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General experimental methods: Solvents were distilled before use. All starting materials were
used as received without further purification unless otherwise indicated. The combined organic
layers were dried over Na,SOy4. Solvents were evaporated under reduced pressure. All yields
given refer to isolated yields. 'H and ?C NMR spectra were recorded in CDCl; on 600, 400 and
150, 100 MHz NMR spectrometer, respectively using TMS as internal standard. HRMS spectra
were recorded using a TOF mass spectrometer. IR spectra were recorded either neat or as film on
KBr pellets on a FT-IR spectrometer. Melting points were measured in open capillary tubes and
are uncorrected. For thin-layer chromatography (TLC) silica gel GF,s4 was used. Column
chromatography was carried out using silica gel 60-120 mesh. X-ray analysis was done on single
crystal X-ray diffractometer. All the reactions were performed under nitrogen atmosphere.

General procedure for the Synthesis of 2H-Indazoles: To a mixture of CuBr (30 mol%), o-
nitrobenzaldehyde (0.5 mmol), and Zn(OTf), (10 mol%) in 3 mL of dry toluene, amine (0.55
mmol) and alkyne (1.0mmol) were added by dissolving in 5 mL of toluene and the reaction
mixture was refluxed for specified time. After completion of the reaction, the reaction was
cooled, the solvent was removed under rotary evaporator, diluted with water and then extracted
with ethyl acetate. The organic layer was further washed with brine solution for 2-3 times. The
combined organic layers were dried over Na,SO, and concentrated in rotary evaporator. The

crude was subjected to column chromatography over silica gel to give the corresponding product.

2-(3,4-Dimethoxyphenethyl)-3-(phenylethynyl)-2H-indazole (4a):

Red solid; mp118-120 °C; Ry (hexane/EtOAc 4:1) 0.52; yield 159 mg, 83%; '"H NMR (400 MHz,
CDCl3): 6 7.74 (t, J = 9.2 Hz, 2 H), 7.53 (s, 2 H), 7.40 (s, 3 H), 7.73 (t, / = 7.6 Hz, 1 H), 7.17 (t,
J=72Hz, 1H),6.74 (s, 2 H), 6.43 (s, 1 H), 4.77 (t, J = 6.8 Hz, 2 H), 3.79 (s, 3 H), 3.56 (s, 3 H),
3.27 (t, J = 6.8 Hz, 2 H); °C NMR (100 MHz, CDCl3): & 149.0, 148.2, 148.0, 131.6, 130.4,
129.2, 128.6, 126.7, 124.2, 122.8, 122.3, 120.9, 120.1, 119.1, 117.9, 112.0, 111.5, 100.3, 77.0,
55.9, 55.6, 53.6, 36.7; IR (KBr, neat) 2925, 2853, 1592, 1516, 1464, 1263, 1238, 1156, 1139,
1028, 751, 690 cm™; HRMS (ESI) caled. for CosHp3N,Os (M + H)*383.1754, found 383.1761.
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2-(3,4-Dimethoxyphenethyl)-6-nitro-3-(phenylethynyl)-2H-indazole (4b):

Yellow solid; mp160-162 °C; Ry (hexane/EtOAc 7:3) 0.50; yield 160 mg, 75%; 'H NMR (400
MHz, CDCl3): 6 8.75 (s, 1 H), 798 (d, J =9.2Hz, 1 H), 7.84 (d, /J=9.2 Hz, 1 H), 7.55 (d, J =
7.6 Hz, 2 H), 7.43 (d, J = 5.6 Hz, 3 H), 6.75-6.69 (m, 2 H), 6.48 (s, 1 H), 4.84 (t, / = 6.8 Hz, 2
H), 3.80 (s, 3 H), 3.60 (s, 3 H), 3.31 (t, J = 7.2 Hz, 2 H); °C NMR (100 MHz, CDCl5): § 149.2,
148.3, 147.3, 146.3, 131.8, 129.9, 129.8, 128.9, 126.4, 121.7, 121.6, 121.0, 120.7, 116.7, 116.0,
112.0, 111.7, 101.5, 75.7, 56.1, 55.8, 54.4, 36.6; IR (KBr, neat) 2923, 1561, 1529, 1519, 1503,
1346, 1267, 1235, 1159, 1029, 837, 754 cm™; HRMS (ESI) caled. for CysHyN3Oy (M + H)
428.1605, found 428.1613.

2-(3,4-Dimethoxyphenethyl)-3-(phenylethynyl)-6-(trifluoromethyl)-2H-indazole (4c):

Paleyellow solid; mp 94-96 °C; Ry (hexane/EtOAc 7:3) 0.55; yield 178 mg, 79%; 'H NMR (400
MHz, CDCl3): 6 8.08 (s, 1 H), 7.83 (d, J = 8.4 Hz, 1 H), 7.57-7.53 (m, 2 H), 7.42 (s, 3 H), 7.33
(d, J = 8.4 Hz, 1 H), 6.75-6.70 (m, 2 H), 6.45 (s, 1 H), 4.81 (t, J = 6.8 Hz, 2 H), 3.80 (s, 3 H),
3.58 (s, 3 H), 3.29 (t, J = 6.8 Hz, 2 H); °C NMR (150 MHz, CDCls): & 149.2, 148.2, 146.7,
131.7, 130.1, 129.6, 129.1 (q, J = 33.0 Hz), 128.8, 125.2, 124.6 (q, J = 271.5 Hz), 122.0, 121.5,
121.0, 120.0, 118.6, 116.5 (q, J = 4.5 Hz), 112.0, 111.6, 101.0, 76.2, 56.0, 55.7, 54.0, 36.7; "°F
NMR (376 MHz, C¢Fs/CDCls): 6 99.44. IR (KBr, neat) 2934, 2202, 1516, 1463, 1337, 1253,
1160, 1121, 1045, 808, 755, 688 cm™; HRMS (ESI) calcd. for CosHzF3N,0, (M + H)* 451.1628,
found 451.1628.

5-Chloro-2-(3,4-dimethoxyphenethyl)-3-(phenylethynyl)-2H-indazole (4d):

Pale yellow solid; mp 83-85 °C; Ry (hexane/EtOAc 4:1) 0.51; yield 148 mg, 71%; "H NMR (400
MHz, CDCls): 8 7.71 (s, 1 H), 7.68 (d, J = 9.2 Hz, 1 H), 7.54-7.51 (m, 2 H), 7.43-7.39 (m, 3 H),
7.28-7.24 (m, 1 H), 6.75-6.69 (m, 2 H), 6.46 (s, 1 H), 4.75 (t, J = 7.2 Hz, 2 H), 3.80 (s, 3 H),
3.59 (s, 3 H), 3.27 (t, J = 7.2 Hz, 2 H); *C NMR (100 MHz, CDCls): & 149.5, 148.5, 146.9,
132.0, 130.5, 130.0, 129.8, 129.1, 128.4, 124.9, 122.4, 121.3, 119.8, 119.4, 119.3, 112.3, 112.0,
101.1, 76.7, 56.3, 56.0, 54.1, 37.0; IR (KBr, neat) 2932, 2834, 1515, 1463, 1327, 1263, 1237,
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1157, 1028, 804, 756, 690 cm™; HRMS (ESI) caled. for CosHnCIN,O, (M + Hy* 417.1364, found
417.1366.

