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General Procedures for the Synthesis of Alkynes  

 

General procedure A for the synthesis of alkynes 5a-14a (series a) 

To a solution of the corresponding secondary amine (2 equiv) in dry THF (1.5 M), K2CO3 (2.5 equiv) 
and propargyl bromide (1 equiv) were added. The reaction mixture was stirred at 25 °C for 12 h under 
nitrogen, then was diluted with water and extracted with EtOAc (x2). The combined organic layers 
were washed with brine (x1), dried over anhydrous sodium sulfate and concentrated in vacuo to obtain 
the corresponding products (Scheme S1). 

 

 
Scheme S1. General procedure for the synthesis of alkynes 5a-14a. 

 

1-(prop-2-yn-1-yl)piperidine (5a) 

The title compound was prepared from piperidine according to general procedure A and was used in 
the next step without further purification. Light brown oil: yield 68%; IR (KBr) 3114, 1671, 1608, 
1392, 1370, 1276, 1245, 1134, 1075, 847, 584 cm-1; 1H-NMR (300 MHz, CDCl3) d 3.21 (d, J = 1.83 
Hz, 2-H) 2.46 (t, J = 4.9 Hz, 4-H), 2.19 (t, J = 1.8 Hz, 1-H), 1.58 (quint, J = 5.5, 4-H), 1.39 (quint, J 
= 4.9 Hz, 2-H) ppm; 13C-NMR (75 MHz, CDCl3) d 79.4, 72.9, 53.2, 47.7, 26.0, 24.0 ppm. The 
spectral data were consistent with those reported previously [1]. 

1-(prop-2-yn-1-yl)pyrrolidine (6a) 

The title compound was prepared from pyrrolidine according to general procedure A and was used 
in the next step without further purification. Light brown oil: yield 26%; IR (KBr) 3302, 3200, 2968, 
2791, 1661, 1432, 1127, 651 cm-1; 1H-NMR (300 MHz, CDCl3) d 3.32 (d, J = 2.5 Hz, 2-H), 2.54-
2.50 (m, 4-H), 2.13 (t, J = 2.5, Hz, 1-H), 1.73-1.70 (m, 4-H) ppm; 13C-NMR (75 MHz, CDCl3) d 
79.5, 72.2, 52.3, 42.8, 23.7 ppm. The spectral data were consistent with those reported previously [1]. 

methyl-4-(prop-2-yn-1-yl)piperazine (7a) 

The title compound was prepared from N-methylpiperazine according to general procedure A and 
was used in the next step without further purification. Yellow oil: yield 53%; IR (KBr) 3292, 3187, 
2936, 2797, 1674, 1456, 1283, 1163, 1013, 819  cm-1; 1H-NMR (300 MHz, CDCl3) d 3.24 (d, J = 2.5 
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Hz, 2-H), 2.56 (br s, 4-H), 2.43 (br s, 4-H), 2.23 (br s, 3-H), 2.19 (t, J = 2.5 Hz, 1-H) ppm; 13C-NMR 
(75 MHz, CDCl3) d 78.6, 73.1, 54.8, 51.7, 46.7, 45.9 ppm. The spectral data were consistent with 
those reported previously [1]. 

1-isopropyl-4-(prop-2-yn-1-yl)piperazine (8a) 

The title compound was prepared from N-isopropylpiperazine according to general procedure A and 
was used in the next step without further purification. Yellow oil: yield 87%; IR (KBr) 3306, 3207, 
2965, 2813, 1672, 1611, 1453, 1332, 1178, 1012 cm-1; 1H-NMR (300 MHz, CDCl3) d 3.08 (br s, 2-
H), 2.40 (br s, 9-H), 2.07 (s, 1-H), 0.84 (br s, 6-H) ppm; 13C-NMR (75 MHz, CDCl3) d 78.7, 72.9, 
54.1, 52.1, 48.2, 46.6, 18.4 ppm. 

4-(prop-2-yn-1-yl)morpholine (9a) 

The title compound was prepared from morpholine according to general procedure A and was used 
in the next step without further purification. Yellow oil: yield 42%; IR (KBr) 3289, 2962, 2857, 1677, 
1453, 1290, 1116, 1006, 861 cm-1; 1H-NMR (300 MHz, CDCl3) d 3.66-3.61 (m, 4-H), 3.21-3.15 (m, 
2-H), 2.49-2.44 (m, 4-H), 2.19 (d, J = 1.8 Hz, 1-H) ppm; 13C-NMR (75 MHz, CDCl3) d  78.4, 73.4, 
66.7, 52.1, 47.1 ppm. The spectral data were consistent with those reported previously [1]. 

