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1. Analytical, MS, IR and NMR data for the compounds 6-17, 20-26 and 30-45. 
  

Table S1. Analytical and MS data for β-carbolines 6-8, 20 

  

  
Compd. Yield (%) tt (°C) Molecular formula Mr MS (m/z) 

6 67 193-194.5 C14H14N2O 226.28 227.0 (M + 1)+ 

7 73 203-205.5 C15H16N2O 240.31 241.1 (M + 1)+ 

8 47 178-180 C15H16N2O 240.31 241.1 (M + 1)+ 

20 53 190.5-191 C15H16N2O 240.31 241.2 (M + 1)+ 

 
Table S2. IR, 1H and 13C NMR spectroscopic data for β-carbolines 6-8, 20 

  

  

Compd. IR (ATR, ν/cm–1) 1H NMR (DMSO-d6, δ ppm) 13C NMR (DMSO-d6, δ ppm) 

6 

2977, 2867, 1628, 1568, 

1444, 1328, 1277, 1171, 

1107, 1041, 966, 871, 832, 

813, 769, 686, 653 

11.43 (s, 1H, 10), 8.15 (d, 1H, 7, J = 

5.2 Hz), 8.04 (d, 1H, 3, J = 8.6 Hz), 

7.81 (d, 1H, 6, J = 5.3 Hz), 7.00 (d, 

1H, 12, J = 2.1 Hz), 6.83 (dd, 1H, 2, J 

= 8.6, 2.2 Hz), 4.13 (q, 2H, 1', J = 7.0 

Hz), 2.51 (s, 2H, 13), 1.40 (t, 3H, 2', J 

= 6.9 Hz) 

158.78 (1), 141.44 (8), 140.52 (9), 

136.88 (7), 133.90 (11), 126.76 (5), 

122.04 (3), 114.13 (4), 111.35 (6), 

108.85 (2), 94.54 (12), 62.68 (1'), 

19.61 (13), 14.10 (2') 

7 

2963, 2871, 2765, 1626, 

1569, 1486, 1447, 1328, 

1297, 1281, 1235, 1176, 

1136, 1105, 1071, 985, 878, 

837, 819, 801, 686, 655, 633 

11.43 (s, 1H, 10), 8.15 (d, 1H, 7, J = 

5.3 Hz), 8.04 (d, 1H, 3, J = 8.6 Hz), 

7.80 (d, 1H, 6, J = 5.2 Hz), 7.00 (d, 

1H, 12, J = 1.9 Hz), 6.84 (dd, 1H, 2, J 

= 8.6, 2.1 Hz), 4.03 (t, 2H, 1', J = 6.5 

Hz), 2.73 (s, 3H, 13), 1.80 (h, 2H, 2', J 

= 7.1 Hz), 1.03 (t, 3H, 3', J = 7.4 Hz) 

158.91 (1), 141.41 (8), 140.56 (9), 

136.96 (7), 133.92 (11), 126.71 (5), 

122.01 (3), 114.15 (4), 111.33 (6), 

108.84 (2), 94.61 (12), 68.57 (1'), 

21.50 (2'), 19.67 (13), 9.89 (3') 

8 

3051, 2923, 2854, 1626, 

1568, 1449, 1380, 1275, 

1183, 1167, 978, 878, 805, 

640 

11.44 (s, 1H, 10), 8.15 (d, 1H, 7, J = 

4.8 Hz), 8.04 (d, 1H, 3, J = 8.5 Hz), 

7.82 (d, 1H, 6, J = 4.7 Hz), 7.00 (s, 

1H, 12), 6.82 (d, 1H, 2, J = 8.1 Hz), 

157.66 (1), 141.56 (8), 140.38 (9), 

136.61 (7), 133.91 (11), 126.87 (5), 

122.16 (3), 114.10 (4), 111.40 (6), 

109.77 (2), 96.00 (12), 68.98 (1'), 

21.24 (2'), 19.46 (13) 



4.76 – 4.70 (m, 2H, 1'), 2.73 (s, 2H, 

13), 1.34 (d, 6H, J = 5.7 Hz, 2') 

20 

2954, 1580, 1486, 1448, 

1324, 1287, 1212, 1047, 

1022, 909, 877, 844, 815, 

766, 622 

11.35 (s, 1H, 10), 8.15 (d, 1H, 7, J = 

5.3 Hz), 7.90 (d, 1H, 6, J = 5.3 Hz), 

7.73 (d, 1H, 3, J = 2.4 Hz), 7.49 (d, 

1H, 12, J = 8.8 Hz), 7.17 (dd, 1H, 1, J 

= 8.8, 2.5 Hz), 4.02 (t, 2H, 1', J = 6.5 

Hz), 2.74 (s, 3H, 13), 1.79 (h, 2H, 2', J 

= 7.2 Hz), 1.03 (t, 3H, 3', J = 7.4 Hz) 

153.11 (2), 142.60 (8), 137.32 (7), 

135.68 (11), 135.54 (9), 127.22 (4), 

121.90 (5), 118.71 (1), 113.17 (12), 

113.16 (6), 104.94 (3), 70.11 (1'), 

22.73 (2'), 20.85 (13), 11.02 (3') 

 

  



Table S3. Analytical and MS data for β-carboline based Boc-protected amines 9-11, 21, 23 

  

   
Compd. Yield (%) tt (°C) Molecular formula Mr MS (m/z) 

9 55 167-167.5 C21H27N3O3 369.47 370.2325 (M + 1)+ 

10 48  178-179.5 C22H29N3O3 383.49 384.3 (M + 1)+ 

11 40 173.5-174.5 C15H16N2O 383.49 284.3 (M + 1)+ 

21 50 175-181.5 C22H29N3O3 383.49 384.20 (M + 1)+ 

23 50 161-162 C20H25N3O3 355.44 356.25 (M + 1)+ 

 

  



Table S4. 1H and 13C NMR spectroscopic data for β-carboline based Boc-protected amines 9-11, 21, 23 

  

   

Compd. IR (ATR, ν/cm–1) 1H NMR (DMSO-d6, δ ppm) 13C NMR (DMSO-d6, δ ppm) 

9 

3239, 2974, 1698, 1623, 

1564, 1503, 1447, 1365, 

1308, 1276, 1247, 1165, 

1148, 1124, 1048, 977, 962, 

874, 802, 733, 637 

8.15 (d, 1H, 7, J = 5.1 Hz), 8.06 (d, 

1H, 3, J = 8.5 Hz), 7.85 (d, 1H, 6, J = 

5.0 Hz), 7.19 (s, 1H, 12), 7.04 (t, 1H, 

5', J = 5.7 Hz), 6.86 (d, 1H, 2, J = 8.5 

Hz), 4.54 (t, 2H, 3', J = 6.4 Hz), 4.18 

(q, 2H, 1', J = 6.8 Hz), 3.33 (s, 3H, 4'), 

2.94 (s, 3H, 13), 1.41 (t, 3H, 2', J = 6.9 

Hz), 1.29 (s, 8H, 8', 1.00 (s, 1H, 8') 

160.17 (6'), 156.14 (1), 143.38 (8), 

140.97 (9), 138.17 (7), 135.21 (11), 

128.92 (4), 122.77 (3), 114.78 (5), 

112.67 (6), 109.66 (2), 94.88 (12), 

78.30 (7'), 63.93 (1'), 44.48 (3'), 40.58 

(4'), 28.54 (8'), 23.58 (13), 15.17 (2') 

10 

3190, 2970, 1698, 1622, 

1567, 1447, 1391, 1364, 

1276, 1245, 1164, 1147, 

1124, 1042, 989, 968, 876, 

802, 769, 682, 638 

8.15 (d, 1H, 7, J = 5.1 Hz), 8.06 (d, 

1H, 3, J = 8.5 Hz), 7.85 (d, 1H, 6, J = 

5.1 Hz), 7.22 (d, 1H, 12, J = 2.2 Hz), 

7.05 (t, 1H, 6', J = 6.0 Hz), 6.86 (dd, 

1H, 2, J = 8.6, 2.1 Hz), 4.54 (t, 2H, 1', 

J = 6.7 Hz), 4.09 (t, 2H, 4', J = 6.6 Hz), 

3.32 (d, 2H, 5', J = 7.1 Hz), 2.94 (s, 

3H, 13), 1.82 (d, 2H, 2’ J = 7.1 Hz), 

1.30 (s, 8H, 9'), 1.04 (d, 3H, 3', J = 7.4 

Hz) 

