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Figure 1: 1H NMR spectrum of the ionic liquid supported copper catalyst 4. 
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Figure 2: 13C NMR spectrum of the ionic liquid supported copper catalyst 4. 
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Figure 3: FT-IR spectrum of the ionic liquid supported copper catalyst 4. 
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Figure 4: 1H NMR spectrum of the compound 8a. 
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Figure 5: 13C NMR spectrum of the compound 8a. 
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Figure 6: FT-IR spectrum of the compound 8a. 
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Figure 7: 1H NMR spectrum of the compound 8b. 
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Figure 8: 13C NMR spectrum of the compound 8b. 
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Figure 9: FT-IR spectrum of the compound 8b. 
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m/z
100 200 300 400 500 600 700 800 900 1000 1100

%

0

100
 16052024_CQ_1B 151 (2.650) AM2 (Ar,22000.0,556.32,0.00,LS 3); ABS; Cm (149:153)  1: TOF MS ES+ 

 7.88e7313.1189

205.0443
192.1206

314.1207

335.1032

336.1063
393.0707 782.5267647.2706490.6799

805.5415 956.4392

Figure 10: HRMS spectrum of the compound 8b. 
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Figure 11: 1H NMR spectrum of the compound 8c. 
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Figure 12: 13C NMR spectrum of the compound 8c.
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Figure 13: FT-IR spectrum of the compound 8c. 
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Figure 14: 1H NMR spectrum of the compound 8d. 
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Figure 15: 13C NMR spectrum of the compound 8d.
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Figure 16: FT-IR spectrum of the compound 8d. 
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Figure 17: 1H NMR spectrum of the compound 8e. 
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Figure 18: 13C NMR spectrum of the compound 8e.

N

NH

O

Br

OMe
8e



20

Figure 19: FT-IR spectrum of the compound 8e. 
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Figure 20: HRMS spectrum of the compound 8e. 
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Figure 21: 1H NMR spectrum of the compound 8f.
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Figure 22: 13C NMR spectrum of the compound 8f.
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Figure 23: FT-IR spectrum of the compound 8f. 
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Figure 24: 1H NMR spectrum of the compound 8g.
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Figure 25: 13C NMR spectrum of the compound 8g.
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Figure 26: FT-IR spectrum of the compound 8g. 
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Figure 27: 1H NMR spectrum of the compound 8h.

N

NH

O

8h



29

 
Figure 28: 13C NMR spectrum of the compound 8h.
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Figure 29: FT-IR spectrum of the compound 8h. 
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m/z
100 200 300 400 500 600 700 800 900 1000 1100

%

0

100
 16052024_CQ_1H 182 (3.194) AM2 (Ar,22000.0,556.32,0.00,LS 3); ABS; Cm (182:184)  1: TOF MS ES+ 

 3.40e7265.1342

249.0997

223.0795

266.1376

287.1203

558.1160288.1233 359.2579
551.3010 575.0956 822.3027782.5487 871.6953 1093.3079958.4626 1132.3878

Figure 30: HRMS spectrum of the compound 8h. 
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Figure 31: 1H NMR spectrum of the compound 8i.
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Figure 32: 13C NMR spectrum of the compound 8i.
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Figure 33: FT-IR spectrum of the compound 8i. 
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Figure 34: FT-IR spectrum of the compound 8i.
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Figure 35: 1H NMR spectrum of the compound 8j.
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Figure 36: 13C NMR spectrum of the compound 8j.
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Figure 37: FT-IR spectrum of the compound 8j. 
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Figure 38: 1H NMR spectrum of the compound 8k.
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Figure 39: 13C NMR spectrum of the compound 8k.
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Figure 40: FT-IR spectrum of the compound 8k. 
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m/z
100 200 300 400 500 600 700 800 900 1000 1100

%

0

100
 16052024_CQ_1P 147 (2.583) AM2 (Ar,22000.0,556.32,0.00,LS 3); ABS; Cm (147:151)  1: TOF MS ES+ 

 7.67e7283.1086

267.0736

239.0739

284.1111

305.0936

417.1799306.0966 439.1661 587.2491 659.4353 782.5392 821.5610 909.6341

Figure 41: HRMS of the compound 8k.
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Figure 42: 1H NMR spectrum of the compound 8l.
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Figure 43: 13C NMR spectrum of the compound 8l.
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Figure 44: FT-IR spectrum of the compound 8l. 
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Figure 45: 1H NMR spectrum of the compound 8m.
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Figure 46: 13C NMR spectrum of the compound 8m.
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Figure 47: FT-IR spectrum of the compound 8m. 
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Figure 48: 1H NMR spectrum of the compound 8n.
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Figure 49: 13C NMR spectrum of the compound 8n.
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Figure 50: FT-IR spectrum of the compound 8n. 
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Figure 51: 1H NMR spectrum of the compound 8o.