1-(prop-2-yn-1-yl)piperidin-4-ol (10a) 

The title compound was prepared from 4-hydroxypiperidine according to general procedure A and 
was used in the next step without further purification. Yellow solid: yield 89%; mp 103-104 °C; IR 
(KBr) 3197, 2942, 2794, 2113, 1450, 1329, 1070, 1022, 783  cm-1; 1H-NMR (300 MHz, CDCl3) d 
3.62-3.58 (m, 1-H), 3.24 (d, J = 2.5 Hz, 2-H), 2.88 (br s, 1-H), 2.76-2.72 (m, 2-H), 2.33-2.26 (m, 2-
H), 2.21 (t, J = 2.5 Hz, 1-H), 1.88-1.84 (m, 2-H), 1.61-1.57 (m, 2-H) ppm; 13C-NMR (75 MHz, 
CDCl3) d 78.8, 73.3, 67.2, 49.9, 46.9, 34.3 ppm. The spectral data were consistent with those reported 
previously [2]. 

propargyl alcohol (11a) and 1-dimethylamino-2-propyne (12a) were commercially available. 

2,2'-(prop-2-yn-1-ylazanediyl)bis(ethan-1-ol) (13a) 

The compound was prepared as described previously [3]. 

1-(methylsulfonyl)-4-(prop-2-yn-1-yl)piperazine (14a) 

The title compound was prepared from 1-methylsulfonyl-piperazine according to general procedure 
A and the crude was purified by column chromatography using EtOAc/MeOH 9:1 + 1% conc. 
NH4OH as eluant. Yellow oil: yield 42%; IR (KBr) 3289, 2962, 2857, 1677, 1453, 1290, 1116, 1006, 
861 cm-1; 1H-NMR (300 MHz, CDCl3) d 3.66-3.61 (m, 4-H), 3.21-3.15 (m, 2-H), 2.49-2.44 (m, 4-
H), 2.19 (d, J = 1.8 Hz, 1-H) ppm; 13C-NMR (75 MHz, CDCl3) d  78.4, 73.4, 66.7, 52.1, 47.1 ppm. 

 

 

General procedure B for the synthesis of alkynes 5b-11b (series b) 

To a solution of the corresponding secondary amine (2 equiv) in dry THF (1.5 M), K2CO3 (2.5 equiv) 
and 4-bromo-1-butyne (1 equiv) were added. The reaction mixture was stirred at reflux overnight 
under nitrogen, then was diluted with water and extracted with EtOAc (x3). The combined organic 
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layers were washed with brine (x1), dried over anhydrous sodium sulfate and concentrated in vacuo 
to obtain the corresponding products (Scheme S2). 

 

 
Scheme S2. General procedure for the synthesis of alkynes 5b-11b. 

 

1-(but-3-yn-1-yl)piperidine (5b) 

The title compound was prepared from piperidine according to general procedure B and was used in 
the next step without further purification. Orange oil: yield 51%; 1H-NMR (300 MHz, CDCl3) d 2.53 
(td, J=8.0/2.1 Hz, 2-H), 2.37-2.32 (m, 6-H), 1.93 (t, J=2.5 Hz, 1-H), 1.60-1.48 (m, 4-H), 1.40-1.38 
(m, 2-H) ppm; 13C-NMR (75 MHz, CDCl3) d  82.6, 68.7, 57.6, 53.9, 25.6, 24.0, 16.4 ppm. The 
spectral data were consistent with those reported previously [4]. 

1-(but-3-yn-1-yl)pyrrolidine (6b) 

The title compound was prepared from pyrrolidine according to general procedure B and was used in 
the next step without further purification. Yellow oil: yield 20%; 1H-NMR (300 MHz, CDCl3) d 2.63 
(td, J=7.6/2.2 Hz, 2-H), 2.50 (br s, 4-H), 2.40-2.36 (m, 2-H), 1.95 (t, J = 2.6 Hz, 1-H), 1.77-1.74 (m, 
4-H) ppm; 13C-NMR (75 MHz, CDCl3) d  82.3, 68.6, 54.6, 53.6, 23.1, 18.4 ppm. The spectral data 
were consistent with those reported previously [4]. 