160.34 (7'), 156.16 (1), 143.38 (10), 

140.96 (9), 138.17 (7), 135.19 (11), 

128.91 (4), 122.74 (3), 114.74 (5), 

112.66 (6), 109.77 (2), 94.81 (12), 

78.31 (8'), 69.86 (1'), 44.48 (4'), 40.59 

(5'), 28.54 (9'), 23.57 (13), 22.61 (2'), 

10.96 (3') 

11 

3240, 2978, 2934, 1702, 

1620, 1561, 1497, 1364, 

1333, 1244, 1225, 1168, 

1037, 967, 876, 833, 816, 

779, 646 

8.15 (d, 1H, 7, J = 5.1 Hz), 8.05 (d, 

1H, 3, J = 8.5 Hz), 7.85 (d, 1H, 6, J = 

5.2 Hz), 7.20 (s, 1H, 12), 7.04 (t, 1H, 

5', J = 5.7 Hz), 6.84 (dd, 1H, 2, J = 8.5, 

1.6 Hz), 4.84 – 4.79 (m, 1H, 1'), 4.53 

(t, 2H, 3', J = 6.5 Hz), 3.33 (s, 2H, 4'), 

2.94 (s, 3H, 13), 1.36 (d, 6H, 2', J = 

6.0 Hz), 1.29 (s, 8H, 8'), 0.99 (s, 1H, 

8') 

157.95 (6'), 155.08 (1), 142.39 (8), 

139.85 (9), 137.08 (7), 134.15 (11), 

127.83 (4), 121.72 (3), 113.63 (5), 

111.57 (6), 109.37 (2), 94.99 (12), 

77.23 (7'), 68.85 (1'), 43.35 (3'), 39.56 

(4'), 27.46 (8'), 22.49 (2'), 21.34 (13) 

21 

3208, 2964, 1702, 1566, 

1487, 1367, 1275, 1223, 

1050, 840, 814, 743, 623 

8.16 (d, 1H, 7, J = 5.2 Hz), 7.96 (d, 

1H, 6, J = 5.2 Hz), 7.77 (d, 1H, 3, J = 

2.5 Hz), 7.57 (d, 1H, 12, J = 9.0 Hz), 

7.23 (dd, 1H, 1, J = 8.9, 2.4 Hz), 7.03 

(t, 1H, 6', J = 5.9 Hz), 4.57 (t, 2H, 4', J 

= 6.7 Hz), 4.03 (t, 2H, 1', J = 6.5 Hz), 

155.07 (7'), 152.34 (2'), 140.72 (8), 

136.28 (7), 135.59 (9), 134.40 (11), 

127.23 (4), 120.42 (5), 117.61 (6), 

112.41 (1), 110.44 (12), 103.81 (3), 

77.25 (2), 69.12 (1'), 43.32 (4'), 39.64 



3.28 (q, 2H, 5', J = 6.6 Hz), 2.96 (s, 

3H, 13), 1.79 (h, 2H, 2', J = 7.2 Hz), 

1.31 (s, 6H, 9'), 1.03 (t, 3H, 3'/9', J = 

7.4 Hz) 

(5'), 27.50 (9'), 22.58 (13), 21.60 (2'), 

9.91 (3') 

23 

3205, 2990, 1702, 1570, 

1489, 1475, 1389, 1355, 

1284, 1248, 1227, 1202, 

1187, 1122, 1048, 1024, 863, 

815, 805, 757, 705, 670 

8.17 (d, 1H, 7, J = 5.2 Hz), 7.97 (d, 

1H, 6, J = 5.2 Hz), 7.78 (d, 1H, 3,  J = 

2.5 Hz), 7.59 (d, 1H, 12, J = 9.0 Hz), 

7.23 (dd, 1H, 1, J = 8.9, 2.5 Hz), 7.03 

(t, 1H, 4', J = 5.9 Hz), 4.58 (t, 2H, 2', J 

= 6.7 Hz), 3.86 (s, 3H, 1'), 3.29 (q, 

2H, 3', J = 6.5 Hz), 2.96 (s, 3H, 13), 

1.31 (s, 8H, 7'), 1.04 (s, 1H, 7') 

156.16 (5'), 154.10 (2), 141.84 (8), 

137.34 (7), 136.72 (9), 135.48 (11), 

128.32 (4), 121.46 (5), 118.32 (6), 

113.47 (1), 111.59 (12), 103.90 (3), 

78.33 (6'), 56.16 (1'), 44.42 (2'), 40.73 

(3'), 28.58 (7'), 23.65 (13) 

  



Table S5. Analytical and MS data for β-carboline based amines 12-14, 22, 24 

  

   
Compd. Yield (%) tt (°C) Molecular formula Mr MS (m/z) 

12 72 156-157.5 C16H19N3O 269.35 270.10 (M + 1)+ 

13 80  167.5-173 C17H21N3O 283.38 284.3 (M + 1)+ 

14 34  105-107.5 C17H21N3O 283.38 284.3 (M + 1)+ 

22 71  106.5-108.5 C17H21N3O 283.38 284.20 (M + 1)+ 

24 62 111-113 C15H17N3O 255.32 256.20 (M + 1)+. 

 
 

 

Table S6. 1H and 13C NMR spectroscopic data for β-carboline based amines 12-14, 22, 24 

  

   

Compd. IR (ATR, ν/cm–1) 1H NMR (DMSO-d6, δ ppm) 13C NMR (DMSO-d6, δ ppm) 

12  

8.15 (d, 1H, 7, J = 5.1 Hz), 8.06 (d, 

1H, 6, J = 8.5 Hz), 7.85 (d, 1H, 3, J = 

5.1 Hz), 7.22 (s, 1H, 12), 6.85 (dd, 

1H, 2, J = 8.5 Hz, 1.5 Hz), 4.51 (t, 2H, 

3', J = 7.2 Hz), 4.18 (q, 2H, 1', J = 6.9 

Hz), 2.96 (s, 3H, 13), 2.90 (t, 2H, 5', J 

= 7.2 Hz), 1.65 (s, 2H, 6'), 1.40 (t, 3H, 

3', J = 6.9 Hz) 

160.18 (1), 143.41 (8), 141.08 (9), 

138.08 (7), 135.26 (11), 128.69 (4), 

122.75 (1), 114.58 (5), 112.63 (6), 

109.76 (2), 94.90 (12), 63.98 (1'), 

47.66 (3'), 42.61 (4'), 23.76 (13), 

15.16 (2') 

13  
8.16 (d, 1H, 7, J = 5.2 Hz), 8.07 (d, 

1H, 3, J = 8.5 Hz), 7.86 (d, 1H, 6, J = 

160.49 (1), 143.29 (8), 141.06 (9), 

138.28 (7), 135.12 (11), 128.87 (4), 



5.1 Hz), 7.30 (d, 1H, 12, J = 2.2 Hz), 

6.87 (dd, 1H, 2, J = 8.6, 2.1 Hz), 4.64 

(t, 2H, 1', J = 7.5 Hz), 4.10 (t, 2H, 4', J 

= 6.5 Hz), 3.00 (t, 2H, 5', J = 7.6 Hz), 

2.97 (s, 3H, 13), 2.51 (s, 2H, 6'), 1.81 

(h, 2H, 2', J = 7.1 Hz), 1.04 (t, 3H, 3', 

J = 7.4 Hz) 

122.83 (3), 114.65 (5), 112.67 (6), 

109.98 (2), 94.88 (12), 69.98 (1'), 

45.39 (4), 41.08 (5), 23.72 (13), 22.62 

(2'), 11.01 (3') 

14 
1619, 1412, 1218, 1155, 

1109, 980, 844, 812 

8.14 (d, 1H, 7, J = 5.1 Hz), 8.05 (d, 

1H, 3, J = 8.6 Hz), 7.85 (d, 1H, 6, J = 

5.1 Hz), 7.22 (d, 1H, 12, J = 2.0 Hz), 

6.84 (dd, 1H, 2, J = 8.6, 2.1 Hz), 4.86 

– 4.80 (m, 1H, 1'), 4.51 (t, 2H, 3', J = 

7.2 Hz), 2.99 (s, 1H, 13), 2.96 (s, 2H, 

13), 2.90 (t, 2H, 5', J = 7.3 Hz), 1.34 

(d, 6H, 2', J = 6.0 Hz) 