N

NH

O

O

OH
8o



53

Figure 52: 13C NMR spectrum of the compound 8o.
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Figure 53: FT-IR spectrum of the compound 8o.
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m/z
100 200 300 400 500 600 700 800 900 1000 1100

%

0

100
 16052024_CQ_1Y 150 (2.633) AM2 (Ar,22000.0,556.32,0.00,LS 3); ABS; Cm (150:152)  1: TOF MS ES+ 

 2.88e7283.1085

255.0715

197.0574

284.1119

305.0943

306.0970
441.2054 579.2808463.1797 601.2668 782.5412664.6015 805.5665 958.4554 1016.4261

Figure 54: HRMS of the compound 8o.
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Figure 55: 1H NMR spectrum of the compound 8p.
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Figure 56: 13C NMR spectrum of the compound 8p.
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Figure 57: FT-IR spectrum of the compound 8p.
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Figure 58: 1H NMR spectrum of the compound 8q.
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Figure 59: 13C NMR spectrum of the compound 8q.
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Figure 60: FT-IR spectrum of the compound 8q.
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m/z
100 200 300 400 500 600 700 800 900 1000 1100

%

0

100
 16052024_CQ_IQ 175 (3.076) AM2 (Ar,22000.0,556.31,0.00,LS 3); ABS; Cm (174:177)  1: TOF MS ES+ 

 1.20e8329.1291

213.0727

184.0421
238.0586

239.0620

330.1296

351.1115

352.1152

679.2897
437.2062

561.1930539.2067 606.6105 680.2924
991.6948795.2273 889.3771 1013.6796

Figure 61: HRMS spectrum of the compound 8q.
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Figure 62: 1H NMR spectrum of the compound 8r.
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Figure 63: 13C NMR spectrum of the compound 8r.
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Figure 64: FT-IR spectrum of the compound 8r.
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Figure 65: HRMS of the compound 8r.
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Figure 66: 1H NMR spectrum of the compound 8s.
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Figure 67: 13C NMR spectrum of the compound 8s.
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Figure 68: FT-IR spectrum of the compound 8s.
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Figure 69: HRMS of the compound 8s.
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Figure 70: 1H NMR spectrum of the compound 8t.
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Figure 71: 13C NMR spectrum of the compound 8t.
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Figure 72: FT-IR spectrum of the compound 8t.
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Figure 73: 1H NMR spectrum of the compound 8u.
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Figure 74: 13C NMR spectrum of the compound 8u.
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Figure 75: FT-IR spectrum of the compound 8u.
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Figure 76: HRMS of the compound 8u.
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Figure 77: 1H NMR spectrum of the compound 8v.
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Figure 78: 13C NMR spectrum of the compound 8v.
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Figure 79: FT-IR spectrum of the compound 8v.

N

NH

O

N8v



81

Figure 80: 1H NMR spectrum of the compound 8w.
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Figure 81: 13C NMR spectrum of the compound 8w.
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Figure 82: FT-IR spectrum of the compound 8w.
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Figure 83: 1H NMR spectrum of the compound 9a.
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Figure 84: 13C NMR spectrum of the compound 9a.



86

Figure 85: 1H NMR spectrum of the compound 9b.
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Figure 86: 13C NMR spectrum of the compound 9b.
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Figure 87: 1H NMR spectrum of the compound 9c.
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Figure 88: 13C NMR spectrum of the compound 9c.
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Figure 89: 1H NMR spectrum of the compound 9d.
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Figure 90: 13C NMR spectrum of the compound 9d.
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Figure 91: 1H NMR spectrum of the compound 9e.
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Figure 92: 13C NMR spectrum of the compound 9e.
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Figure 93: 1H NMR spectrum of the compound 9f.
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Figure 94: 13C NMR spectrum of the compound 9f.
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Figure 95: 1H NMR spectrum of the compound 9g.
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Figure 96: 13C NMR spectrum of the compound 9g.
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Figure 97: 1H NMR spectrum of the compound 9h.
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Figure 98: 13C NMR spectrum of the compound 9h.
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Figure 99: 1H NMR spectrum of the compound 9i.
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Figure 100: 13C NMR spectrum of the compound 9i.
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Figure 101: 1H NMR spectrum of the compound 9j.
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Figure 102: 13C NMR spectrum of the compound 9j.
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Figure 103: 1H NMR spectrum of the compound 9k.
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Figure 104: 13C NMR spectrum of the compound 9k.
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Figure 105: 1H NMR spectrum of the compound 9l.
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Figure 106: 13C NMR spectrum of the compound 9l.
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Figure 107: 1H NMR spectrum of the compound 9m.
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Figure 108: 13C NMR spectrum of the compound 9m.
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Figure 109: 1H NMR spectrum of the compound 9n.
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Figure 110: 13C NMR spectrum of the compound 9n.
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Figure 111: 1H NMR spectrum of the compound 9o.

CN

Br
9o



113

Figure 112: 13C NMR spectrum of the compound 9o.
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Figure 113: 1H NMR spectrum of the compound 10.
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Figure 114: 13C NMR spectrum of the compound 10.
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Figure 115: 1H NMR spectrum of the compound 11.
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Figure 116: 13C NMR spectrum of the compound 11.
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Figure 117: 1H NMR spectrum of the compound 12.
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Figure 118: 13C NMR spectrum of the compound 12.
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Figure 119: 1H NMR spectrum of the compound 13.
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Figure 120: 13C NMR spectrum of the compound 13.
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Fig 121: HRMS of the compound 13.
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Figure 122: 1H NMR spectrum of the compound 14.
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Figure 123: 13C NMR spectrum of the compound 14.
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Figure 124: HRMS of the compound 14.
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