1-(but-3-yn-1-yl)-4-methylpiperazine (7b) 

The title compound was prepared from N-methylpiperazine according to general procedure B and the 
crude was purified by column chromatography using EtOAc/CH3OH 5:5 as eluant. Yellow oil: yield 
34%; 1H-NMR (300 MHz, CDCl3) d 2.34-2.06 (m, 12-H), 2.00 (br s, 3-H), 1.75 (t, J = 2.5 Hz, 1-H) 
ppm; 13C-NMR (75 MHz, CDCl3) d  82.8, 68.9, 56.5, 54.5, 52.3, 45.6, 16.3 ppm. The spectral data 
were consistent with those reported previously [4]. 

1-(but-3-yn-1-yl)-4-isopropylpiperazine (8b) 

The title compound was prepared from N-isopropylpiperazine according to general procedure B and 
the crude was purified by column chromatography using EtOAc/CH3OH 95:5 as eluant. Yellow oil: 
yield 60%; 1H-NMR (300 MHz, CDCl3) d 2.49-2.35 (m, 11-H), 2.18 (td, J= 6.4/1.8 Hz, 2-H), 1.81 
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(t, J= 2.5 Hz,  1-H), 0.85 (dd, J = 6.4/2.2 Hz, 6-H) ppm; 13C-NMR (75 MHz, CDCl3) d  82.4, 68.9, 
56.8, 54.1, 52.9, 48.3, 18.4, 16.4 ppm. 

4-(but-3-yn-1-yl)morpholine (9b) 

The title compound was prepared from morpholine according to general procedure B and was used 
in the next step without further purification. Yellow oil; yield 58%; IR (neat) 3291, 2951, 2855, 2811, 
2118, 1458, 1277, 1138, 1114, 1070, 1006, 866, 632, cm-1; 1H-NMR (300 MHz, CDCl3) δ 3.57-3.56 
(m, 4-H), 2.46-2.24 (m, 8-H), 1.88 (s, 1-H) ppm; 13C-NMR (75 MHz, CDCl3) δ 82.4, 69.1, 66.7, 
57.2, 53.3, 16.5 ppm. The spectral data were consistent with those reported previously [4]. 

1-(but-3-yn-1-yl)piperidin-4-ol (10b) 

The title compound was prepared from 4-hydroxypiperidine according to general procedure B and 
was extracted with EtOAc (x5). It was used in the next step without further purification. Yellow oil; 
yield 18%; IR (neat) 3290, 2939, 2815, 2117, 1454, 1366, 1283, 1115, 1067, 632, cm-1; 1H-NMR 
(300 MHz, CDCl3) δ 3.69-3.63 (m, 1-H), 2.79-2.76 (m, 2-H), 2.60-2.33 (m, 5-H), 2.22-2.15 (m, 2-
H), 1.97 (s, 1-H), 1.89-1.85 (m, 2-H), 1.61-1.55 (m, 2-H) ppm; 13C-NMR (75 MHz, CDCl3) δ 83.1, 
69.2, 67.7, 57.0, 50.9, 34.4, 17.0 ppm. 

3-butyn-1-ol (11b) was commercially available. 

 

 

General procedure C for the synthesis of alkynes 5c-11c (series c) 

A stirred mixture of pent-4-yn-1-yl 4-methylbenzenesulfonate (1.2 equiv) prepared as described 
previously [5]. K2CO3 (2 equiv) and the corresponding secondary amine (1 equiv) in DMF (0.5 M) 
was heated at 80 °C for 3 h under nitrogen. Then the reaction mixture was diluted with water and 
extracted with EtOAc (x3). The combined organic layers were washed with brine (x2), dried over 
anhydrous sodium sulfate and concentrated in vacuo to obtain the corresponding products (Scheme 
S3). 