158.99 (1), 143.46 (8), 141.05 (9), 

138.07 (7), 135.29 (11), 128.69 (4), 

122.81 (3), 114.59 (5), 112.63 (6), 

110.60 (2), 96.35 (12), 69.96 (1'), 

47.57 (3'), 42.61 (4'), 29.13 (13), 

23.76 (2') 

22 

2964, 1655, 1582, 1449, 

1374, 1287, 1218, 1052, 991, 

850, 813, 616 

8.16 (d, 1H, 7, J = 5.1 Hz), 7.96 (d, 

1H, 6, J = 5.0 Hz), 7.77 (s, 1H, 3), 

7.66 (d, 1H, 12, J = 8.9 Hz), 7.22 (dd, 

1H, 1, J = 8.8, 1.6 Hz), 4.53 (t, 2H, 4', 

J = 7.0 Hz), 4.03 (t, 2H, 1', J = 6.4 Hz), 

2.97 (s, 3H, 13), 2.89 (t, 2H, 5', J = 7.0 

Hz), 1.79 (h, 2H, 2', J = 6.9 Hz), 1.03 

(t, 3H, 3', J = 7.4 Hz) 

153.35 (2), 141.91 (8), 137.25 (7), 

136.73 (9), 135.57 (11), 128.06 (4), 

121.32 (5), 118.67 (6), 113.48 (1), 

111.92 (12), 104.75 (3), 70.17 (1'), 

47.87 (4'), 42.82 (5'), 23.88 (13), 

22.70 (2'), 10.99 (3') 

24 
1561, 1489, 1446, 1290, 

1221, 1049, 814, 616 

8.16 (d, 1H, 7, J = 5.2 Hz), 7.96 (d, 

1H, 6, J = 5.2 Hz), 7.77 (d, 1H, 3, J = 

2.5 Hz), 7.67 (d, 1H, 12, J = 9.0 Hz), 

7.22 (dd, 1H, 1, J = 8.9, 2.5 Hz), 4.54 

(t, 2H, 2', J = 7.2 Hz), 3.87 (s, 3H, 1'), 

2.98 (s, 3H, 13), 2.90 (t, 2H, 3', J = 7.2 

Hz) 

154.00 (2), 141.95 (8), 137.26 (7), 

136.74 (9), 135.55 (11), 128.04 (4), 

121.28 (5), 118.28 (6), 113.45 (1), 

111.96 (12), 103.81 (3), 56.14 (1'), 

47.76 (2'), 42.75 (3'), 23.87 (13) 

 
Table S7. Analytical and MS data for β-carboline based alkynes 15-17, 25, 26, 30-32 

   

     
Compd. Yield (%) tt (°C) Molecular formula Mr MS (m/z) 

15 55  137.5-140  C17H16N2O 264.33 265.10 (M + 1)+ 

16 47  135-136  C18H18N2O 278.36 279.05 (M + 1)+ 

17 47  134-137  C18H18N2O 278.36 279.10 (M + 1)+ 

25 10  137.5-145.5  C16H14N2O 250.30 251.15 (M + 1)+  

26 52 137.5-140.5 C18H18N2O 278.36 267.20 (M + 1)+ 

30 40 126-128 C16H14N2 234.30 235.15 (M + 1)+  

31 55 89.5-90.5 C17H16N2 248.33 249.20 (M + 1)+ 

32 29 89.5-91.5 C17H16N2 248.33 249.20 (M + 1)+ 

      
 



Table S8. 1H and 13C NMR spectroscopic data for β-carboline based alkynes 15-17, 25, 26, 30-32 

  

    

   
 

Compd. IR (ATR, ν/cm–1) 1H NMR (DMSO-d6, δ ppm) 13C NMR (DMSO-d6, δ ppm) 

15 

3270, 2980, 1626, 1564, 

1445, 1394, 1305, 1254, 

1208, 1189, 1110, 1046, 950, 

927, 842, 810, 798, 697, 671, 

632 

8.19 (d, 1H, 7, J = 5.2 Hz), 8.08 (d, 

1H, 3, J = 8.6 Hz), 7.87 (d, 1H, 6, J = 

5.3 Hz), 7.31 (d, 1H, 12, J = 2.0 Hz), 

6.89 (dd, 1H, 2, J = 8.6, 2.1 Hz), 5.43 

(d, 2H, 3', J = 2.3 Hz), 4.19 (q, 2H, 1', 

J = 7.0 Hz), 3.04 (s, 3H, 13), 2.96 (s, 

1H, 5'), 1.41 (d, 3H, 2', J = 6.9 Hz) 

159.90 (1), 142.57 (8), 141.02 (9), 

138.48 (7), 134.38 (11), 128.91 (5), 

122.45 (3), 114.33 (4), 112.23 (6), 

109.90 (2), 94.40 (12), 75.49 (4'), 

63.57 (1'), 34.16 (3'), 22.46 (13'), 

14.64 (2') 

16 

2960, 2106, 1622, 1566, 

1443, 1335, 1279, 1251, 

1184, 1141, 1119, 1050, 979; 

926, 811, 730, 648 

8.19 (d, 1H, 7, J = 5.2 Hz), 8.08 (d, 

1H, 3, J = 8.6 Hz), 7.87 (d, 1H, 6, J = 

5.2 Hz), 7.32 (d, 1H, 12, J = 1.9 Hz), 

6.90 (dd, 1H, 2, J = 8.5, 2.1 Hz), 5.44 

(d, 2H, 4', J = 2.2 Hz), 4.09 (t, 2H, 1', 

J = 6.6 Hz), 3.36 (t, 1H, 6', J = 2.2 Hz), 

3.04 (s, 3H, 13), 1.81 (h, 2H, 2', J = 7.2 

Hz), 1.04 (t, 3H, 3', J = 7.4 Hz) 

160.58 (1), 143.08 (8), 141.53 (9), 

138.99 (7), 134.88 (11), 129.41 (5), 

122.95 (3), 114.82 (4), 112.74 (6), 

110.44 (2), 94.91 (12), 76.00 (5'), 

69.97 (1'), 34.67 (4'), 22.97 (2'), 22.60 

(13), 10.97 (3') 

17 

3116, 2974, 2106, 1632, 

1571, 1496, 1444, 1373, 

1348, 1299, 1282, 1218, 

1183, 1134, 1109, 979, 827, 

803, 671, 648 

8.19 (d, 1H, 7, J = 5.2 Hz), 8.07 (d, 

1H, 3, J = 8.6 Hz), 7.87 (d, 1H, 6, J = 

5.2 Hz), 7.31 (d, 1H, 12, J = 1.7 Hz), 

6.87 (dd, 1H, 2, J = 8.6, 1.9 Hz), 5.43 

(d, 2H, 4', J = 2.0 Hz), 4.84 (hept, 1H, 

1', J = 6.0 Hz), 3.35 (t, 1H, 5', J = 2.0 

Hz), 3.04 (s, 3H, 13), 1.35 (d, 6H, 2', J 

= 6.0 Hz) 

159.26 (1), 143.13 (8), 141.50 (9), 

138.99 (7), 134.92 (11), 129.42 (5), 

123.01 (3), 114.83 (4), 112.74 (6), 

111.21 (2), 96.22 (12), 75.95 (4'), 

70.07 (1'), 34.66 (3'), 23.00 (13), 

22.36 (2') 

25 

3162, 3014, 2111, 1585, 

1564, 1489, 1452, 1375, 

1333, 1289, 1229, 1123, 

1043, 980, 928, 832, 816, 

720, 619 

8.21 (d, 1H, 7, J = 5.2 Hz), 7.99 (d, 

1H, 6, J = 5.2 Hz), 7.80 (d, 1H, 3, J = 

2.5 Hz), 7.72 (d, 1H, 12, J = 9.0 Hz), 

7.26 (dd, 1H, 1, J = 8.9, 2.5 Hz), 5.43 

(d, 2H, 2', J = 2.3 Hz), 3.87 (s, 3H, 1'), 

3.04 (s, 3H, 13) 

154.48 (2), 142.36 (8), 138.29 (7), 

136.33 (9), 135.28 (11), 128.92 (4), 

121.83 (5), 118.45 (6), 113.58 (1), 

111.89 (12), 104.15 (3), 76.00 (3'), 

56.17 (1'), 34.80 (2'), 23.07 (13) 