5-(Benzyloxy)-2-(3,4-dimethoxyphenethyl)-3-(phenylethynyl)-2H-indazole (4e):

Pale yellow semisolid; Ry (hexane/EtOAc 4:1) 0.51; yield 73 mg, 30%; '"H NMR (400 MHz,
CDCl3): 6 7.66 (d, J =9.2 Hz, 1 H), 7.56-7.53 (m, 2 H), 7.49 (d, J = 7.2 Hz, 2 H), 7.43-7.34 (m,
6 H), 7.11 (d, /= 8.8 Hz, 1 H), 7.04 (s, 1 H), 6.75 (s, 2 H), 6.45 (s, 1 H), 5.11 (s, 2 H), 4.73 (t, J
= 7.6 Hz, 2 H), 3.81 (s, 3 H), 3.58 (s, 3 H), 3.26 (t, J = 7.2 Hz, 2 H); °C NMR (150 MHz,
CDCl3): 6 155.5, 149.2, 148.1, 145.0, 137.1, 131.7, 130.6, 129.2, 128.8, 128.7, 128.2, 127.9,
124.5, 122.6, 121.7, 121.0, 119.5, 118.4, 112.2, 111.6, 100.3, 98.3, 77.4, 70.6, 56.1, 55.7, 53.6,
36.8; IR (KBr, neat) 2925, 2850, 1633, 1516, 1464, 1262, 1236, 1189, 1027, 807, 756 cm™;
HRMS (ESI) calcd. for C3,H,90N,O3 M + H)"489.2173, found 489.2171.

2-(3,4-Dimethoxyphenethyl)-3-(phenylethynyl)-2H-indazol-5-yl acetate (4f):

Pale yellow semisolid; Ry (hexane/EtOAc 7:3) 0.54; yield 77 mg, 35%; '"H NMR (400 MHz,
CDCl3): 6 7.75 (d, J = 9.2 Hz, 1 H), 7.54-7.51 (m, 2 H), 7.45-7.38 (m, 4 H), 7.06 (d, J = 8.8 Hz,
1 H), 6.76-6.72 (m, 2 H), 6.48 (s, 1 H), 4.77 (t, J = 7.2 Hz, 2 H), 3.80 (s, 3 H), 3.61 (s, 3 H), 3.27
(t, J = 7.6 Hz, 2 H), 2.34 (s, 3 H); °C NMR (150 MHz, CDCl3):  170.1, 149.2, 148.2, 146.5,
146.4, 131.7, 130.3, 129.4, 128.8, 123.9, 122.8, 122.3, 121.0, 119.8, 119.3, 112.1, 111.6, 111.2,
100.8, 76.7, 56.1, 55.8, 53.9, 36.8, 21.3; IR (KBr, neat) 2921, 2851, 1757, 1655, 1516, 1465,
1261, 1208, 1158, 1028, 806, 757, 668 cm'; HRMS (ESI) caled. for Co7HasN,O4 (M + H)*
441.1809, found 441.1811.

2-(3,4-Dimethoxyphenethyl)-3-(p-tolylethynyl)-2H-indazole (4g):

Red solid; mp 74-76 °C; Ry (hexane/EtOAc 4:1) 0.55; yield 119 mg, 60%; '"H NMR (400 MHz,
CDCl3): 6 7.72 (t, J=7.6 Hz,2 H), 741 (d, J=7.6 Hz, 2 H), 7.31 (t, /= 8.0 Hz, 1 H), 7.19 (d, J
=8.0Hz, 2 H), 7.14 (t, J=7.2 Hz, 1 H), 6.73 (s, 2 H), 6.43 (s, 1 H), 4.75 (t, J = 7.2 Hz, 2 H),
3.79 (s, 3 H), 3.55 (s, 3 H), 3.25 (t, J = 7.2 Hz, 2 H), 2.39 (s, 3 H); °C NMR (100 MHz, CDCl;):
0 149.1, 148.2, 148.0, 139.6, 131.6, 130.5, 129.5, 126.7, 124.1, 122.7, 121.0, 120.2, 119.4, 119.3,
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117.9, 112.0, 111.5, 100.6, 76.4, 56.0, 55.7, 53.6, 36.7, 21.8; IR (KBr, neat) 2925, 2853, 1625,
1515, 1464, 1263, 1238, 1139, 1028, 815, 748 cm™'; HRMS (ESI) calcd. for CosHysN,O, (M + H)*
397.1911, found 397.1915.

3-((4-(tert-Butyl)phenyl)ethynyl)-2-(3,4-dimethoxyphenethyl)-2H-indazole (4h):

Pale yellow semisolid; Ry (hexane/EtOAc 4:1) 0.56; yield 125 mg, 57%; '"H NMR (600 MHz,
CDCl3): 6 7.76-7.71 (m, 2 H), 7.48 (d, J=7.8 Hz, 2 H), 7.42 (d, J=7.8 Hz, 2 H), 7.33 (t, /= 7.8
Hz, 1 H), 7.16 (t, J=7.2 Hz, 1 H), 6.75 (s, 2 H), 6.48 (s, 1 H), 4.77 (t, J = 7.8 Hz, 2 H), 3.81 (s, 3
H), 3.58 (s, 3 H), 3.28 (t, J = 7.2 Hz, 2 H), 1.35 (s, 9 H); *C NMR (150 MHz, CDCl5): & 152.9,
149.2, 148.3, 148.1, 131.5, 130.5, 126.8, 125.8, 124.2, 122.8, 121.0, 120.2, 119.5, 119.5, 118.0,
112.1, 111.6, 100.7, 76.5, 56.1, 55.7, 53.7, 36.8, 35.2, 31.4 (3C); IR (KBr, neat) 2920, 1630,
1516, 1464, 1263, 1028, 747, 600 cm™'; HRMS (ESI) caled. for Ca0H3N,O, (M + H)* 439.2380,
found 439.2385.

3-((4-Chlorophenyl)ethynyl)-2-(3,4-dimethoxyphenethyl)-2H-indazole (4i):

Colorless solid; mp 112-114°C; Ry (hexane/EtOAc 4:1) 0.52; yield 129 mg, 62%; "H NMR (400
MHz, CDCl3): 6 7.76 (d, J =9.2 Hz, 1 H), 7.70 (d, J/ = 8.4 Hz, 1 H), 7.44 (d, J = 8.8 Hz, 2 H),
7.39-7.32 (m, 3 H), 7.17 (t, J = 6.8 Hz, 1 H), 6.75-6.70 (m, 2 H), 6.38 (s, 1 H), 4.76 (t, J =7.6
Hz, 2 H), 3.80 (s, 3 H), 3.55 (s, 3 H), 3.27 (t, J = 7.6 Hz, 2 H); °C NMR (150 MHz, CDCl): &
149.1, 148.4, 148.1, 135.4, 132.8, 130.5, 129.1 (2C), 126.9, 124.4, 123.1, 121.0, 120.9, 120.1,
118.1, 112.1, 111.6, 99.2, 78.1, 56.1, 55.7, 53.8, 36.8; IR (KBr, neat) 2916, 2844, 1633, 1516,
1468, 1263, 1027, 789, 748 cm™; HRMS (ESI) caled. for CosH2,CIN,O, (M + H)* 417.1364, found
417.1364.

3-((4-Bromophenyl)ethynyl)-2-(3,4-dimethoxyphenethyl)-2H-indazole (4j):

Pale yellow semisolid; mp104-106 °C; Ry (hexane/EtOAc 4:1) 0.53; yield 150 mg, 65%; 'H
NMR (400 MHz, CDCl3): § 7.76 (d, J = 8.8 Hz, 1 H), 7.70 (d, J = 8.0 Hz, 1 H), 7.53 (d, J = 8.4
Hz, 2 H), 7.38-7.31 (m, 3 H), 7.17 (t, J = 7.2 Hz, 1 H), 6.75-6.69 (m, 2 H), 6.38 (s, 1 H), 4.76 (t,
J=72Hz, 2 H), 3.79 (s, 3 H), 3.55 (s, 3 H), 3.27 (t, J = 7.6 Hz, 2 H); °C NMR (100 MHz,
CDCls): & 149.1, 148.3, 148.1, 132.9, 132.0, 130.4, 126.8, 124.3, 123.6, 123.0, 121.3, 120.9,
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120.0, 118.9, 118.1, 112.1, 111.6, 99.2, 78.2, 56.0, 55.7, 53.7, 36.7; IR (KBr, neat) 2932, 1624,
1515, 1463, 1263, 1139, 1010, 821, 747 cm™; HRMS (ESI) calcd. for CosHp,BrN,O, (M + H)
461.0859, found 461.0856.