 

 
Scheme S3. General procedure for the synthesis of alkynes 5c-11c. 
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1-(pent-4-yn-1-yl)piperidine (5c) 

The title compound was prepared from piperidine according to general procedure C and was used in 
the next step without further purification. Orange oil: yield 86%; 1H-NMR (300 MHz, CDCl3) d 2.25-
2.21 (m, 6-H), 2.06 (td, J =7.0/2.7 Hz, 2-H), 1.80 (t, J =2.7 Hz, 1-H), 1.56 (quint, J = 7.3 Hz, 2-H), 
1.47-1.41 (m, 4-H), 1.30-1.28 (m, 2-H) ppm; 13C-NMR (75 MHz, CDCl3) d  84.0, 68.2, 58.0, 54.4, 
25.9, 25.7, 24.3, 16.4 ppm. The spectral data were consistent with those reported previously [6]. 

1-(pent-4-yn-1-yl)pyrrolidine (6c) 

The title compound was prepared from pyrrolidine according to general procedure C and was used in 
the next step without further purification. Brown oil: yield 74%; 1H-NMR (300 MHz, CDCl3) d 2.48-
2.42 (m, 6-H), 2.17 (quint, J =6.7 Hz, 2-H), 1.88 (t, J =2.7 Hz, 1-H), 1.70-1.62 (m, 6-H) ppm; 13C-
NMR (75 MHz, CDCl3) d 84.2, 68.4, 55.3, 54.1, 27.9, 23.4, 16.6 ppm. The spectral data were 
consistent with those reported previously [6]. 

1-methyl-4-(pent-4-yn-1-yl)piperazine (7c) 

The title compound was prepared from N-methylpiperazine according to general procedure C and 
was used in the next step without further purification. Orange oil; yield 68%; 1H-NMR (300 MHz, 
CDCl3) d 2.20-2.16 (m, 10-H), 2.04-1.95 (m, 5-H), 1.74 (t, J =2.7 Hz, 1-H), 1.46 (quint, J =7.3 Hz, 
2-H) ppm; 13C-NMR (75 MHz, CDCl3) d 83.8, 68.2, 56.9, 54.8, 52.9, 45.8, 25.5, 16.1 ppm. 

1-isopropyl-4-(pent-4-yn-1-yl)piperazine (8c) 

The title compound was prepared from N-isopropylpiperazine according to general procedure C and 
was used in the next step without further purification. Orange oil; yield 85%; 1H-NMR (300 MHz, 
CDCl3) d 2.39-2.09 (m, 11-H), 1.92 (td, J =6.7/2.4 Hz, 2-H), 1.68 (t, J =2.4 Hz, 1-H), 0.74 (br d, 6-
H) ppm; 13C-NMR (75 MHz, CDCl3) d  83.6, 68.1, 56.9, 53.9, 53.1, 48.2, 25.3, 18.2, 15.9 ppm. 

4-(pent-4-yn-1-yl)morpholine (9c) 

The title compound was prepared from morpholine according to general procedure C and was used 
in the next step without further purification. Orange oil; yield 60%; IR (neat) 3292, 2952, 2854, 2809, 
2117, 1456, 1268, 1137, 1115, 1010, 866, 629 cm-1; 1H-NMR (300 MHz, CDCl3) δ 3.64 (br s, 4-H), 
2.38 (br d, 6-H), 2.21-2.17 (m, 2-H), 1.89 (s, 1-H), 1.65 (quint, J = 7.0 Hz, 2H) ppm; 13C-NMR (75 
MHz, CDCl3) δ 84.2, 68.5, 67.1, 57.7, 53.8, 25.6, 16.4 ppm. 

1-(pent-4-yn-1-yl)piperidin-4-ol (10c) 

The title compound was prepared from 4-hydroxypiperidine according to general procedure C and 
was extracted with EtOAc (x5). The crude was purified by column chromatography using 
EtOAc/MeOH 8:2 as eluant. Yellow solid; yield 41%; mp 86-89 °C; IR (KBr) 3187, 2922, 2803, 
2772, 1428, 1360, 1241, 1187, 1136, 1079, 746, 723, cm-1; 1H-NMR (300 MHz, CDCl3) δ 3.63-3.58 
(m, 1-H), 2.73-2.69 (m, 2-H), 2.36 (t, J = 7.1 Hz, 2-H), 2.18-2.04 (m, 4-H), 1.90 (s, 1-H), 1.84-1.80 
(m, 2-H), 1.70-1.50 (m, 4-H) ppm; 13C-NMR (75 MHz, CDCl3) δ 84.2, 68.6, 67.7, 57.3, 51.2, 34.4, 
26.0, 16.5 ppm; MS (ESI) m/z 168 [M+H]+. 