26 

2940, 2109, 1582, 1450, 

1374, 1288, 1211, 1197, 990, 

909, 878, 830, 816, 745, 622 

8.21 (d, 1H, 7, J = 5.2 Hz), 7.99 (d, 

1H, 6, J = 5.3 Hz), 7.80 (d, 1H, 3, J = 

2.4 Hz), 7.70 (d, 1H, 12, J = 8.9 Hz), 

7.25 (dd, 1H, 1, J = 8.9, 2.5 Hz), 5.42 

(d, 3H, 4', J = 2.2 Hz), 4.04 (t, 3H, 1', 

J = 6.5 Hz), 3.04 (s, 3H, 13), 2.98 (s, 

1H, 6'), 1.79 (h, 3H, 2', J = 7.1 Hz), 

1.03 (t, 4H, 3', J = 7.4 Hz) 

152.76 (2), 141.23 (8), 137.21 (7), 

135.22 (9), 134.20 (11), 127.86 (4), 

120.79 (5), 117.72 (6), 112.52 (1), 

110.74 (12), 103.99 (3), 95.85 (6'), 

85.40 (5'), 69.10 (1'), 33.71 (4'), 21.99 

(2'), 21.61 (13), 9.91 (3') 

30 
3276, 1656, 1581, 1450, 

1374, 1197, 991, 806, 623 

8.34 (t, 1H, 7, J = 4.9 Hz), 8.26 (t, 1H, 

3, J = 7.0 Hz), 8.02 (d, 1H, 6, J = 5.1 

Hz), 7.79 (dd, 1H, 12, J = 17.9, 8.4 

Hz), 7.66 – 7.58 (m, 1H, 1), 7.32 (dt, 

1H, 2, J = 10.3, 7.5 Hz), 5.76 (d, 1H, 

1', J = 6.2 Hz), 5.44 (d, 1H, 1', J = 2.4 

Hz), 3.45 – 3.38 (m, 2H, 13), 3.34 (s, 

1H, 3'), 1.39 (dt, 3H, J = 32.3, 7.5 Hz, 

14) 

146.87 (8), 141.47 (9), 138.94 (7), 

134.04 (11), 129.43 (4), 128.84 (3), 

121.98 (12), 121.52 (2), 120.67 (6), 

113.34 (12), 110.99 (5), 96.44 (2'), 

86.05 (3'), 35.05 (1'), 28.14 (13), 

13.75 (14) 

31 

2968, 1612, 1579, 1452, 

1430, 1330, 1227, 1200, 

1140, 1047, 875, 815, 746 

8.33 (d, 1H, 7, J = 5.1 Hz), 8.25 (d, 

1H, 3, J = 7.7 Hz), 8.02 (d, 1H, 6, J = 

5.0 Hz,), 7.79 (d, 1H, 12, J = 8.3 Hz), 

7.63 (t, 1H, 1, J = 7.6 Hz), 7.31 (t, 1H, 

2, J = 7.4 Hz), 5.41 (d, 2H, 1', J = 1.62 

Hz), 3.36 (t, 3H, 13'/2', J = 7.8 Hz), 

1.90 (h, 2H, 14, J = 7.4 Hz), 1.05 (t, 

3H, 15, J = 7.3 Hz) 

145.90 (8), 141.51 (9), 138.93 (7), 

134.18 (11), 129.59 (4), 128.87 (1), 

121.98 (3), 121.52 (5), 120.69 (2), 

113.33 (6), 110.99 (12), 76.10 (2'), 

37.07 (1'), 35.04 (13), 22.62 (14), 

14.49 (15) 

32  

8.38 (d, 1H, 7, J = 5.0 Hz), 8.25 (d, 

1H, 3, J = 7.7 Hz), 8.02 (d, 1H, 6, J = 

5.1 Hz), 7.80 (d, 1H, 12, J = 8.4 Hz), 

7.63 (ddd, 1H, 1, J = 8.4, 7.1, 1.3 Hz), 

7.31 (ddd, 1H, 2, J = 7.9, 7.0, 0.9 Hz), 

5.43 (d, 2H, 1', J = 2.4 Hz), 3.97 

(hept, 1H, 13, J = 6.6 Hz), 3.37 (t, 1H, 

3', J = 2.4 Hz), 1.42 (d, 6H, 14, J = 6.6 

Hz) 

150.40 (8), 141.13 (9), 138.47 (7), 

132.46 (11), 129.37 (4), 128.31 (3), 

121.32 (1), 120.96 (5), 120.10 (2), 

112.57 (6), 110.40 (12), 75.54 (2'), 

34.86 (1'), 30.73 (13), 22.70 (14) 

 
  



Table S9. Analytical and MS data for AT harmiquins 33-37 

  

   
Compd. Yield (%) tt (°C) Molecular formula Mr MS (m/z) 

33 46 204-205 C27H26ClN5O2 487.99 488.20 (M + 1)+ 

34 20 232.5-234.5 C28H28ClN5O2 502.02 502.2 (M + 1)+ 

35 37 249.5-255.5 C28H28ClN5O2 502.02 502.2 (M + 1)+ 

36 40 219.5-222.5 C26H24ClN5O2 473.96 474.30 (M + 1)+ 

37 16 238.5-245.5 C28H28ClN5O2 502.02 502.20 (M + 1)+ 

 
  



Table S10. 1H and 13C NMR spectroscopic data for AT harmiquins 33-37 

  

  
  



 

Compd. IR (ATR, ν/cm–1) 1H NMR (DMSO-d6, δ ppm) 13C NMR (DMSO-d6, δ ppm) 

33 

3269, 2926, 1657, 1623, 

1580, 1499, 1444, 1339, 

1279, 1248, 1186, 1140, 

1112, 1049, 975, 850, 804, 

765, 732, 638  

8.38 (t, 1H, 5', J = 5.5 Hz), 8.32 (d, 

1H, 10', J = 5.3 Hz), 8.26 (d, 1H, 15', J 

= 9.0 Hz), 8.16 (d, 1H, 7, J = 5.1 Hz), 

8.09 (d, 1H, 3, J = 8.5 Hz), 7.87 (d, 

1H, 6, J = 5.0 Hz), 7.82 (d, 1H, 12', J = 

2.3 Hz), 7.80 (d, 1H, 8', J = 6.4 Hz), 

7.50 (dd, 1H, 14', J = 8.9, 2.3 Hz), 

7.25 (s, 1H, 12), 6.88 (d, 1H, 2, J = 8.4 

Hz), 6.10 (d, 1H, 9', J = 5.3 Hz), 4.56 

(t, 2H, 3', J = 6.8 Hz), 4.15 (q, 2H, 1', J 

= 6.8 Hz), 3.87 (d, 1H, 7', J = 5.5 Hz), 

3.51 (q, 1H, 4', J = 6.9 Hz), 2.96 (s, 

1H, 13), 1.37 (t, 2H, 2', J = 6.9 Hz) 

169.96 (6'), 160.30 (17), 152.05 (1), 

150.79 (10'), 149.06 (11'), 143.38 (8), 

140.99 (11), 138.21 (9), 135.08 (7), 

134.09 (12'), 128.96 (13'), 127.70 (5), 

124.88 (14'), 124.71 (1'), 122.91 (3), 

117.95 (16'), 114.70 (4), 112.72 (6), 

109.90 (2), 99.45 (9'), 94.70 (12), 

63.95 (1'), 46.41 (7'), 43.74 (3'), 39.25 

(4'), 23.50 (13), 15.14 (2') 

34 

2963, 1656, 1623, 1581, 

1444, 1340, 1278, 1248, 

1188, 1140, 1048, 988, 851, 

798, 637 

8.36 (t, 1H, 6', J = 6.0 Hz), 8.32 (d, 

1H, 11', J = 5.4 Hz), 8.25 (d, 1H, 16', J 

= 9.0 Hz), 8.16 (d, 1H, 7, J = 5.2 Hz), 

8.09 (d, 1H, 3, J = 8.6 Hz), 7.87 (d, 

1H, 6, J = 5.2 Hz), 7.82 (d, 1H, 13', J = 

2.2 Hz), 7.79 (t, 1H, 9', J = 6.2 Hz), 

7.50 (dd, 1H, 15', J = 9.0, 2.3 Hz), 

7.25 (d, 1H, 12, J = 2.1 Hz), 6.89 (dd, 

1H, 2, J = 8.6, 2.1 Hz), 6.09 (d, 1H, 

10', J = 5.4 Hz), 4.57 (t, 2H, 1', J = 7.1 

Hz), 4.05 (t, 2H, 4', J = 6.5 Hz), 3.87 

(d, 2H, 8', J = 5.8 Hz), 3.51 (q, 2H, 5', 

J = 6.8 Hz), 2.96 (s, 3H, 13), 1.80 – 

1.74 (m, 2H, 2'), 0.99 (t, 3H, 3', J = 7.4 

Hz) 