2-(3,4-Dimethoxyphenethyl)-3-((4-nitrophenyl)ethynyl)-2H-imidazole (4Kk):

Yellow solid; mp154-156 °C; Ry (hexane/EtOAc 7:3) 0.55; yield 173 mg, 81%; 'H NMR 400
MHz, CDCl3): 6 8.25 (d,J =8.4 Hz, 2 H), 7.79 (d, J = 8.4 Hz, 1 H), 7.71 (d, J = 8.0 Hz, 1 H),
7.63 (d,J=8.8 Hz,2 H), 7.37 (t, J=8.0 Hz, 1 H), 7.22 (t, /= 7.2 Hz, 1 H), 6.72 (s, 2 H), 6.33 (s,
1 H), 4.79 (t, J = 6.8 Hz, 2 H), 3.77 (s, 3 H), 3.53 (s, 3 H), 3.29 (t, J = 6.8 Hz, 2 H); '*C NMR
(100 MHz, CDCl3): 6 149.1, 148.3, 148.2, 147.5, 133.6, 132.1, 130.3, 129.2, 127.0, 124.7, 123.9,
123.6, 120.9, 119.8, 118.3, 112.1, 111.5, 98.4, 82.2, 56.0, 55.7, 53.9, 36.7; IR (KBr, neat) 2927,
2851, 2202, 1592, 1516, 1463, 1342, 1262, 1238, 1140, 1107, 1028, 855, 748, cm™'; HRMS (ESI)
caled. for CosH» N304 (M + H)*428.1605, found 428.1600.

2-Phenethyl-3-(phenylethynyl)-2H-indazole (41):

Red solid; mp 70-72 °C; Ry (hexane/EtOAc 4:1) 0.60; yield 126 mg, 78%; '"H NMR (400 MHz,
CDCl): 8 7.77-7.73 (m, 2 H), 7.58-7.54 (m, 2 H), 7.43-7.40 (m, 3 H), 7.36-7.16 (m, 7 H), 4.80
(t, J = 8.0 Hz, 2 H), 3.35 (t, J = 8.0 Hz, 2 H); C NMR (100 MHz, CDCls): & 148.3, 137.9,
131.7, 129.2, 129.0, 128.9, 128.8, 127.0, 126.7, 124.3, 122.9, 122.4, 120.1, 118.9, 118.1, 100.6,
77.1, 53.5, 37.2; IR (KBr, neat) 2926, 1518, 1493, 1464, 1364, 1283, 1076, 747, 689 cm™'; HRMS
(ESI) calcd. for Co3Hi19N, (M + H)*323.1543, found 323.1550.

2-Benzyl-3-(phenylethynyl)-2H-indazole (4m):

Colorless solid; mp 78-80 °C; Ry (hexane/EtOAc 9:1) 0.62; yield 74 mg, 48%; '"H NMR (400
MHz, CDCls): 6 7.76 (t, J = 7.6 Hz, 2 H), 7.58-7.54 (m, 2 H), 740-7.27 (m, 9 H), 7.19 (t, J = 7.6
Hz, 1 H), 5.76 (s, 2 H); °C NMR (100 MHz, CDCl5): § 148.4, 136.2, 131.7, 129.3, 129.0, 128.8,
128.7, 128.3, 128.2, 126.8, 124.7, 123.0, 122.4, 120.2, 118.3, 101.0, 77.5, 55.9; IR (KBr, neat)
2952, 2852, 1494, 1455, 1443, 1283, 1172, 1097, 748, 706, 689 cm™; HRMS (ESI) calcd. for
CxH 17N> (M + H)*309.1386, found 309.1396.
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2-Allyl-3-(phenylethynyl)-2H-indazole (4n):

Pale yellow semi solid; Ry (hexane/EtOAc 9:1) 0.59; yield 76 mg, 59%; '"H NMR (400 MHz,
CDCl3): 6 7.77 (t, J = 8.4 Hz, 2 H), 7.61-7.58 (m, 2 H), 7.43-7.40 (m, 3 H), 7.35-7.31 (m, 1 H),
7.20-7.16 (m, 1 H), 6.19-6.09 (m, 1 H), 5.34-5.28 (m, 2 H), 5.21 (d, J = 6.0 Hz 2 H); "°C
NMR(150 MHz, CDCls): ¢ 148.4, 132.3, 131.7, 129.3, 128.8, 126.8, 124.7, 123.0, 122.5, 120.1,
119.2, 118.9, 118.3, 100.9, 77.2, 54.6; IR (KBr, neat) 2924, 2853, 1529, 1465, 1364, 1218, 1091,
927, 748, 689 cm™'; HRMS (ESI) calcd. for CigH;sN, (M + H)* 259.1230, found 259.1236.

2-Cyclohexyl-3-(phenylethynyl)-2H-indazole (40):

Pale yellow semi solid; Ry (hexane/EtOAc 9:1) 0.61; yield 99 mg, 66%; 'H NMR (400 MHz,
CDCl3): 67.77 (d, J = 8.8 Hz, 2 H), 7.62-7.58 (m, 2 H), 7.45-7.39 (m, 3 H), 7.31 (t, J = 8.0 Hz,
1H), 7.16 (t, J = 8.0 Hz, 1 H), 4.82-4.74 (m, 1 H), 2.22-2.12 (m, 4 H), 2.32-1.95 (m, 2 H), 1.82-
1.76 (m, 1 H), 1.57-1.34 (m, 3 H); >C NMR (100 MHz, CDCls): & 147.9, 131.6, 129.2, 129.0,
128.8, 126.4, 124.4, 122.7, 120.0, 118.2, 117.7, 100.8, 77.5, 61.4, 33.2, 25.9, 25.5; IR (KBr,
neat) 2931, 2854, 1452, 1352, 1280, 1211, 1010, 746, 868 cm™'; HRMS (ESI) calcd. for CoHy N,
(M + H)"301.1699, found 301.1696.

2-Isopropyl-3-(phenylethynyl)-2H-indazole (4p):

Pale yellow semi solid; Ry (hexane/ EtOAc 9:1) 0.62; yield 83 mg, 64%; '"H NMR (600 MHz,
CDCl3): 6 7.80-7.77 (m, 2 H), 7.62 (t, J = 4.2 Hz, 2 H), 7.44-7.39 (m, 3 H), 7.33 (t, /=7.8 Hz, 1
H), 7.18 (t, J = 7.8 Hz, 1 H), 5.26-5.20 (m, 1 H), 1.71 (d, J = 7.2 Hz, 6 H); >C NMR (150 MHz,
CDCl3): 6 147.9, 131.6, 129.2, 128.8, 126.4, 124.5, 122.7, 122.6, 120.0, 118.2, 117.6, 100.8,
77.3,53.8,22.9; IR (KBr, neat) 2923, 1641, 1459, 1347, 1276, 1235, 1082, 746, 689 cm™'; HRMS
(ESI) calcd. for C1gsH17N, (M + H)*261.1386, found 261.1389.

2-Butyl-3-(phenylethynyl)-2H-indazole (4q):

Pale yellow semi solid; Ry (hexane/EtOAc 9:1) 0.64; yield 96 mg, 70%; 'H NMR (400 MHz,
CDCl3): 6 7.76 (t, J = 9.6 Hz, 2 H), 7.62-7.59 (m, 2H), 7.43-7.40 (m, 3 H), 7.33 (t, J = 7.2 Hz,
1H), 7.17 (t, J = 7.2 Hz, 1 H), 4.60 (t, J = 7.6 Hz, 2 H), 2.05 (p, / = 7.2 Hz, 2 H), 1.44-1.36 (m, 2
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H), 0.98 (t, J = 7.2 Hz, 3 H); >C NMR (100 MHz, CDCl3): § 148.1, 131.6, 129.2, 128.8, 126.5,
124.4, 122.8, 122.5, 120.0, 118.8, 118.1, 100.6, 77.4, 51.8, 32.7, 20.1, 13.8; IR (KBr, neat) 2958,
2929, 2871, 2659, 2206, 2107, 1625, 1597, 1492, 1464, 1364, 1284, 1084, 746, 689 cm™'; HRMS
(ESI) calcd. for C19H19N> (M + H)*275.1543, found 275.1552.