4-pentyn-1-ol (11c) was commercially available. 
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General procedure D for the synthesis of alkynes 5d-11d (series d) 

A stirred mixture of hex-5-yn-1-yl 4-methylbenzenesulfonate (1.2 equiv) prepared as described 
previously [5]. K2CO3 (2 equiv) and the corresponding secondary amine (1 equiv) in DMF (0.5 M) 
was heated at 80 °C for 3 h under nitrogen. Then the reaction mixture was diluted with water and 
extracted with EtOAc (x3). The combined organic layers were washed with brine (x2), dried over 
anhydrous sodium sulfate and concentrated in vacuo to obtain the corresponding products (Scheme 
S4). 

 

 
Scheme S4. General procedure for the synthesis of alkynes 5d-11d. 

 

1-(hex-5-yn-1-yl)piperidine (5d) 

The title compound was prepared from piperidine according to general procedure D and was used in 
the next step without further purification. Orange oil; quantitative yield; IR (neat) 3309, 2933, 2855, 
2764, 2117, 1681, 1442, 1154, 1121, 1089, 624, cm-1; 1H-NMR (300 MHz, CDCl3) δ 2.15-1.98 (m, 
8-H), 1.76 (s, 1-H), 1.37-1.22 (m, 10-H) ppm; 13C-NMR (75 MHz, CDCl3) δ 84.0, 68.2, 58.6, 54.3, 
26.4, 25.7, 24.2, 18.1 ppm; MS (ESI) m/z 166 [M+H]+. 

1-(hex-5-yn-1-yl)pyrrolidine (6d) 

The title compound was prepared from pyrrolidine according to general procedure D. Considering 
the volatility of the product, diethyl ether was used as the extraction solvent, which was evaporated 
under vacuum at a temperature not exceeding 40 °C. The compound was used in the next step without 
further purification. Yellow oil: quantitative yield; IR (neat) 3308, 2937, 2875, 2787, 2117, 1699, 
1457, 1429, 1154, 1126, 624, 549, cm-1; 1H-NMR (300 MHz, CDCl3) δ 2.30-2.23 (m, 6-H), 2.04 (br 
s, 2-H), 1.77 (s, 1-H), 1.59-1.58 (m, 2-H), 1.45-1.43 (m, 2-H) ppm; 13C-NMR (75 MHz, CDCl3) δ 
84.0, 68.3, 55.8, 54.0, 28.0, 26.5, 23.2, 18.2 ppm; MS (ESI) m/z 152 [M+H]+. 

1-(hex-5-yn-1-yl)-4-methylpiperazine (7d) 

The title compound was prepared from N-methylpiperazine according to general procedure D. The 
crude was purified by column chromatography using EtOAc/MeOH 8:2 as eluant. Yellow oil: yield 
35%; IR (neat) 3307, 2936, 2793, 1701, 1458, 1284, 1237, 1162, 1147, 1014, 626, cm-1; 1H-NMR 
(300 MHz, CDCl3) δ 2.30 (br s, 6-H), 2.22-2.17 (m, 3-H), 2.14-2.05 (m, 6-H), 1.80 (br s, 1-H), 1.47-
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1.37 (m, 4-H) ppm; 13C-NMR (75 MHz, CDCl3) δ 84.1, 68.4, 57.9, 55.0, 53.1, 45.9, 26.3, 25.8, 18.2 
ppm; MS (ESI) m/z 181 [M+H]+. 

1-(hex-5-yn-1-yl)-4-isopropylpiperazine (8d) 

The title compound was prepared from N-isopropylpiperazine according to general procedure D and 
was purified by column chromatography using EtOAc/MeOH 7:3 as eluant. Yellow oil: yield: 62%; 
IR (neat) 3310, 2938, 2809, 2117, 1702, 1455, 1361, 1245, 1177, 1132, 983, 625, cm-1; 1H-NMR 
(300 MHz, CDCl3) δ 2.52-2.40 (m, 9-H), 2.19-2.17 (m, 2-H), 2.08-2.06 (m, 2-H), 1.80 (s, 1-H), 1.42-
1.39 (m, 4-H), 0.91-0.89 (m, 6-H) ppm; 13C-NMR (75 MHz, CDCl3) δ 84.1, 68.3, 58.0, 54.3, 53.4, 
48.5, 26.4, 25.8, 18.5, 18.2 ppm; MS (ESI) m/z 209 [M+H]+. 