 

169.94 (7'), 160.46 (18'), 152.01 (11'), 

150.81 (1), 149.01 (12'), 143.38 (8), 

140.99 (11), 138.20 (7), 135.09 (9), 

134.11 (14'), 128.97 (5), 127.67 (13'), 

124.90 (15'), 124.68 (16'), 122.91 (3), 

117.93 (17'), 114.70 (4), 112.73 (6), 

109.93 (2), 99.45 (10'), 94.71 (12), 

69.83 (1'), 46.39 (8'), 43.74 (4'), 39.26 

(5'), 23.50 (13), 22.57 (2'), 10.95 (3') 

35 

3384, 3198, 2975, 1684, 

1624, 1586, 1526, 1449, 

1388, 1334, 1281, 1232, 

1198, 1114, 1081, 1025, 986, 

935, 857, 821, 810, 759, 739, 

643 

8.38 (t, 1H, 5', J = 6.1 Hz), 8.33 (d, 

1H, 10', J = 5.4 Hz), 8.25 (d, 1H, 15', J 

= 9.0 Hz), 8.16 (d, 1H, 7, J = 5.2 Hz), 

8.08 (d, 1H, 3, J = 8.6 Hz), 7.86 (d, 

1H, 6, J = 5.2 Hz), 7.82 (d, 1H, 12', J = 

2.3 Hz), 7.79 (t, 1H, 8', J = 6.1 Hz), 

7.50 (dd, 1H, 14', J = 9.0, 2.3 Hz), 

7.26 (d, 1H, 12, J = 2.1 Hz), 6.88 (dd, 

1H, 2, J = 8.6, 2.1 Hz), 6.12 (d, 1H, 9', 

J = 5.4 Hz), 4.83 – 4.77 (m, 1H, 1'), 

4.55 (t, 2H, 3', J = 7.2 Hz), 3.88 (d, 

2H, 7', J = 5.9 Hz), 3.49 (q, 2H, 4', J = 

7.2 Hz), 2.96 (s, 3H, 13), 1.32 (d, 6H, 

2', J = 6.0 Hz) 

169.97 (6'), 159.15 (17'), 152.15 (10'), 

150.75 (1), 149.17 (11'), 143.37 (8), 

140.99 (11), 138.23 (7), 135.14 (9), 

134.05 (13'), 128.92 (5), 127.79 (12'), 

124.87 (15'), 124.69 (14'), 122.98 (3), 

117.98 (16'), 114.74 (4), 112.72 (6), 

110.61 (2), 99.48 (9'), 96.17 (12), 

70.08 (1'), 46.39 (7'), 43.73 (3'), 39.15 

(4'), 23.52 (13), 22.39 (2') 

 

36 

3272, 2920, 1666, 1611, 

1489, 1408, 1374, 1226, 

1200, 1178, 1126, 1048, 

1022, 983, 899, 850, 806, 

703, 670, 619 

8.35 (d, 1H, 4', J = 6.0 Hz), 8.33 (d, 

1H, 9', J = 5.5 Hz), 8.25 (d, 1H, 14', J 

= 9.0 Hz), 8.18 (d, 1H, 7, J = 5.2 Hz), 

7.98 (d, 1H, 6, J = 5.2 Hz), 7.82 (d, 

1H, 11', J = 2.3 Hz), 7.82-7.79 ( m, 

1H, 7'), 7.80 (d, 1H, 3, J = 2.7 Hz), 

7.65 (d, 1H, 12, J = 9.0 Hz), 7.50 (dd, 

1H, 13', J = 9.0, 2.3 Hz), 7.23 (dd, 1H, 

1, J = 9.0, 2.5 Hz), 6.09 (d, 1H, 8', J = 

5.5 Hz), 4.60 (t, 2H, 2', J = 7.0 Hz), 

3.87 (s, 3H, 1'), 3.85 (d, 2H, 6', J = 5.9 

169.84 (5'), 154.15 (16'), 151.97 (9'), 

150.83 (2), 148.98 (10'), 141.87 (8), 

137.46 (7), 136.67 (9), 135.37 (12'), 

134.12 (11), 128.34 (4), 127.63 (11'), 

124.90 (14'), 124.71 (13'), 121.45 

(15'), 118.40 (6), 117.93 (5), 113.53 

(1), 111.61 (12), 103.97 (3), 99.46 

(8'), 56.15 (1'), 46.29 (6'), 43.92 (2'), 

40.41 (3'), 23.64 (13) 



Hz), 3.48 (q, 2H, 3', J = 6.6 Hz), 2.97 

(s, 3H, 13) 

37 

3273, 2964, 1656, 1611, 

1582, 1488, 1450, 1374, 

1225, 1196, 991, 850, 802, 

766, 618 

8.33 (d, 2H, 6'/11', J = 4.7 Hz), 8.24 

(d, 1H, 16', J = 9.0 Hz), 8.17 (d, 1H, 

7, J = 5.2 Hz), 7.97 (d, 1H, 6, J = 5.1 

Hz), 7.81 (d, 1H, 13', J = 1.9 Hz), 7.79 

(d, 1H, 3, J = 2.2 Hz), 7.73 (t, 1H, 9', J 

= 5.7 Hz), 7.63 (d, 1H, 12, J = 9.0 Hz), 

7.49 (dd, 1H, 15', J = 9.0, 2.0 Hz), 

7.23 (dd, 1H, 1, J = 8.9, 2.3 Hz), 6.08 

(d, 1H, 10', J = 5.4 Hz), 4.59 (t, 2H, 4', 

J = 6.9 Hz), 4.03 (t, 2H, 1', J = 6.5 Hz), 

3.84 (d, 2H, 8', J = 5.8 Hz), 3.48 (q, 

3H, 5', J = 6.5 Hz), 2.97 (s, 3H, 13), 

1.79 (h, 2H, 2', J = 7.1 Hz), 1.03 (t, 

3H, 3', J = 7.4 Hz) 

169.91 (7'), 153.50 (18'), 152.25 (11'), 

150.65 (2), 149.30 (12'), 141.84 (8), 

137.50, (7) 136.65 (9), 135.38 (14'), 

134.00 (11), 128.35 (4), 127.89 (13'), 

124.83 (16'), 124.66 (15'), 121.50 

(17'), 118.75 (6), 117.99 (5), 113.55 

(1), 111.55 (12), 104.89 (3), 99.47 

(18'), 70.17 (1'), 46.31 (8'), 43.91 (4'), 

40.42 (5'), 23.66 (13), 22.71 (2'), 

11.01 (3') 

    

 

  



Table S11. Analytical and MS data for TT harmiquins 38-45 

 

  

  

   

  



 

Compd. Yield (%) tt (°C) Molecular formula Mr MS (m/z) 

38 58 227.5-230 C28H26ClN7O 512.01 512.20 (M + 1) 

39 72 245.5-249 C29H28ClN7O 526.04 526.15 (M + 1)+ 

40 47  234-236  C29H28ClN7O 526.04 526.25 (M + 1)+ 

41 46 245.5-250.5 C27H24ClN7O 497.99 498.20 (M + 1)+ 

42 40  205-206  C29H28ClN7O 526.04 526.20 (M + 1)+ 

43 44  192.5-194.5  C27H24ClN7 481.99 482.20 (M + 1)+ 

44 45 205-209 °C C28H26ClN7 496.02 496.20 (M + 1)+ 

45 41  189-192  C28H26ClN7 496.02 496.25 (M + 1)+ 

 

Table S12. 1H and 13C NMR spectroscopic data for TT harmiquins 38-45 

  

  



  

   

 

Compd. IR (ATR, ν/cm–1) 1H NMR (DMSO-d6, δ ppm) 13C NMR (DMSO-d6, δ ppm) 

