L& i 1z
o
i —
=
Fo
_ =
o
= Fe
2 =1 F2
en
E 0
)
L = 3
o
ml =
w
Q
Lo S
G ]
© ‘
.L, -l m s6ee L B
1L =
bR 3
o L o (o e
Y _ _ _ ~ —"8T0°¢ b7y
S = —p—— == —580°%
p— e — =800 1 M 905" 0T — - — =
! N ———— L[ =000 T Z.
)
%mm %\ ||k =800 1 T Eo
[=ie] & —
ueet "2 LELET9TT— =
w,.mm.mg\\ Fe 98TT 27T~ _ |8
EISLErY. 65807 57T~ e 1
i 70607977 — 0 T =
6ELE 5TT—= 7 Sz~ = o
Le To5i 8zT~" - Fo
zrere1— \ N
8E9L 7 8ET Zz —3 fs
f— —
s R [ oy SELETEYT— o B
o |
© & Z08T 63T—= m =
— Fl 7 — [
g IT— 2 O 7N -= €660 T o= 4
5za} I Rk
IT—0On — i R R ERN

13C NMR spectrum of compound 3g
28



-

RS R e =N

o
I T A S R I R TS TS I e Vs R e o

R R T T S T I !
e

— 0
i
POV Y Oy Oy B N O]

@
€3 en

=1
=

o0
=S
=)

'"H NMR spectrum of compound 3h

00T —

Br

ppm

=)
I

40

50

80

13C NMR spectrum of compound 3h

29

174

Cl3
287/WZY19
3

HJIY
18

234/WZY19

T
13cC
CcoC




Cl

1

2093 TT— @

5

ZZO/WZY1S

LS

pom

"H NMR spectrum of compound 3i

Cl

N

r~r~

{ealic]
232/WZY13

HJYLT
13C
Co

T
90

T
100

13C NMR spectrum of compound 3i

30



»
=t L RS TR I o B pucli o e B o B B B B RS e B e =
—~ o s L =S I B BT R T e e T B Tl T R o B S T ) ]
o (4] o™ o Oy o
. [l > (=] Oy OOy Y OY - ~'
— T r= L AL O D AD O ND D ™
| = ' -
HJIYL67
1E
CICcl3
196/WZY19
®
~
I
A A
T T T T T T T T T T T T T
12 11 15 9 8 7 & L] 4 3 2 i S ppm
e B =
— ) P iy g P @
] .
H NMR spectrum of compound 3j
§ D s = s 2
§Eanmer oo g =
§ Bhsnenncone = e =
o [0 Bl U B A= SRR (o T B o BN I ’ 2
=t = iee T Lo T Lo B oM BE ot A o B o o R BN €3 ~ -0 (=29
1 AA A A A A A A A A A — Ll o —
A N V= N
HJIYL167
CDed
213/Wzy19 S
\
| \ Me
N” N
\
N
| |
! |
1
|
|
|
I |
| ‘ ‘ J | " L
T T T T 3 T T T T T T T T T i T
150 153 140 13¢ 120 1.0 100 a0 &0 70 el z0 (3 30 23 10 PRPm

I3C NMR spectrum of compound 3j

31



11.704¢

2Z3/WZY19

SISO WD N O G0 0N S ST [ [ O O [ 0 e 0
NOMO M QoMM QM 0T @
O O LY €2 @ I - W @ m
[GEG TSR o < W00 W0
w

S - L —
T T T T T ¥ T T T T
2 11 ik 9 3 7 3 5 q 3 2 1 pom
v} | feafe-Teafao no‘q”c
| Il g fes]an] w1
(=) =] O|afolo|o 3i<3
- ][ i e e B e
el OCOoO-VwnoNOMnn
0 ANOWNDNOYNMEO o oo
B WIr-mo MM oo 1wy o N
™~ W AN MM~ 0 0 s s =]
i) mas
S Mo S O o )
SU MM m A e o e
i s e SoSadad EN ~e e

HTY
13C
CDe13

231/WZY18

.3
Z%

13C NMR spectrum of compound 3k

32



2]
2
28

0LES" 5L
qqao.nnmww
zzEE il

STT
STT
T
T
L
T
T
T
iE
I
T

'"H NMR spectrum of compound 31

A
\
/

=}
@
n
o
00 WO ) o oy T
RS R N S I I

N/ N\H

TEFT— 7 /N

LLER
€T28"
JLLE
01ge
190%"
€60
6LTF"
T1Z% "
ot e v d hm

JY169
13C

DC13
214/W2Y19

137/W2Y19

El

13C NMR spectrum of compound 31
33




o
i
™
o
=

HJIY.176

1E
cnCcil3
243/WZY17
I
— .