4-(hex-5-yn-1-yl)morpholine (9d) 

The title compound was prepared from morpholine according to general procedure D. Considering 
the volatility of the product, diethyl ether was used as the extraction solvent, which was evaporated 
under vacuum at a temperature not exceeding 40 °C. The compound was used in the next step without 
further purification. Yellow oil: quantitative yield; IR (neat) 3293, 2941, 2858, 2808, 2769, 1701, 
1446, 1242, 1115, 865, 628, cm-1; 1H-NMR (300 MHz, CDCl3) δ 3.45-3.36 (m, 4-H), 2.17-2.04 (m, 
6-H), 1.96 (br s, 2-H), 1.75 (t, J = 2.4 Hz, 1-H), 1.32 (br s, 4-H) ppm; 13C-NMR (75 MHz, CDCl3) δ 
83.8, 68.3, 66.4, 58.0, 53.3, 25.9, 25.1, 17.9 ppm; MS (ESI) m/z 168 [M+H]+. The spectral data were 
consistent with those reported previously [7]. 

1-(hex-5-yn-1-yl)piperidin-4-ol (10d) 

The title compound was prepared from 4-hydroxypiperidine according to general procedure D and 
was extracted with EtOAc (x5). The crude was purified by column chromatography using 
EtOAc/MeOH 8:2 as eluant. Yellow oil: yield 66%; IR (neat) 3299, 2939, 2863, 2810, 2772, 2115, 
1453, 1366, 1242, 1065, 731, 626, cm-1; 1H-NMR (300 MHz, CDCl3) δ 3.67-3.66 (m, 1-H), 2.77-
2.75 (m, 2-H), 2.33-2.31 (m, 2-H), 2.19-2.12 (m, 4-H), 1.92-1.86 (m, 3-H), 1.59-1.52 (m, 6-H) ppm; 
13C-NMR (75 MHz, CDCl3) δ 83.9, 68.4, 66.9, 57.6, 50.9, 33.9, 26.2, 25.6, 18.0 ppm; MS (ESI) m/z 
182 [M+H]+. 

5-hexyn-1-ol (11d) was commercially available. 
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Figure S1. CD spectra of c-Myc G4 and c-Myc iM in the absence (black line) and presence of 10 equivalents of 
compounds from series a (a), b (b), c (c) and d (d). The spectra were acquired at 20 °C (solid lines) and 100 °C (dashed 
lines) for c-Myc G4, and at 5° (solid lines) and 90 °C (dashed lines) for c-Myc iM. 
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Figure S2. CD spectra of Bcl-2 G4 and Bcl-2 iM in the absence (black line) and presence of 10 equivalents of compounds 
from series a (a), b (b), c (c) and d (d). The spectra were acquired at 20 °C (solid lines) and 100 °C (dashed lines) for Bcl-
2 G4, and at 5° (solid lines) and 90 °C (dashed lines) for Bcl-2 iM.  
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Figure S3. CD spectra of Tel23 G4 and hTeloC iM in the absence (black line) and presence of 10 equivalents of compounds 
from series a (a), b (b), c (c) and d (d). The spectra were acquired at 20 °C (solid lines) and 100 °C (dashed lines) for 
Tel23 G4, and at 5° (solid lines) and 90 °C (dashed lines) for hTeloC iM.  
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Figure S4. CD spectra of Hairpin in the absence (black line) and presence of 10 equivalents of compounds from series a 
(a), b (b), c (c) and d (d). The spectra were acquired at 20 °C (solid lines) and 100 °C (dashed lines).  
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Figure S5. CD melting curves of c-Myc G4 and c-Myc iM in the absence (black line) and presence of 10 equivalents of 
compounds from series a (a), b (b), c (c) and d (d).  
  