2-Butyl-3-(p-tolylethynyl)-6-(trifluoromethyl)-2H-indazole (4r):

Pale yellow solid; mp 84-86 °C; Ry (hexane/EtOAc 9:1) 0.58; yield 107 mg, 60%; "H NMR (600
MHz, CDCls): 8 8.06 (s, 1 H), 7.86 (d, / = 8.4 Hz, 1 H), 7.50 (d, /= 7.8 Hz, 2 H), 7.32 (d, J =
9.0Hz, 1 H), 723 (d, J=7.8 Hz, 2 H), 4.62 (t, /=7.2 Hz, 2 H), 2.41 (s, 3 H), 2.05 (p, J=7.2
Hz, 2 H), 1.43-1.38 (m, 2 H), 0.98 (t, J = 7.2 Hz, 3 H); °C NMR (150 MHz, CDCl;): & 146.6,
140.0, 131.7, 129.6, 128.7 (q, J = 33.0 Hz), 125.3, 124.7 (q, J = 270.0 Hz), 121.5, 119.8, 119.0,
118.4, 116.5 (q, J = 4.5 Hz), 101.5, 75.9, 52.2, 32.6, 21.8, 20.0, 13.8; "’F NMR (376 MHz,
CsFe/CDCl3): 6 99.43; IR (KBr, neat) 2926, 1653, 1455, 1337, 1252, 1164, 1123, 1084, 1045,
809 Cm'l; HRMS (ESI) calcd. for Co1Hy9F3N, (M + H)*357.1573, found 357.1572.

2-(tert-Butyl)-3-(phenylethynyl)-2H-indazole (4s):

Pale yellow solid; mp 92-94 °C; Ry (hexane/EtOAc 9:1) 0.70; yield 70 mg, 51%; '"H NMR 400
MHz, CDCls): 6 7.77 (d, J = 8.4 Hz, 2 H), 7.62-7.58 (m, 2 H), 7.44-7.39 (m, 3 H), 7.33-7.28 (m,
1 H),7.17 (t, J=7.2 Hz, 1 H), 1.97 (s, 9 H); >*C NMR (100 MHz, CDCl3): § 146.3, 131.3, 129.1,
128.8, 128.7, 126.8, 126.3, 123.0, 122.8, 119.8, 118.4, 101.3, 79.5, 63.1, 30.1; IR (KBr, neat)
2925, 1653, 1456, 1369, 1343, 1261, 1205, 1028, 746, 688, 668 cm™; HRMS (ESI) calcd. for
Ci9H 19N> (M + H)*275.1543, found 275.1544.

2-Octadecyl-3-(phenylethynyl)-2H-indazole (4t):

Pale yellow solid; mp 81-83 °C; Ry (hexane/EtOAc 9:1) 0.78; yield 132 mg, 56%; '"H NMR (400
MHz, CDCls): 6 7.75 (t, J = 9.2 Hz, 2 H), 7.63-7.58 (m, 2 H), 7.43-7.39 (m, 3 H), 7.32 (t, J = 8.0
Hz, 1 H), 7.17 (t, J = 7.6 Hz, 1 H), 4.59 (t, J = 6.8 Hz, 2 H), 2.09-2.03 (m, 2 H), 1.37-1.21 (m, 30
H), 0.88 (t, J = 7.2 Hz, 3 H); >C NMR (100 MHz, CDCl5): § 148.1, 131.6, 129.2, 128.8, 126.5,
124.4,122.8, 122.6, 120.1, 118.7, 118.1, 100.6, 77.4, 52.1, 32.1, 30.7, 29.9 (4C), 29.8 (30),
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29.82, 29.8, 29.7, 29.6, 29.3, 26.8, 22.9, 14.3; IR (KBr, neat) 2920, 2852, 2213, 1641, 1465,
1368, 1279, 1025, 745, 688 cm™'; HRMS (ESI) caled. for C33HyN, (M + H)* 471.3734, found
471.3721.
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'H and "C spectra of compound 4a
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i Width €398.0 Ex
2 24 repetitions
FIITS-NME"

131.553
130.378
/—129.158
128.632

r

| BATA PROCRSSTNG". AB-3112:
{¥T size 32768

i Total time 1 minuem]

caall
kd Temp. 25.0 €/ aM.1 K i
| Operator: chem
~Piler AD-3112

| Mercury-400 "IITG-mm"
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] =52
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. =Za8 _n
|2 s‘E‘E?/“E“ -
lg3as o F
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200 180 160 140 120 100 80 60 40 20 ppm
PULSE -SBEQUENCE OBSERVE - €13, 100.5425947 DATA PROCESSING SP-562-4-f

RETax. ‘delay 1.000 sec
Pulse 45.0 degrees
Acg. time 1.304 sec
Width 25125.6 Hz

1130 repatitions

DECOUPLE E1, 399.8529994
Power- 42 dB
continucuslyon
WALTZ-16 modulated

Line broadening 0.5 Hz
FT size 65536
Total time 43 minutes
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Solvent: cdecl3

Temp. 25.0 C / 298.1 K
Operator: chem

File: AU-1Z-SPH-H1-18-c13-2
Mercury-400 "IITG-NMR"



'H and "C spectra of compound 4b
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TBULSE SEQUENCE TOBSERVE "HIV 39978509609 'DNTA PROCESSING E AU T2 SENOZ- HL H
Relax. delay 1.000 sec FT size 32768 ,
- Pulse 45.0 degreds - Total time 1 minutes * Solvent: ool 1
Acq. time 2.561 sec Temp. 25.0 C°/ 298.1 K
Width 6398.0 Hz Operator: chem
32 repetitions ’ :-Mercury-400:5 "IITG-NMR"
MmN w AN E ALY ®d O ¥ L ® W o or o @ o0 o~ =
MA@ rMDNREOVWONR O ®O RO R wo® N «
N NN NDDD® w00 Oo0bRa0 0 IR I a
A D E WG PO H A H O W N oH A K owow w on o ©
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220 . 200 180 160 140 120 100 80 60 40 20 0 ppm
IPUSSH "SEGUENCE - OBEBRVE-STI3; 100.5425824 DATA PROCESSING AVITZZSPENO213C
“ RéTax. ‘delay 1.000 sec DECOUPLE E1, 399.8529994 Line broadening 0.5 Hz
- Pulse 45.0 degraes Power 427 dp FT size 65536 “Solvert i '¢d3613
- Acq. time 1.304 sec continuously on Total time 51 minutes Temp. 25.0'C f7298.1 K
Width 25125.6 Hz WALTZ-16 modulated Operator: chem
11340 repetitions *FLkEy "AUTIZ-SP-NO2-13C

Mercury-400 *IITG-NMR"
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'H and "C spectra of compound 4c¢

11 10 9 8 7 6 5 4
2 -1 I = a8 =2
< S Ea < £ 4 @
3 poTE® CBSERVE ©f §1,:399.8509593 DATA PROCESSING
Relax. delay 1.000 FT aize 32768
45.0 degr: i Total time 1 minutea
Acq. tims 2.561 mec
widen 6398.0 Bz
.32 repatitions
AU-IZCF-SP-Ph_13C
SannavaomeanaraanactanTTave 3783 SR8 3
333ERRAARARCUNNYARIRGRREZTAS e EE H
e W
=~ —
| - .
1% 180 170 160 150 140 130 120 110 100 0 80 v e sa a0 30 20 10 ppm
Amehive dizectomrs
Sampls dlrectory: g
Piarile: FLOORTNE 2
fulee Sequence: FruoRINE (s3pul} |
Sotvane: cdois |
Data coliected oms Jui 30 2014
emp. 35,0 C /2981
asiay 1.000 mes
Puime 30,0 degres:
e B [ B L
160 140 120 100 80 &0 40 20