X
—~

-~

TR N A =
Me
Me

S
\\ Me
N
H

10

50

o

Wi

ra

11 prm
o — o e e
o b o Oy =
o o o ] (o JRw) oW
< il iled @l
1
H NMR spectrum of compound 3m
% T e B8 5 A
B L o
? el : ona o
T 99g s Fre oy
o of 5
/
|\ | N \/
Me
CoC13 Me
256/WZY13 s
N \ Me
~
N~ N
H
T T T T T T T T T T T T T T T
280 140 130 1z0 113 00 G 80 0 g0 30 40 30 23 10 Pom

I3C NMR spectrum of compound 3m

34



W T O
e R R e T s}
0 T Ol DO @t D
ERE] o Mo @mm @

10.2758

o @ o oo
P W
417178 ipr

13 )

CDC13 'Pr

227/WZY19

1.2648
-1,247¢

. BB
T E3 B

<

Pem

10 o 8 2 1
\ ./ A A
= ANA o o AL
v = = 0 ” |
o L= f=1 f=) o
E || o ¢ @l
1
H NMR spectrum of compound 3n
i M M o4 0N e e "
or-n o 10 O D O beal feal=tae)1 o n i ag
W= N L B o B Mt B o Wy o O ol I~
o s oA oy O Uy O ) 0 — ™= O =f oD ooy
el Fraeas o nen oeene
NN ~ O e N N N o sl e, - § = v oy
rlirdiet ord A A A — b e ™M o™ N
| A ] l
|
WA/ N N/ %
'Pr.
HIY178 'Pr
13C
€DE13 S
233/WzZY19
| X \ Pr 1
b
NT N
H
|
|
(I
|
I
‘\ [ 1
1 L . -
T T T T T T T T T T T T
1led 150 140 130 1z0 110 100 20 &0 70 50 a0 40 30 20 0 ppm

13C NMR spectrum of compound 3n

35



202/WZY19

) Y A
T T T T T T T
12 it 10 o 3 5 4 3 % pom
.
E
[=]
1
H NMR spectrum of compound 30
o) Moo Lo O -
Lo e <= = o oW FNC O N0
) O 0o Oy O =N o W [ 0N D = Y
poces mezm o g
e . e e e . uy IR N e TR e )
o) ) AD ) ) ) WD St O D . e e e e e .
o i L g e B i | NN O N N w ooy Oy oy
L B B B B B B | Lo e B e S o av T MM
N
13C
DMS0
Z146/W4¥13
S
D
/
N~ N
I H
T T
38 10 pom

13C NMR spectrum of compound 30

36



Y181
dept135

DMSO
219WZY19

220 210 200 190 180 170 160 150 140 130 120 1o 100 90 B0 70 60 30 40 30 20 10 ppm
DEPT spectrum of compound 30
E 8 & é
z = &% 3
— - —— !

HIY182
I1H

N

L

=N Cl
s/
g‘;[,cf\!\;szl N N\
“N

T
9 8

=

1074,/ =

'"H NMR spectrum of compound 3p

37

ppm



IECEEREAdE g E8E
ZaxZISATEES & Fad
3229888535 2 fEe
RS EAMAARE FEE
N
- Cl
HIY182
13C SN\ /
CDCI3
309WZY19 AN \
L
N~ N
H
1
| 1
I ;
1
1
i
|
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 1RO 170 160 150 140 130 120 110 100 90 80 T0 60 50 40 30 20 10 ppm
13
C NMR spectrum of compound 3p
e
5 AwAENOwOmn T Yo o w e cn wm o
& bR eab hbut =R 2888 a0
= HESERNERRenLRE AROw a5
: BheAN IS RE! TRES Qad
:: (OKD(DlDlDiDu)u)l‘-l‘l 1 LS S —

SR
agy177 J

cocl3
24L/WZYL1?

N N

v = _d &
T T T T T T T T T T T T
12 aEab 10 g 8 7 6 5 4 3 2 i pom
| k J
o wolfu o] [ o o
o - o o w o
€ clles | [ © 1
— Al Al = o g}

'H NMR spectrum of compound 3q

38



w -
v o nw o n I} + oy o
o o oo =1 ) = @
=1 o n— @ ™ — — —
U . -~ w
a o o o v} = W%, ;
= [NEs i ] -0 '+
1l o 1 1 1 e o

\

HIY_77
L3
CIEER

Z37/WZY19

s DTS

& o 23 1g om
3C NMR f d3
spectrum oI compoun q
-
a S S B S SR
= Canmoan NN eanbartbacmo S
7 peges il P o ie o g e Sl vy
; pedicitn i Sl HEL il dal SRl e
= T e
Sl : RSP i
EJY130 /4
1E
coc1z S
289/WZY1S
Z89/wzYl | AN \
2
N
N \
H