38 

2972, 1622, 1579, 1444, 

1408, 1324, 1250, 1181, 

1140, 1047, 954, 910, 876, 

814, 765, 641 

8.31 (d, 1H, 16', J = 5.4 Hz), 8.16 (d, 

1H, 7, J = 5.2 Hz), 8.06 (d, 1H, 11', J = 

8.6 Hz), 8.03 (d, 1H, 3, J = 9.1 Hz), 

7.97 (s, 1H, 6'), 7.86 (d, 1H, 6, J = 5.2 

Hz), 7.79 (d, 1H, 14', J = 2.2 Hz), 7.39 

(dd, 1H, 2, J = 9.0, 2.2 Hz), 7.37 (d, 

1H, 8', J = 6.0 Hz), 7.24 (d, 1H, 12, J = 

2.1 Hz), 6.85 (dd, 1H, 13', J = 8.6, 2.1 

Hz), 6.45 (d, 1H, 17', J = 5.4 Hz), 5.82 

(s, 2H, 3'), 4.57 (t, 2H, 6', J = 6.0 Hz), 

4.08 (q, 2H, 1', J = 7.0 Hz), 3.69 (q, 

2H, 7', J = 5.8 Hz), 2.98 (s, 3H, 13), 

1.35 (t, 3H, 2', J = 6.9 Hz) 

159.74 (9'), 151.59 (16'), 149.70 (15'), 

148.70 (1), 143.85 (8), 142.62 (9), 

141.00 (11), 137.92 (7), 134.56 (13'), 

133.52 (4'), 128.48 (10'), 127.30 (5'), 

124.31 (11'), 123.72 (5'), 123.41 (3), 

122.29 (12'), 117.29 (4), 114.27 (5), 

112.17 (6), 109.60 (2), 98.74 (12), 

94.43 (17'), 63.42 (1'), 47.84 (3'), 

42.32 (6'/7'), 23.07 (13), 14.58 (2') 

39 

3204, 2964, 1622, 1578, 

1498, 1445, 1429, 1366, 

1341, 1323, 1181, 1140, 

1081, 1048, 982, 935, 910, 

877, 815, 766, 732, 640 

1H NMR (600 MHz, DMSO-d6) δ 

8.31 (d, 1H, 17', J = 5.4 Hz), 8.17 (d, 

1H, 7, J = 5.2 Hz), 8.07 (d, 1H, 12', J = 

8.6 Hz), 8.03 (d, 1H, 3, J = 9.1 Hz), 

7.96 (s, 1H, 6'), 7.86 (d, 1H, 6, J = 5.2 

Hz), 7.78 (d, 1H, 15', J = 2.1 Hz), 7.39 

(dd, 1H, 2, J = 9.0, 2.2 Hz), 7.36 (d, 

1H, 9', J = 5.6 Hz), 7.25 (d, 1H, 12, J = 

1.8 Hz), 6.87 (dd, 1H, 13', J = 8.6, 2.0 

Hz), 6.45 (d, 1H, 18', J = 5.5 Hz), 5.83 

(s, 2H, 4'), 4.57 (t, 2H, 7', J = 6.0 Hz), 

3.99 (t, 2H, 1', J = 6.6 Hz), 3.69 (q, 

2H, 8', J = 5.8 Hz), 2.97 (s, 3H, 13), 

1.76 (h, 2H, 2', J = 7.1 Hz), 0.99 (t, 

3H, 3', J = 7.4 Hz) 

159.33 (10'), 151.06 (17'), 149.10 (1'), 

148.17 (16'), 143.36 (8), 142.07 (9), 

140.42 (11), 137.36 (7), 134.00 (14'), 

132.93 (5'), 127.92 (11'), 126.77 (15'), 

123.72 (12'), 123.14 (6'), 122.78 (3), 

121.71 (13'), 116.73 (4), 113.70 (5), 

111.60 (6), 109.05 (2), 98.17 (12), 

93.89 (18'), 68.73 (1'), 47.27 (4'), 

41.75 (7'/8'), 22.49 (13), 21.47 (2'), 

9.87 (3') 



40 

2974, 1622, 1578, 1445, 

1408, 1324, 1182, 1139, 

1111, 1047, 909, 875, 803 

8.31 (d, 1H, 16', J = 5.4 Hz), 8.16 (d, 

1H, 7, J = 5.2 Hz), 8.06 (d, 1H, 2, J = 

4.8 Hz), 8.05 (d, 1H, 3, J = 5.1 Hz), 

7.97 (s, 1H, 5'), 7.86 (d, 1H, 6, J = 5.1 

Hz), 7.79 (d, 1H, 14', J = 1.7 Hz), 7.41 

(d, 1H, 11', J = 8.8 Hz), 7.25 (d, 1H, 

12, J = 1.9 Hz), 6.84 (dd, 12', 1H, J = 

8.6, 2.0 Hz), 6.45 (d, 1H, 17', J = 5.3 

Hz), 5.81 (s, 2H, 3'), 4.75 (h, 1H, 1', J 

= 6.0 Hz), 4.57 (t, 2H, 6', J = 6.0 Hz), 

3.70 (q, 2H, 7', J = 5.8 Hz), 2.96 (s, 

3H, 13), 1.28 (d, 6H, 2', J = 6.0 Hz) 

158.58 (9'), 151.38 (16'), 149.84 (1), 

148.46  (15'), 143.94 (8), 142.72 (9), 

140.90 (11), 137.85 (7), 134.60 (13'), 

133.63 (4'), 128.52 (10'), 127.10 (14'), 

124.39 (11'), 123.80 (5'), 123.31 (3), 

122.36 (12'), 117.26 (4), 114.27 (11), 

112.18 (6), 110.39 (2), 98.72 (12), 

95.88 (17'), 69.48 (1'), 47.83 (3'), 

42.33 (6'/7'), 23.03 (13), 21.80 (2') 

41 

3143, 3061, 2958, 1611, 

1579, 1487, 1448, 1431, 

1402, 1370, 1324, 1225, 

1195, 1140, 1083, 1083, 

1046, 1022, 980, 909, 876, 

818, 806, 734, 725, 690, 609 

8.31 (d, 1H, 7, J = 5.4 Hz), 8.18 (d, , 

1H, 15', J = 5.2 Hz), 8.04 (d, 1H, 10', J 

= 9.1 Hz), 7.97 (d, 1H, 6, J = 5.2 Hz), 

7.93 (s, 1H, 2'), 7.79 (d, 1H, 13', J = 

2.2 Hz), 7.77 (d, 1H, 3, J = 2.5 Hz), 

7.64 (d, 1H, 12, J = 9.0 Hz), 7.42 (dd, 

1H, 11', J = 9.0, 2.2 Hz), 7.40 (d, 1H, 

7',  J = 5.5 Hz), 7.14 (dd, 1H, 1, J = 

9.0, 2.5 Hz), 6.44 (d, 1H, 16', J = 5.5 

Hz), 5.82 (s, 2H, 2'), 4.55 (t, 2H, 5', J 

= 6.0 Hz), 3.86 (s, 3H, 1'), 3.69 (q, 

2H, 6', J = 5.9 Hz), 2.99 (s, 3H, 13) 

154.25 (8'), 152.03 (15'), 150.24 (2), 

149.13 (14'), 144.47 (8), 142.30 (9), 

137.69 (7), 136.38 (12'), 135.39 (3'), 

134.08 (11), 128.37 (4), 127.74 (13'), 

124.86 (10'), 124.32 (4'), 123.86 (11'), 

121.64 (5), 118.27 (6), 117.79 (9'), 

113.50 (1), 111.98 (12), 103.96 (3), 

99.22 (16'), 56.14 (1'), 48.35 (2'), 

42.76 (5'/6'), 23.68 (13) 

42 

3207, 2969, 1610, 1577, 

1488, 1448, 1404, 1281, 

1241, 1194, 1139, 1047, 990, 

908, 880, 820, 807, 666, 639, 

622 

8.31 (d, 1H, 7, J = 5.4 Hz), 8.17 (d, 

1H, 17', J = 5.2 Hz), 8.04 (d, 1H, 12', J 

= 9.1 Hz), 7.96 (d, 1H, 6, J = 5.2 Hz), 

7.93 (s, 1H, 6'), 7.79 (d, 1H, 3, J = 2.2 

Hz), 7.77 (d, 1H, 15', J = 2.5 Hz), 7.61 

(d, 1H, 12, J = 9.0 Hz), 7.43 (dd, 1H, 

13', J = 9.0, 2.2 Hz), 7.40 (d, 1H, 18', J 

= 5.7 Hz), 7.14 (dd, 1H, 3, J = 8.9, 2.5 

Hz), 6.44 (d, 1H, 9', J = 5.5 Hz), 5.81 

(s, 2H, 4'), 4.55 (t, 2H, 7', J = 6.0 Hz), 

4.02 (t, 2H, 1', J = 6.5 Hz), 3.69 (q, 

3H, 8', J = 5.9 Hz), 2.99 (s, 3H, 13), 

1.79 (h, 2H, 2', J = 7.3 Hz), 1.03 (t, 

3H, 3', J = 7.4 Hz) 