 S15 

 
 
Figure S6. CD melting curves of Bcl-2 G4 and Bcl-2 iM in the absence (black line) and presence of 10 equivalents of 
compounds from series a (a), a (b), c (c) and d (d).  
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Figure S7. CD melting curves of Tel23 G4 and hTeloC iM in the absence (black line) and presence of 10 equivalents of 
compounds from series a (a), b (b), c (c) and d (d). 
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Figure S8. CD melting curves of Hairpin in the absence (black line) and presence of 10 equivalents of compounds from 
series a (a), b (b), c (c) and d (d).  
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Figure S9. The strongest basic groups of the investigated compounds are circled in black. The pKa values of their 
conjugated acids were used in the multivariate data analysis.   
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Table S1. pKa values of the conjugated acid of the strongest 
base (see Figure S9) of the investigated compounds, with the 
corresponding pKa interval. 

Compound pKa value pKa interval 
15a 7.5 7.1 – 8.0  
16a 8.6 > 8.0 
17a 7.7 7.1 – 8.0 
18a 8.1 > 8.0 
19a 5.8 5.1 – 6.0 
20a 6.6 6.1 – 7.0  
21a 5.7 5.1 – 6.0 
22a 7.5 7.1 – 8.0 
23a 6.1 6.1 – 7.0 
24a 5.8 5.1 – 6.0 
15b 9.0 > 8.0 
16b 10.0 > 8.0 
17b 7.9 7.1 – 8.0 
18b 8.3 > 8.0 
19b 6.8 6.1 – 7.0 
20b 8.4 > 8.0 
21b 5.7 5.1 – 6.0 
15c 9.7 > 8.0 
16c 10.5 > 8.0 
17c 8.0 7.1 – 8.0 
18c 8.4 > 8.0 
19c 7.5 7.1 – 8.0 
20c 8.8 > 8.0 
21c 5.7 5.1 – 6.0 
15d 10.0 > 8.0 
16d 10.7 > 8.0 
17d 8.0 7.1 – 8.0 
18d 8.4 > 8.0 
19d 7.7 7.1 – 8.0 
20d 9.1 > 8.0 
21d 5.8 5.1 – 6.0 
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Table S2. Differences in chemical shifts (Δδ) of selected signals of c-Myc G4 upon addition (2 equiv) of 20a, 23a, 15c, 
18c, and 21d (G4 in the presence of compounds minus G4 alone). 

Signal Proton δ (ppm) 
Δδ (ppm) 

20a 23a 15c 18c 21d 
1 G16 (H1) 11.672 -0.02 -0.02 -0.04 -0.06 0 
2 G7 (H1) 11.549 0.01 0.01 0 0 0 
3 G11 (H1) 11.485 0 0 0 0 0 
4 G12 (H1) 11.252 0 0 -0.01 -0.03 0 
5 G21 (H1) 11.117 0 0 -0.01 -0.05  0 
6 G20 (H1) 11.009 N.D.1 N.D.1 N.D.1 N.D.1 N.D.1 
7 G8/G17 (H1) 10.919 0 0 0 -0.13 0 
8 G13 (H1) 10.833 0.02 0.02 0.02 -0.02 0 
9 G22 (H1) 10.808 -0.01 -0.01 -0.01 -0.03 0 
10 G18 (H1) 10.794 -0.02 -0.02 -0.02 -0.01 0 
11 G9 (H1) 10.384 0.02 0.02 -0.01 -0.10 0 
12 A15 (H8) 8.364 0.03 0.03 0.04 0.05 0 
13 A15 (H2) 8.234 0.06 0.07 0.09 0.12 0.01 
14 G16 (H8) 7.894 0 0 -0.01 -0.03 0 
15 G7 (H8) 7.875 0.03 0.04 0.05 0.02 0 
16 G5 (H8) 7.827 0.01 0.01 0 -0.02 0 
17 G11 (H8) 7.774 0.01 0.01 0.01 0 0 
18 G12/G20 (H8) 7.684 0.01 0.01 0 0 0 
19 G21 (H8) 7.664 0.01 0.01 0.01 0.01 0 
20 G13 (H8)/T19 (H6) 7.651 N.D.1 N.D.1 N.D.1 N.D.1 N.D.1 