AU-1Z2CPPH-H1

Solvenmt: cdcll
Temp. 25.0 C / 298.1 K
Operator: chem

Mercury-400

=ITTG-NMR®

Current Data Parameters
NAME AU-1ZCF-SP-Ph_13C
T

PROCNO. 1

F2 - Acquisition Parameters
pate_ 20141015
me 18198
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULEROG 29033
2768
SOLVENT epel3
NS 1000
o3 2

sw 36057.691 Hz

1.100393 Hz
0.3343825 sec
65.21

13,867 usec
50 usec

295.4 K
2.00000000 sac
0:03000000 sec

CHANNEL f£1
150.9279571 MHz
13c

10.50 usec
95.00000000 ¥

= CHANNEL £2
600.1724007 mHz

o
0161714000 W
030239999 W

F2 - Processing parameters
ST 1e38a
sF 150.9126370 Mz
Wow EM
ssB 0
B 1.00 me
cB 0
BC 1.40
|
L S
o epm



'H and "C spectra of compound 4d
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Cl o}

12 11 10 El 8 7 € = 5 4 3 2 1 PR
CEREN S 8 = 28 8
PULAE SRQUENCE 13-399.8509632 ~DATA 'PROCESSING 0> 1275615 18
Relax. delay 1.000 amc FT size 327468
+ Pulse 45.0 degre@mn. 4 Total ‘time 'l minutes ‘Solvent:. clold
Acg. time-2.561 mea. t » ‘Temp. -25.0 € ¥ 298:1 K N
Width 6398.0 Hz Operator: chem
32 repetitions Pile: AU-IZ~SCl-S-1H
Wercury-400 *IITG-NMR"
AE %Y do oG o menNdam N S d e ° e - <
NP NS J - r
f \ i o
I ‘ [ (e |
| i ‘! | |
i ,
e | ‘
| | ‘
| | | |
| I *
| IR ‘ ‘
(I |
|“ ‘ .
l | |
L :
|
! \
|
200 +.180 160 140 120 100 80 60 40 20 pPpm
“PULSE  SBQUENCE OBSERVE: 3 £13;-108.5425541 ‘DATA PROCESSING RG-73~1E
Relax.delay 1.000.8&c “DECOUPLE E1l, 399.8529994 Line broadening 0.5 Hz
Pulse 45.0. degreds. Power. 42. dB- FT size 65536 Solvent::cdeld
Acqg. time 1.304 ssa continuously on Total time 18 minutes Temp. 25.0 C'/ 298.1 &
Width 25125.6 Hz WALTZ-16 modulated Operator: chem
470 .repetitions Mercury-400 - -*IITG-NMR™
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'H and "C spectra of compound 4e
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PULSE SEQUENCE OBSERVE  H1, 399.8509644 DATA PROCESSING AU-IZ-5-OBN-HL
Relax. delay 1.000 sec PT size 32768 |
Pulse 45.0 degrees Total time 5 minutes Solvent: cdell |
Acq. time 2.561 sec Temp. 25.0 C / 298.1 K |
Width €398.0 Hz Operator: chem |
100 repetitions File: AU-IZ-5-OBN-H1 i
Mercury-400 *IITG-MMR™
AU-IZ-5-0BN-13C
$48478398732302358588,, songr  ceg o BRUKER
TS antNnenasnevasndenn FanER 588 2
e T L P 2
BT MmN ANN NGNS A SN a0 e fedlg 8w ©
ASSSOa0RHANNANNSnaSaSR ERERR sal =
Current Data Parameters
NAME AU-IZ-5-0BN-13C
EXENO 1
PROCNO 1
F2Z - Acguisition Parameters
Date_ 20140708
Time 1,05
INSTROM spect
PROBHD 5 mm PABBO BB/
PULEROG 2gpg30
D 32768
SOLVENT €DpCl3
NS 1288
03 2
sw 36057.691 Rz
FIDRES 1.100393 Hz
aQ 0.4543829 sec
RG 65.24
DR 13.867 usec
DE 6.50 usec
T8 301.0 K
o1 2.00000000 sec
D11 0.03000000 sec
DO 1
CHANNEL f£1
150.9279571 MHz
13cC
10.50 usec
95.00000000 W
= CHANNEL f2 -
SFO2 600.1724007 MHz
NUC2 1H
CEDERG(2 . waltzlg
P02 70.00 usec
PLWZ 21.00000000 W
PLW1Z 0.61714000 W
FLW13 0.30239999 W
F2 - Processing parameters
51 4
sF 150.9128347 MHz
O
U . | sse 0
8 1.00 Hz
B 0
BC 1.40
T T T T T T T T T T u T T T T T T T T
200 150 180 170 160 150 140 130 120 110 100 9 80 70 60 S0 48 30 20 10 ppm



'H and "C spectra of compound 4f
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PULSE SEQUENCE OBSERVE  H1, 399.8509625 DATA PROCESSING AU-1%-0Ac-5-1K
Relax. delay 1.000 sec PT size 32768
Pulse 45.0 degr Total time 1 minutes Solvent: cdeclld
Acq. time 2.561 sec Temp. 25.0 C / 298.1 K
Width 6398.0 Hz Oparator: chem
32 repetitions File: AU-IZ-OAc-S-1E
Mercury-400 *IITG-MMR"
AU-IZ-50AC_13C
~ PNOD EMEEANEOoNTTN W
S ARRS CMArOONOBMOB N ~ ToNo o e © o
] Toan snnnasagenetan FNSF SF® = -
o ADEY HOABDONNARANAA O e : :
& SESs MRANAANNHA Ao O e G © ~
= SeES DRANNNOSAOAES 3 [N nin 0 - N
Current Data Parameters
\ AU-TZ-50AC_13C
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 201407
Time
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULEROG 2gpg30
32768
SOLVENT cpcl3
ns 417
DS 2
SWH 36057.691 Hz
FIDRES 1.100393 Hz
A 0.4543829 sec
RG .
D 13.867 usec
DE 6€.50 usec
TE 301.3 K
Dl 2.00000000 sec
Dll 0.03000000 sec
™0 1
mmmmmmms C L £l mmsssas
SFOL 150.9279571 MHz
Nuc1 13C
Pl 10.50 usec
PLWL 95.00000000 W
CHANNEL £2 ========
600.1724007 MHz
NUC! 1H
CPDPRG[2 waltzlé
PCPD2 70.00 usec
PLW2 21.00000000 W
PLW12 0.61714000 w
. PLW13 0.30239999 W
. £2 - Processing parameters
sI
SF 150.9128347 MHz
WDW ™
sSB [
1B 1.00 Hz
| U Il E
" l . BC 1.40
T T T T T T T T T T T T T T T T T T T T
200 150 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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'H and "C spectra of compound 4g

Ve
- ! L - i
— — ————— —— — — ————r
10 9 8 7 6 5 4 3 2 1 ppm
v omen . . C o - .
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PULSE SEQUENCE # OBSERVE" H1, 399.8509695 DATA PROCESSING ok a aks-aa -~
Relax. delay 1.000 sec Line broadening 1.0 Hz
Pulse 45.0 degrees - B FT size 32768 = e Solvent: cdcl3
Acq. time 2.561 sec Total time 1 minutes Temp. 25.0 C / 298.1 K
Width 6398.0 Hz Operator: chem
32 repetitions Pila: aks-aa
. E Mercury-400 "IITG-NMR"
edmmenmeswnsano s m ceox oo . .
EEEE R R EEEE TE B 838% 28d 7 g
R EEEE N R o E e e oW @ W M w -
ssssdcasssssaansn S Free a0 s
.-I<‘r| - HLH - 1'-' o oA A A uTi - ) W[
S i
. .
ﬁ .! ‘
.
| i
| |
LS B B N e B e | LIS L B L B e e B LI
180 160 140 120 100 80 60 40 20 pPpPm
L TPULSE “SEQUENCE OBSERVE +C13,C100.5425855" DATA PROCESSING 7 AU-IQPHMe2>C13
< Relax . 'delay 1.000 ‘sec DECOUPLE H1, 399.8529994 Line broadening 0.5 Hz 2]
Pulse 45.0 degreé&d Power 42 dB:- - FT size 65536 ‘Bolvent: cdell:
- Acq. time 1.304 ec continucusly on Total time 63 minutes Temp. 25.0 C / 298.1 K
Width 25125.6 Hz WALTZ-16 modulated Operator: chem
1650 repetitions “®ile: AU-IQPHMe2-C13
Mercury-400 “"IITG-NMR"
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'H and "C spectra of compound 4h