153.61 (10'), 150.26 (17'), 149.11 (2), 

144.47 (16'), 142.25 (8), 137.68 (9), 

136.35 (7), 135.40 (14'), 134.09 (1), 

128.40 (5'), 127.73 (4), 124.86 (15'), 

124.33 (12'), 123.87 (6'), 121.69 (13'), 

118.64 (5), 117.79 (6), 113.53 (1), 

111.91 (12), 104.91 (3), 99.22 (18'), 

70.17 (1'), 48.37 (4'), 42.77 (7'/8'), 

23.67 (2'), 22.71 (13), 11.01 (3') 

43 

2969, 1612, 1579, 1450, 

1370, 1326, 1197, 1141, 

1047, 875, 806, 744 

δ 8.32 (d, 1H, 7, J = 6.96 Hz), 8.30 (d, 

1H, 14', J = 5.1 Hz), 8.23 (d, 1H, 9', J 

= 7.8 Hz), 8.05 (d, 1H, 3, J = 9.0 Hz), 

8.00 (d, 1H, 6, J = 5.1 Hz), 7.93 (s, 

1H, 3'), 7.80 (d, 1H, 12', J = 1.7 Hz), 

7.70 (d, 1H, 12, J = 8.4 Hz), 7.55 – 

7.49 (m, 1H, 1), 7.42 (dd, 2H, 10', J = 

8.9, 2.1 Hz), 7.32 – 7.24 (m, 1H, 2), 

6.44 (d, 1H, 15', J = 5.4 Hz), 5.82 (s, 

2H, 1'), 4.55 (t, 2H, 4', J = 6.0 Hz), 

3.70 (q, 2H, 13, J = 5.9 Hz), 3.35 (q, 

2H, 5', J = 7.4 Hz), 1.30 (t, 2H, 14, J = 

7.4 Hz) 

151.96 (14'), 150.28 (7'), 149.07 (13'), 

146.77 (8), 144.26 (7), 141.52 (11'), 

138.39 (2'), 134.29 (4), 134.10 (12'), 

128.95 (9), 128.61 (12'), 127.69 (9), 

124.88 (3'), 124.33 (3), 123.87 (2), 

121.84 (1), 121.39 (8'), 120.28 (10'), 

117.79 (5), 113.25 (6), 111.03 (12), 

99.22 (15'), 48.37 (1'), 42.76 (4'), 

40.67 (5'), 28.29 (13), 13.60 (14) 

44 

2964, 1611, 1581, 1452, 

1368, 1324, 1196, 1142, 

1047, 875, 738 

8.31 (d, 1H, 14', J = 4.8 Hz), 8.29 (d, 

1H, 7, J = 5.0 Hz), 8.23 (d, 1H, 9', J = 

7.7 Hz), 8.04 (d, 1H, 3, J = 9.0 Hz), 

8.00 (d, 1H, 6, J = 5.0 Hz), 7.91 (s, 

1H, 3'), 7.79 (d, 1H, 12', J = 2.3 Hz), 

151.51 (14'), 149.62 (7'), 148.63 (13'), 

145.25 (8), 143.66 (11), 141.00 (9), 

137.82 (7), 133.80 (11'), 133.45 (2'), 

128.57 (4), 128.07 (12'), 127.23 (9'), 

124.25 (3'), 123.70 (10'), 123.24 (1), 



7.70 (d, 1H, 12, J = 8.3 Hz), 7.52 (t, 

1H, J = 7.6 Hz, 10'), 7.45 – 7.39 (m, 

1H, 2), 7.38 (t, 1H, 6', J = 5.8 Hz), 

7.27 (t, 1H, 1, J = 7.4 Hz), 6.44 (d, 

1H, 15', J = 5.3 Hz), 5.80 (s, 1H, 1'), 

4.55 (t, 2H, 4', J = 5.7 Hz), 3.69 (q, 

1H, 5', J = 5.9 Hz), 3.26 (t, 2H, 13, J = 

7.62 Hz), 1.77 (h, 2H, 14, J = 7.2 Hz), 

0.93 (t, 2H, 15, J = 7.3 Hz) 

121.26 (3'), 120.80 (8'), 119.71 (2), 

117.22 (5), 112.65 (6), 110.44 (12), 

98.64 (15'), 47.77 (1'), 42.19 (4'), 

40.09 (5'), 36.65 (13), 22.05 (14), 

13.79 (15) 

45 

2963, 1582, 1450, 1328, 

1219, 1198, 1086, 1039, 872, 

798, 739 

8.33 (d, 1H, 14', J = 5.0 Hz), 8.24 (d, 

1H, 7'/9', J = 7.8 Hz), 8.03 (d, 1H, 3, J 

= 9.0 Hz), 8.00 (d, 1H, 6, J = 5.1 Hz), 

7.90 (s, 1H, 3'), 7.79 (s, 1H, 12'), 7.70 

(d, 1H, 12, J = 8.4 Hz), 7.53 (ddd, 

1H, 1, J = 8.3, 7.0, 1.2 Hz), 7.40 (dd, 

1H, 2, J = 8.9, 1.3 Hz), 7.33 (t, 1H, 7', 

J = 5.5 Hz), 7.27 (t, 1H, 10', J = 7.4 

Hz), 6.44 (d, 1H, 15', J = 4.9 Hz), 5.82 

(s, 2H, 1'), 4.56 (t, 2H, 4', J = 6.0 Hz), 

3.96 – 3.91 (m, 1H, 13), 3.68 (q, 2H, 

5', 14, J = 5.9 Hz), 3.17 (d, 1H, 14, J = 

5.3 Hz), 1.25 (d, 5H, 14, J = 6.6 Hz) 

150.23 (8), 149.45 (7'), 143.64 (13'), 

141.21 (9/11), 137.91 (7), 133.32 

(11'), 132.73 (2'), 128.87 (4), 128.10 

(12'), 124.18 (9'), 123.72 (3'), 123.19 

(10), 121.18 (10'), 120.80 (8'), 121.18 

(1/3), 119.70 (2), 112.46 (12), 110.37 

(6), 47.74 (1'), 42.22 (4'), 40.53 (5'), 

30.48 (13), 22.45 (14) 

    

 

  



2. IR, MS and NMR spectra of compounds 6-17, 20-26 and 30-45 

 

 

 



 

 
  



 

 

 

 



 
 

 

 

 



 

 



 
 

 

 

 

 



 

 
 

 

 

 



 

 

 

 



 
 

 

 

 



 

 



 
 

 

 

 



 

 



 
 

 

 

 

 



 

 
 

 

 



 

 

 

 



 



 

 

 

 



 
 

 

 

 

 



 

 
 

 

 



 

 

 



 
 

 

 

 



 

 

 



 

 

 

 



 
 

 

 

 

 



 

 
 

 

 

 

 



 

 

 

 



 
 

 

 

 

 



 

 
 

 

 



 

 

 



 
 

 

 

 



 

 
 

 

 

 

 



 

 

 

 



 
 

 

 

 

 



 

 
 

 

 

 

 



 

 

 

 



 
 

 

 

 



 
 

 

 



 

 

 



 

 



 

 

 

 

 



 

 



 

 

 

 



 

 

 



 

 

 



 

 

 

 



 

 

 

 



 

 

 



 

 

 



 

 

 

 



 

 

 



 

 

 



 

 

 

 



 

 

 



 

 

 



 

 

 

 



 

 
 

 

  



3. Physico-chemical properties – spectroscopic experiments 

3.1. Solubility 

3.2. UV/Vis spectra 

3.3. Fluorescence spectra 

 

4. Study of interactions with double-stranded (ds-) DNA/RNA and HSA 

4.1. Fluorescence titration experiments 

4.2. Circular dichroism (CD) experiments 

4.3. Thermal denaturation experiments  

 

 



3. Physico-chemical properties  

3.1. Solubility 

Compounds (34 and 39) were dissolved in DMSO (c = 1  10-3 M). 

3.2. UV/Vis spectra 
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Figure S1. Dependence of the absorbance on the concentration of compound 34 (concentration range 5 × 10-6 ‒ 2.5 × 10-5 M). Measured 

in sodium cacodylate buffer, pH 7, I = 0.05 M. 
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Figure S2. Dependence of the absorbance on the concentration of compound 39 (concentration range 5 × 10-6 ‒ 2.5 × 10-5 M). Measured 

in sodium cacodylate buffer, pH 7, I = 0.05 M. 