1 1c 9 g 7 € & 4 2 2
]
/\ /
o =] =] [ —
[l = 10| ey -
o S| = |ey o

'H NMR spectrum of compound 3r

39

S EBPm



- o
G &
g o
|
T T T T T T T T T T T T T T T T
160 1538 140 138 120 115 00 ) & kY &0 52 40 20 10 pom
!
3C NMR spectrum of compound 3r
; N OOUNAHDON M M0N0 o ~
uy - VLD 1 AN @O0 of I~ ) W) < W) € Gy < fag
o Q- N AD LD ST SN WD ) ) Ch M- ) ™ [ uy
4 O N (N W 0 ¢ oo v Oy w0 ™~
g A CeeE 5
HJY2C7
1E Me
C2Ccl3
268/WZY13 S
\ \
| Me
~
N~ "N |
H
I I '
|
A L_N;‘_J Lo A
T T T T T T T T T
1l 10 9 8 7 [ 5 4 3 & 0 pom
JU
w D bl [=d14t) = uy
™ o (2] [£1]+] uy o
o 2 [BiEs el
= gl s dl

"H NMR spectrum of compound 4a

40




& 5,
= E oo
=
= Fo
9L8Z ZT— =
=
FEEST0ZT— - o 4
L9z z <
&
o o)
= B 3 =
- E &
o)
3] o =
> sy u —_ P
m %mm.ﬁ
28T0° L
P~7 " z-T o g HSO.L} N =z-T
© o 1250 L~ e
o FEID LA
4 /N G 6130 L] 74 /N
Lo ) co3T Y FEET
599 — L8LT L — - A I
0FE37 9L BLT” . — =
DNS:PHV m z98T"L TR
_‘,mﬂ.tr“\ o m FEET"L
0678 LL Fao i= 0952°L o T
15 PIT6 "L
o TET6 "L = =70t
@ (o9 imm.f\
E o n 8FEE L .
a4 LEBE" B
— Ry
e Lo M 60075
& N CpO¥ 8 b e
o @)
= = .
- F—
06F L 9TT—
(=]
o
CLLZ E€CT—~ - oy
OLOE GTT—~0 -
BLIZ LET % = -
7L95°62T—" EN -
9859 FET Fo
0331 GET—"
o o
PR <
wmmm.wﬁ &) = Z6TE €1 — h = E \F
LEOEZTT o .
a [
£ I IS E
T0LE 87— © mE g “E
Sago i oW
BRARm g 20w
R R ENe ] o O

'"H NMR spectrum of compound 4b
4



]

Me

E 1=
o]
B @ I
(=)
I
|
E e
o
LZ06° 07— = &
0]
= \w.uu Eooy
arLzz— - —Gzi-
E o
<
L e
N s N\H B
/ o
\ N o =
=
=
SRPOL 9L
iy 0

13C NMR spectrum of compound 4b

BEELL Lo
w z N\H
E& /N L
Troo.; zZ
% zZ0" L —_—
e o Hmuo:!//
CZBL 66— = Fo LEO L~
= DPRO" LY 4 T—
Zeg0 L O B NS B L\‘Mme
£ball s i — Soed
o .‘.:H,.I\\\. TNeED L
8kCT"L _ u o
B _ S0 L ey o,
Z3eeM LT 5 =
< CLE5T !
Fa g L [
SOZE ETT~_ B 2 Teos oS © _
70867977~ " ﬁom.m\ -— e
£95T 87T~ - — £ . s B
7B0L° 62T — = Fe
FIEEg B =
cIgs el Z o
Zieveser o
ER
60977771 — i b
o on
ZEETT LT = 5 Z96L"6— I3 \A 106 C
- - £ o < oo
oM ool — mE o]
£ sl o A S
HOO @ kel [6X=]
2oy e Emae
T HON mare

'H NMR spectrum of compound 4¢
42



s5zT6
€00¢
€8IS

90FT E0T—
PLZE BTT

§bTL BT
9EZLT 97T~
LE09 6ZT ~
ZS0F T ZET~0
DEST " GET—.
£CLE SET~~

W

0EEZ " 7rl—
998L76FT—

Me

e

—

-l
o S
— o =2
o
R R eEC)
[EXaN=F:3
maue

130

60

110

20

140

130

3C NMR spectrum of compound 4¢

020070 —
9eLE T—
SZ0°L—
53927 L
1919 L
6oga L
£6€0°¢
537079
G06T T
mwmm.mv
95785

Me

HJYZ211
_H

CDC13
283/WZV13

= o

o

06% "¢

il G

= g0t

"H NMR spectrum of compound 4d

43



=8 e
EHE §8g% % = F £
—= == = [ = ] =
[l o8 e o e = 5 S
23 dad = = & 8 ki
Me
HIY211 S
13C
faiet] Br. AN
31WZY19 | AN
~
N" N
H
]
1
I
|
1
T T T T T T T T T T T T T T T T T T T T T T T
220 20 200 190 18 170 160 150 140 130 120 110 100 90 80 70 6 S0 40 3B 20 10 ppm

13C NMR spectrum of compound 4d

44