AU-12-SP-PTB_1H

Vi
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N

Cuzxent Da
BAME A

2
12019.230 He
o He

300.2 K
1.00000000 sec
1

e CHAMNEL £1 mmmmmsns

sFo1 600,1737063 Mz
1

F 12.00 uasc

ELNL 2100002008 W

F2 - Processing parameters
st

sE 600.1700148 Mz
£

ss8 o

18 0.30 He

] o

¥ 1.00
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AU-I2-SP-PTB_13C
BRUKER
29828 SHEFEEEILREEC 8 soaw R Su e
2CAe panEareaTnany © Inae g EE=
doEe SovWsdoSoaEdd o
H2%% SR8S38ER%I5N0 8 Seed e .
S3I53 oogogoadgoanD 8 RRER 280 884
curent Data parameters
N AUTzosepTa 13
Sieno 1
ERoeHo h
F2 - Acquisition Parameters
Date_ 201406
Tine 1a.19
TRSTROM spect
PROBHD 5 mm PABEOD B
FULEROG Zqpato
1 32768
soLvewt cocia
5 S
DS
s 36057691 iz
FIDRES 1.100393 Hz
a0 543829 sec
5 i
kT 13.867 usec
DE 650
e 0508 ¥
ol 2.00000000 sec
e 003000000 20
o0 H
- CHANNEL £2 =emmmme
€00- 1724007 iz
2 i
CeoeRs (2 waltals
Popn 70100 usee
Pz 000000 W
PLW1Z . 4000 W
P13 0150239993 W
F2 - Processing parameters
51 1638
SF 150.9328341 MHz
it 2
S o
1B 1.00 Hz
F 0
BC 1.40
Il | IIJHA ﬂ | N I IL
Laan » rv
T T T T T T T T T T T i T T T T T T v T
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'H and "C spectra of compound 4i

Cl
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L
I B S B B S B A L S S s B B S s s s e s T
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de wwoar W w ’3 PR
5% Bamee & @ kS s 3 2
Sc Arcod A @
~BULSE -SEQUENCE OBSERVE-: - HL,- 39918509637 DATA PROCESSING AU-IZ-PH-CL-22-H1
Relax. delay 1.000 sec.- FT size 32768
. Pulse 45.0 degresm 1 Total time 1 minutes Solvent: cdcl3
Acq. time 2.561 sec T 25
width €398.0 Hz aton ch.‘, maLE
. 32. repetitions o o

File: AU-I%Z-PH-CL-22-H1
Mercury-400 *IITG-MMR®

sZcph_13C
BRI SISI8RERR8308 & e T o - R
Helieiiolsd Hidediieiecic -] 5388 EES 2
Som MuOABwmOoS G Tt P .
3IT ANSASIRRKRAAS o P Gy 3
I35302308858939338 & EINNN aB3 3
Current Data Parameters
NAME AU--Tzcpn 13¢
EXPNO
PROCNO 1
F2 - Acquisition Parameters
Date_ 20140623
Time 14.52
INSTRUM spact
PROBHD 5 mm PABBO HB/
PULPROG 29pg30
by 32768
SOLVENT cpc13
NS 1495
DS
N 36057.681 Bz
FIDRES 1.100393 Hz
A0 0.i543829 sec
RG 65.24
be 13.867 usec
DE 6.5
e 300.4 K
01 2.00000000 sec
D11 003000000 sec
DO 1
e CHANNEL 1 —mmmeee
SFO1 150.9279571 MHz
i
Pl 10.50 usec
PN 95.00000000 M
e CHAMNEL £2 mmmmmmn
sz 6001724007 Mz
1H
CPDPRG[2 waltzlé
PCPD2 70.00 usec
PLW2 21.00000000 W
FLu12 ol61714000 W
PLW13 0.30239999 W
F2 - Processing parametecs
st
SF 150.9128332 MHz
o £
SSB 0
LB 1.00 Kz
ce o
BC 1.40
" Lo - ) N
[rom e " " o
T T T T T T T T T T T T T T T T T T
200 1%0 180 170 160 150 140 130 120 110 100 S0 8¢ 70 € 50 40 30 20 10 pem
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'H and "°C spectra of compound 4j

Br

/l

~

N
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1
1 10 9 8 . ‘.7_ 6 5. 4 . 3 2 1 PPm
583 388 a8 2 2 3 =
AdA NS < N mom
; * 3 MRElAP-BREL i
: FT size 32768 . ol
| Boq. time 2.561 mec ! Total time L mtnutma Solvemtrcadels
Width 6396.0 Hz
- ¥prepetitions i Operater: chem
Mardury-400 = "ITTG-NMR*
S e
22z
o
= C e R
~J| llgzszzzt £E]
| it ssae5gh
~8J88308"%
SagSadTeg -
n S oaa 2z
= o e = <
o N oo o - S g™ =
g% & 8 g7 A
R I L T
233 T | {
L = : |
7[ | | | |
| 1L | I
L o B L o o e e L o L e e o B I R ERAuma s o
200 180 160 140 120 100 80" 160 40 20 PPmM
¢ OPSERVE +CLB; W00 .5425855 ‘DATA PROCESSING + AV TE~PABRQ1 3 '

= Kégwitime. 1.308 sec
width 25125.6 Hz

72960 repetitions

~DECOUPLE H1, 399.8529994
Power-42-.dB

“rdomsinucusly ’ oftt
WALTZ-16 modulated

Line broadening 0.5 Hz
FT size 65536
Total time 75 minutem.
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Solvent: scdcls

Temp. 250 G AN29851 K
Operator: chem

Pilei AUrIZ4R:iBR:C13-1500
Mercury-400 “IITG-NMR"



'H and "C spectra of compound 4k

12 11 10 9 B‘ 7 6 e 5 4 3 2 1 Ppm
.« - 5 - 5 o - N
FPUBIE SEQUENCE T — 1 ; ARAVIZSP NOS ALK
Relax. delay 1.000 sec PT size 32768
Pulse 45.0.dsgream 4 :Total: time 1 mimubtes Solvent: ‘13
Acqg. time 2.561 sec Temp. 25.0 C / 298.1 K
Width 6398.0 Hz Operator: chem
32 ,lm:itlml Pe & B3 ¥ ﬂhwm-xz-n-mﬂ =ALK-H1
" ! Mercury-400 *"IITG-NMR"
B P 1 P © w @ ™
- P B b B R B 'L"'ij “'f‘; <
| ﬂ = |
‘;
‘ |
|
- e, )
180 160 140 120 100 80 60 40 20 PpPm
PUBSE * OBSERVE-+C13, 100.5425870 +~ DATA PROCESSING AVELZ<F-NO2 - ADRKVEE

Relax. delay 1.000.sec
Pulse 45.0 degreds
hcq. time 1.304 gec
Width 25125.6 Bz

1216 repetitions

sDECOUPLE H1, 399.8529994 Line broadening.0.5-Hz
Powpr. 42 dB PT size 65536

ti:contdnuously on Total time 46 minutes:
WALTZ-16 modulated
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Solvent: cdald
Témpi 25.0 C / 298.1 K
Operator: chem

FERE T {AU-IZ-P-NO2-ALK-C13

Mercury-400

“IITG-NMR"



'H and "*C spectra of compound 41

J
— T ™ 7 I T | T L e S e e S T T T
10 9 ] 7 6 5 4 3 2 1 PPm
¢ @ vode o ~
& 2 3aA% 2 3
A e o o
PULSE "SBQUENCE DESERVESY'H1; 399.8509632 DATA' PROCESSING me stgphet
Relax. delay 1.000 ssce _PT size 32768 .
Pulse 45.0 degre&s Total time .l minutes “8elvent: cdel3
Acq. time 2.561 sec Temp. 25.0 C / 298.1 K
Width 6398.0 Hz Operator: chem
32 repetitions v iFilei au ‘gigphel
" Mercury-400 “IITG-NMR"
R R R T EEER P oo mao - IS
PRI S - I o PR - S
ARENasEsEAdIaas 4 aR2s 2 8
R R R R R PR < N - P
TRAAANSNSINSNSAS H EEEE P By
Iaddadaadaanaad - 1 I
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| R R R
1
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e i
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|
L |
T T T T T LN [ B T T L Lt T e
180 160 140 120 100 80 60 40 20 ppm
PULSE SSEQUENCE £13,: 10055425870 “DATA PROCESSTNG.