3.3. Fluorescence spectra 
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Figure S3. Dependence of the emission on the concentration of compound 34 (concentration range 5 × 10-7 ‒ 2 × 10-6 M). Measured in 

sodium cacodylate buffer, pH 7, I = 0.05 M, λexc = 325 nm. 
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Figure S4. Dependence of the emission on the concentration of compound 39 (concentration range 5 × 10-7 ‒ 2 × 10-6 M). Measured in 

sodium cacodylate buffer, pH 7, I = 0.05 M, λexc = 329 nm. 



4. Study of interactions with double-stranded (ds-) DNA/RNA (ctDNA, pApU, p(dA-dT)2 and p(dG-dC)2), and HAS 

in buffered solution (sodium cacodylate, pH = 7, I = 0.05 M) 

Table S13. Structural properties of studied ds-DNA and ds-RNA.1,2 

Structure type Groove width [Å] Groove depth [Å] 

major minor major minor 

[a] poly rA – poly rU 3.8 10.9 13.5 2.8 

[b] ct-DNA (48% of GC-pairs) 11.4 3.3 7.5 7.9 

[b] poly dAdT – poly dAdT 11.2 6.3 8.5 7.5 

[c] poly dGdC – poly dGdC 13.5 9.5 10.0 7.2 

[a] A - helical structure  

[b] B - helical structure  

[c] B - helical structure with sterically blocked minor groove by amino groups of guanines 

4.1. Fluorescence titration experiments 
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Figure S5. a) Changes in the fluorescence spectrum of 34 (c = 5  10-6 M, exc = 325 nm) upon titration with ctDNA (c = 5  10-6 ‒ 4.1  

10-5 M), slit: 5-10; b) Dependence of 34 emission at max = 428 nm on c(ctDNA), at pH 7.0, sodium cacodylate buffer, I = 0.05 M. 
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Figure S6. a) Changes in the fluorescence spectrum of 39 (c = 5  10-6 M, exc = 329 nm) upon titration with ctDNA (c = 5  10-6 ‒ 1.5  

10-4 M), slit: 5-5; b) Dependence of 39 emission at max = 422 nm on c(ctDNA), at pH 7.0, sodium cacodylate buffer, I = 0.05 M. 
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Figure S7. a) Changes in the fluorescence spectrum of 34 (c = 5  10-6 M, exc = 325 nm) upon titration with poly A – poly U (c = 5  10-

6 ‒ 2  10-4 M), slit: 5-5; b) Dependence of 34 emission at max = 428 nm on c(pApU), at pH 7.0, sodium cacodylate buffer, I = 0.05 M. 
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Figure S8. a) Changes in the fluorescence spectrum of 39 (c = 5  10-6 M, exc = 329 nm) upon titration with poly A – poly U (c = 5  10-

6 ‒ 9  10-5 M), slit: 5-5; b) Dependence of 39 emission at max = 422 nm on c(pApU), at pH 7.0, sodium cacodylate buffer, I = 0.05 M. 
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Figure S9. a) Changes in the fluorescence spectrum of 34 (c = 5  10-6 M, exc = 325 nm) upon titration with poly (dAdT) – poly (dAdT) 

(c = 5  10-6 ‒ 1.8  10-4 M), slit: 5-5; b) Dependence of 34 emission at max = 428 nm on c(p(dA-dT)2), at pH 7.0, sodium cacodylate 

buffer, I = 0.05 M. 
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Figure S10. a) Changes in the fluorescence spectrum of 39 (c = 5  10-6 M, exc = 329 nm) upon titration with poly (dAdT) – poly 

(dAdT) (c = 5  10-6 ‒ 9.2  10-5 M), slit: 5-5; b) Dependence of 39 emission at max = 422 nm on c(p(dA-dT)2), at pH 7.0, sodium cacodylate 

buffer, I = 0.05 M. 
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Figure S11. a) Changes in the fluorescence spectrum of 34 (c = 5  10-6 M, exc = 325 nm) upon titration with poly (dGdC) – poly 

(dGdC) (c = 5  10-6 ‒ 2.5  10-4 M), slit: 5-10; b) Dependence of 34 emission at max = 428 nm on c(p(dG-dC)2), at pH 7.0, sodium 

cacodylate buffer, I = 0.05 M. 
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Figure S12. a) Changes in the fluorescence spectrum of 39 (c = 5  10-6 M, exc = 329 nm) upon titration with poly (dGdC) – poly 

(dGdC) (c = 5  10-6 ‒ 2.4  10-4 M), slit: 5-5; b) Dependence of 39 emission at max = 422 nm on c(p(dG-dC)2), at pH 7.0, sodium 

cacodylate buffer, I = 0.05 M. 
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Figure S13. a) Changes in the fluorescence spectrum of 34 (c = 5  10-6 M, exc= 325 nm) upon titration with HSA (c = 5  10-6 ‒ 1.5  

10-4 M), slit: 5-5; b) Dependence of 34 emission at max = 360 nm on c(HSA); c) Changes in the fluorescence spectrum of 39 (c = 5  10-6 

M, exc= 329 nm) upon titration with HSA (c = 5  10-6 ‒ 1.8  10-4 M), slit: 5-5; d) Dependence of 39 emission at max = 360 and 422 nm 

on c(HSA), at pH 7.0, sodium cacodylate buffer, I = 0.05 M. 



4.2. Circular dichroism (CD) experiments 

So far, non-covalent interactions at 25 oC were studied by monitoring the spectroscopic properties of the studied 

compound upon the addition of the polynucleotides. To get insight into the changes in polynucleotide properties 

induced by small molecule binding, we have chosen CD spectroscopy as highly sensitive method toward 

conformational changes in the secondary structure of polynucleotides.3 In addition, achiral small molecules can 

eventually acquire induced CD spectrum (ICD) upon binding to polynucleotides, which could give useful information 

about modes of interaction.3 It should be noted that studied compounds are achiral and therefore do not possess intrinsic 

CD spectrum. 
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Figure S14. CD titration of ctDNA (c = 2  10-5 M), poly A – poly U (c = 2  10-5 M) with 34 at molar ratio r = [compound] / 

[polynucleotide] (pH 7.0, buffer sodium cacodylate, I = 0.05 M). 
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Figure S15. CD titration of ctDNA (c = 3  10-5 M) and poly A – poly U (c = 2  10-5 M), with 39 at molar ratio r = [compound] / 

[polynucleotide] (pH 7.0, buffer sodium cacodylate, I = 0.05 M). 



4.3. Thermal denaturation experiments 

It is well known that upon heating ds-helices of polynucleotides at well-defined temperature (Tm value) dissociate into 

two single-stranded polynucleotides. Non-covalent binding of small molecules to ds-polynucleotides usually has a 

certain effect on the thermal stability of helices thus giving different Tm values. The difference between the Tm value of 

free polynucleotide and the complex with a small molecule (Tm value) is an important factor in the characterization of 

small molecule/ds-polynucleotide interactions. 
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Figure S16. a) Denaturation of ctDNA upon addition of r = 0.3 ([compound/ [polynucleotide]) of 34 at pH 7.0 (buffer sodium cacodylate, I 

= 0.05 M), red lines denote fitting of experimental data to sigmoidal eq. by Origin 7.5; b) The first derivation of absorbance (fitted to 

sigmoidal eq.) on temperature dependence. 
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Figure S17. a) Denaturation of pApU upon addition of r = 0.3 ([compound/ [polynucleotide]) of 34 at pH 7.0 (buffer sodium cacodylate, I = 

0.05 M), red lines denote fitting of experimental data to sigmoidal eq. by Origin 7.5; b) The first derivation of absorbance (fitted to sigmoidal 

eq.) on temperature dependence. 
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Figure S18. a) Denaturation of ctDNA upon addition of r = 0.3 ([compound/ [polynucleotide]) of 39 at pH 7.0 (buffer sodium cacodylate, I 

= 0.05 M), red lines denote fitting of experimental data to sigmoidal eq. by Origin 7.5; b) The first derivation of absorbance (fitted to 

sigmoidal eq.) on temperature dependence. 
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Figure S19. a) Denaturation of pApU upon addition of r = 0.3 ([compound/ [polynucleotide]) of 39 at pH 7.0 (buffer sodium 

cacodylate, I = 0.05 M), b) The first derivation of absorbance on temperature dependence. 
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