‘Relact.:delay 1.000 sec
Pulse 45.0 degress
Acq.time 1.304 8ec
Width 25125.6 Hz

820 repetitions

DECOURLE = H1,.399.8529994

continuously: on
WALTZ-16 modulated

Line broadening 0.5 Hz
FT size 65536
Total time 31 minutas
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AR STMPhCL  33C-L

Solveats cdély
Temp. . 35.05€:/ 2981 K
Operator: chem
File: hu-SIQUPhC1-13C-1
Mercury-400 *IITG-NMR*



'H and "C spectra of compound 4m
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T T L i L T T L AL T
10 9 8 7 6 pm
5 4 2 1 P]
" oo oo o
woaestn o
42 R8T a3
& BULSE SSEQUENCE * OBSERVE. -H1,1:359. 8509675 DATA PROCESSING AU- 1Z2BNPH-A1
Relax. delay 1.000 sec FT size 32768
Pulse 45.0 degre. Total time 1 minutes I
Acq. time 2.561 s Solvent: cdcl3
Width 6398.0 Hz Temp. 25.0 C / 298.1 K
32.repatitions . Operator: chem
Mercury-400 “IITG-NMR®
R EE R PR R w o wor o
AnSdrfdsdnora® 0o n PR °
Fl Gt hamnemAdoBomdnm e 8385 £
BV HOD DD @Y w0 N O @ s e e n
TON MN8N NN ° [N n
Aa0833383333334345 A L
5\ I [ J
|
|
| i
|
| |
| ‘
‘ |
!
|
|
1 ‘ I bl |
T T S B I Y R A LN L L L L L L L L SN B L L L B L B
180 160 140 120 100 80 60 40 20
TPULSE 'SEQUENCE FOBSERVE : CI3+:100.5425840 “DATR 'PROCESSING: RBELZE 8 -bnsell
:Relax. delay 1.000 sec .DECOUPLE HI, :399.8529994 Line broadening 0:5-Hz
Pulse 45.0 degrees ~Power.42 dB FT size 65536 ‘BolvanEs’ §dcll
1 Aeq. time 1.304 sec - ~comtxinucusly on Total time’ 43 minutes Temp.?25.0°C" 298.1 K
. Width 25125.6 Hz WALTZ-16 modulated Operator: chem
1130 repetitions Pile:l AU IZ-8-bn-c13
Mercury-400 “IITG-NMR®
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'H and "C spectra of compound 4n
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Solvent: cdeld

11 10 9 8 7 6 5 4 3
v = mao o
IT 2SS a Re
B
"PULSE ‘SEQUENCE " OBSERVE " H1, 399.8509636 DATA PROCESSING
Relax. delay 1.000 sec FT size 32768
Pulse 45.0 degrees Total time 1 minutes
Acg. time 2.561 sec
Width 6398.0 Hz
32 repetitions
-1Z-AL_13C
c meaoroonacon
5 RE8HSESfUNSRS 2 smen o
] Akt : 3 ey 2
s sidndsNNdEEs o :
3 Hogsssaggazs 8 R 5
T onfgssssadasn g EEEE 3
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 Pppm

Temb. 25.0 C / 298.1 K
Operator: chem»
Pile: Au-TZ AL
Mertury-400 "IITG-NMR"
Current Data Parameters
NAME AU-T1Z-AL_13C
EXPNO T
PROCNO 1
F2 - Acquisition Parsmeters
Date_ 20140401
ime 16.00
INST! spect”
PROBHD 5 mm PABBO BB/
PULPROX 2qpg30
D 32768
SOLVENT k]
NS 16
DS 2
SuH 36057.691 Hz
FIDRES 1.100393 Hz
RO 0.4543829 sec
RG .24
oW 13.867 usec
oE 6.50 usec
TE 299.9 K
D1 2.00000000 sec
D11 0.03000000 sec
00 1

CHANNEL £1
150.8278571 MHz
13C
10.50 usec
95.00000000 W
=aw=s CHANNEL f2 =m==m====
5F02 600.1724007 MHz
NUC: 1K
CPDERG[2 waltzlé
PCED2 .00 usec
L2 21.00000000 W
PLW1Z 0.61714000 W
PLW13 0.30239999 W

F2 - Processing paramete
ST 163

rs

SF 150.9128348 MHz
WOW EM
s5B 0

L8 1.00 Hz
GB 0

BC 1.40

Ppm



'H and "C spectra of compound 40

| A S

T T I T T T T T T T TOTTT I T T T T T T T T T T"' T T T I T T T T LANL B B B T ’T'_r"‘r‘ T ‘T'j"“!
10 9 8 7 6 5 4 3 2 1 ppm

c o owow e e
55 223 S BROSAR
e - - 4

‘PULSE SEQUENCE | OBSERVET 5 H1, 399.8509609 DATA” PROCESSING AUMIBEYHIANCE

Relax. delay 1.000 sec. PT size 32768 R
- Pulse 45.0 degrees i Total time 1 minutes Solventh' cdcl3

Acqg. time 2.561 sec
Width 6398.0 Hz
.32 repetitions

Temp. 25.0 C / 29811 K
Operator: chem
File:r RU-TZO¥-HL

Mercury-400 "IITG-NMR"
o eo e xam e o - o noo - e o
o c2era85538 z 2323 P! = 2=
£ §28z2238238¢8 z R 3 § g8
: JEIRE R I 2 cera M R
g dgddezndgs g cere ] a &
5 5838838335 ]
LL |
|
[
|
|
e I
! |
AR
| ! 1
|
|
‘ | | |
I
|
‘
‘
|
e NS SRRV EUENS T
180 160 140 120 100 80 60 40 20 ppm
PULSE -‘SEQUENCE ' OBSERVE ' Cl3-. 100.5425840 DATA PROCESSING AU-IZ-CYPH-13C

“‘ReXax ! ‘delay 1.000 sec

. Pulse 45.0 degrees

- Aeq. time 1.304 sec
Width 25125.6 Hz
.:5960 repetitions

DECOUPLE H1, 399.8529994
Power 42. dB
continuously on
WALTZ-16 modulated

Line broadening 0.5 Hz
PT size 65536
Total time 3.8 hours

S24

Solvent: cdcl3

Temp. 25.0 C / 298.1 K
Operator: chem

File: Au-Izcyph-13C
Mercury-400 “IITG-NMR"



AU-IZ-ISP-1H

'H and "C spectra of compound 4p

Current Data Parameters

AU-12-ISP-1H
ExPNO 1
PROCKO 1

F2 - Aequisition Paramet
20140620

2930
12788
coc13

1
2

e 12019.230 He

FIDRES 0.366798 Hz

A0

BS

o

[

TE 293,

b1 1.00000000 sec

™00 1

mescsces CHARNEL f1 ==sewmmn

sFo1 6001737063 Miz
wcL

I 12.00 o

PLRL 2100000000 W

F2 - Processing parametars
s1 16384

sF 600.1700148 ponz
won LY
ss8 0

18 0.30 B

8
ec Lo

1 10

AU-IZ-ISP-13C

L

T

¥

T
180

T
160

T
140

T
120

T
100

S25

Current Data Parameters
NAME AU-12-ISP-13C
EXENO 1
PROCNO 1

F2 - Acquisition Parameters
Date_ 20140620

ime .
INSTRUM et
PROBHD 5 mm PABBO BB/ .
PULPROG 2apg30

32768
SOLVENT €pC13
NS 167
DS 2
SWH 36057.691 Hz
FIDRES 1.100393 Hz
A 0.4543829 sec
RG .24
oW 13,867 usec
DE €.50 usec
TE 283.7 K
D1 2.00000000 sec
Dl 0.03000000 sec
™0 1

CHANNEL f1 =
150.9279571 MHz
13c

10.50 usec
95.00000000 ¥
-------- CHANNEL £2 =mmmms==
SFO2 600.1724007 MHz
NuCz 1H
CPDPRG(2 waltz16
PCPD2 70.00 usec
PLW2 21.00000000 W
PLW12 0.61714000 W
PLAL3 0.30239999 W

F2 - Processing parameters
SI

SF 150.9128413 MHz
WD EM
858 [

LB 1.00 Hz
GB 0

E 1.40




'H and "*C spectra of compound 4q

Relax. delay 1.000 isec
Pulse 45.0 degreés
Acq. time 1.304 sec
width 25125.6 Hz

680 repetitions

399.8529994

inrcontinuously on
WALTZ-16 modulated

Line broadening 0.5 Hz
FT size 65536
Total time 26 minutes

S26

‘Sélvent: lcdelld
‘Temp:i25.0 € / 298.1 K
Operator: chem
ZFilescRUSIGPhNB-13C
Mercury-400 "IITG-NMR"

— e - S e
12 1 10 9 8 7 6 5 4 2 1 ppm
* PULSE SEQUENCE OBSERVE 399.8509613 DATA PROCESSING SU-2FU
Relax. delay 1.000 sec FT size 16384
Pulse 45.0 degrees Total time 1 minute Solvent: cdcl3
Acg. time 0.640 sec Temp. 25.0 C / 298.1 K
Width 10000.0 Hz Operator: chem
32 repetitions Mercury-400 *IITG-NMR*
= o< - M o om
g §3238882¢€% g 2538 g g g g
t ssssssssss g soge g 3 E
] TEFTiETEsS ]
1|
| | |
1 i
‘ ! ‘
| ‘
| ‘
‘
\
J M [ )
S e e 1 L e A BN e
180 160 140 120 100 80 60 40 20 PPm
| PUESE "SEQUENCE OBSERVEACL3,” 100.5425855 DATA | PROCESSING TAUXTZEhNB =



'H,"C and "F spectra of compound 4r

AU-IZ-NBCF-PHM-1H

v et
e T
2100088588 &

FiC N

L ) B N

[Rana T T T
11 10 9

AU-NB-CF3-SP-Ph_13C

Current Data Parameters
i N
Exeno R
SRoRo H
2 - Acquisition parameters
o Boliione
She 301
T —
S8 0370571 s
f
10125 usec
95.00000000
e £2
S0 112 ea0] e
ayczie
35755 usec
Fing 21.00000000 &
Finiz 2:61732000 W
B 13523599 ¥
190 180 170 160 150 140 130 120 110 100 90 80 70 €0 s0 40 30 20 10  ppm
e
Sampie wames
Baca coniscrea oms
T ra e ereanyaao
L it
P s s
PlLaPile: PLUORIME H T
|
Pulss Sequence: FLUORINE (wapull
ivent: edoa3
LTIl ans sur a0 a0ae
as.0 c / zem.n x
opormions Snam
Reiax. delay 1.000 mes
Pulss 30.0 dagress |
3. time 0.742 mes |
32 reparicions
smine
ire i3i07a
t [P
|
A I
160 140 120 100 80 60 40 20 0 ppm

S27



'H and "C spectra of compound 4s

/l

~,

N

IrPURSE 3
Relax. delay 1.000 sec

. Pulse 45.0 degrees
Acqg. time 2.561 sec
width 6398.0 Hz

+ A2.yepetitions

| OBEERVE"? - BT 30K 8509652

@
o

S

.04

DATA PROCESSING
FT size 32768
Total time 1 minutes

79.503

/17550
N

77.230
76.910

3.137

*AU-TIZCP-PHME: 13C

Solvent: ©dcl3
Temp.+25.0 T/ 298.1 K
Operator: chem -
File: AU-IZTBPENR-H11
Mercury-400. *IITG-NMR®

30.130

= RN R e
@ wihaweade an @
] Nerwe@eNOR~M -
w PR R R ] -
- R EEREREEE s
- I BRI I S ) B
| | |
A
|
| 1 |
) |
|
I
L I B e IR R BN T IS L I B B T
180 160 140 120 100

{PULSE “SEQUENCE
-Reltax.‘delay 1.000 sec
Pulse 45.0 degrees

: Aeg. time 1.304 sec

- Width 25125.6 Hz
6040 repetitions

OBSERVE- "C13, 100.5425824
DECOUPLE H1, 399.8529994
Power- 42 dB
continuously on
WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz
FT size 65536

Total time 3.9 hours

S28

AU-I1Z-TB-Ph_13C

Solvent: cdcl3
Temp. 25.0 C / 298.1 K
Operator: chem

File: AU*IZ*TBvPhVIJC
Mercury-400 "IITG-NMR"



'H and "C spectra of compound 4t

—

=~

N

| |
BHH o
I ! ML
- Jut - o N TN N
BB s T T T ™ L e e L e B EL O |
11 10 9 8 7 6 5 4 3 2 1 Ppm
AT el P
3.66 5.002.03 4.20 61.04
3.562.27 3.75 6.64 7.77
“PULSE "SEQUENCE OBSERVE:- TH1 ' 399.8509625 DATA PROCESSING AU-IZOCTPH-H1
Relax. delay 1.000 sec PT size 32768
Pulse 45.0 degrees Total time 1 minutes Solvent: cdcl3
Acqg. time 2.561 sec Temp. 25.0 C / 298.1 K
width 6398.0 Hz Operator: chem
32 repetitions Mercury-400 "IITG-NMR®
a4
s =
™
@ o
8N
e o
22 . Eigt
2aEE ., £
e 3
LI SRS " nE 7o
TEESg L R LR
-3 . e e e e
L1 o e ST e
“s 33 - R s
2es " - S
ne e 1
2 e B -
o~ : - ..‘(
§ o . i % J
| k= | | -
2 a |
° oS |
2 - n |
- a |
- ? |
H s
o a
|
i :r
' |
|
|
| ‘ k
Wl . -
AL L L L L O L L B LI L O e B
200 180 160 140 120 100 80 60 40 20 © ppm
ROrSE SSEGURNCE oB¥ERVEHCIS] 100, 5425832 DATA PROCESSING: < NUnLZoRCTRBr k3E:
¢tk ‘dulay 1.000- sec “DECCUBLE HI;-399.8529994" Line broadening 0.5.Hz et b n e <
Pulse 45.0 degredd V' PoweRn42 dB BT size 65536 Solvent: cdci3
" A8q. *time 1.304 de¢ WgEiviauotely’ ob Total time 86 minutes Temp:#25¢0n€ /- 298. kK.

Width 25125.6 Hz
+"2260 ‘repetitions

WALTZ-16 modulated

S29

Operator: chem . .

Piles
Mezéiiry-400

AU EROCT PEs13C

"IITG-NMR®



The crystal parameters of compound 4a

4a- CCDC1008821

Formula
Formula weight
T/K
Crystal system
Space group
alA
bIA
c/A
of°
pr
e
VIA®
Z
Abs. Coeff./mm”
Abs. Correction
GOF on F*

Final R indices [/
> 20(D)]

R indices [all
data]

CysH2N,O,
382.45
296(2)

Orthorhombic
P2(1)2(1)2(1)
5.1346(2)
15.0120(4)
26.4598(7)
90.00
90.00
90.00
2039.54(11)
4
0.080
Multi-scan
1.299
R1=0.0335
wR2 = 0.0707
R1= 0.0371

wR2 = 0.0719




ORTEP diagram of 4a

S31