21 T10 (H6) 7.637 0 0 0 0 0 
22 G17/G18 (H8) 7.632 0 0 0 0 0 
23 A6 (H2) 7.615 N.D.1 N.D.1 N.D.1 N.D.1 N.D.1 
24 A24 (H8) 7.580 N.D.1 N.D.1 -0.01 -0.02 0 
25 G9 (H8) 7.553 0 0 -0.01 -0.02 0 
26 G8 (H8) 7.532 0 0 -0.01 -0.02 0 
27 T14 (H6) 7.425 0.01 0.01 0.01 0.01 0 
28 A6 (H8) 7.418 0 0 0 0.01 0 
29 G22 (H8) 7.377 -0.01 -0.02 -0.03 -0.03 0 
30 A25 (H8) 7.327 0.03 0.02 -0.01 N.D. 1 0.01 
31 A25 (H2) 7.254 0.06 0.06 0.05 -0.01 0.01 
32 T4 (H6) 7.008 0.01 0.01 0 -0.02 N.D.1 
33 T23 (H6) 6.961 N.D.1 N.D.1 N.D.1 N.D.1 N.D.1 
34 A24 (H2) 6.906 N.D.1 N.D.1 N.D.1 N.D.1 N.D.1 

1 N.D. = Not determined.  
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Table S3. Differences in chemical shifts (Δδ) of selected signals of hTeloC iM upon addition (2 equiv) of 20a, 23a, 15c, 
18c, and 21d (iM in the presence of compounds minus iM alone). 

Signal Proton δ (ppm) 
Δδ (ppm) 

20a 23a 15c 18c 21d 
1 C7:C19+/C8:C20+ 15.498 0 0 0 0 0 
2 C3+:C15/C2+:C14 15.377 0 0 0 0 0 
3 C9:C21+/C1+:C13 15.212 0 0 0 0 0 
4 A6/A11/A12 (H8) 8.209 0.02 0.02 0.03 0.03  0 
5 A6/A12 (H2) 8.130 0.02 0.02 0.02 0.02 0 
6 A11 (H2)/A17 (H2, H8) 7.974 0.04 0.04 0.06 0.07 0 
7 T22 (H6) 7.748 N.D.1 N.D.1 N.D.1 N.D.1 0 
8 A5 (H2) 7.738 0.03 0.03 0.03 0.04 0 
9 T10 (H6) 7.531 0 0 0 0 0 
10 A18 (H2) 7.408 0.02 0.02 0.02 0.03 0 
11 A5 (H8) 7.398 0.01 0.01 0.02 0.02 0 
12 T16 (H6) 7.354 0.01 0.01 0.01 0.01 0 
13 A18 (H8) 7.206 0.01 0.01 0.01 0.01 0 

1 N.D. = Not determined.  
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Figure S10. 1D 1H NMR spectra (c and d) and STD spectra (a and b) of compound 15c (0.250 mM) in presence of c-
Myc G4 (a and c) and hTeloC iM (b and d). 
 
 
 
 
 
 
 

 
 
Figure S11. 1D 1H NMR spectra (c and d) and STD spectra (a and b) of compound 18c (0.250 mM) in presence of c-
Myc G4 (a and c) and hTeloC iM (b and d). 
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Figure S12. 1D 1H NMR spectra (c and d) and STD spectra (a and b) of compound 20a (0.250 mM) in presence of c-
Myc G4 (a and c) and hTeloC iM (b and d). 
 
 
 
 
 
 
 

 
 
Figure S13. 1D 1H NMR spectra (c and d) and STD spectra (a and b) of compound 23a (0.250 mM) in presence of c-
Myc G4 (a and c) and hTeloC iM (b and d). 
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Figure S14. 1D 1H NMR spectra (c and d) and STD spectra (a and b) of compound 21d (0.250 mM) in presence of c-
Myc G4 (a and c) and hTeloC iM (b and d). 
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Figure S15. Representative fluorescence emission spectra of (a,b,c) 20a, (d,e,f) 23a, (g,h,i) 15c, and (l,m,n) 18c (2.5–
3.5 μM) in the absence and presence of stepwise additions (5 μL) of c-Myc G4, c-Myc iM, or hTeloC iM (150–200 μM), 
at 25 °C. 
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Figure S16. Representative fluorescence emission spectra of (a,b) 21d, and (c) 18c (2.5–3.5 μM) in the absence and 
presence of stepwise additions (5 μL) of (a) c-Myc G4, (b) c-Myc iM, or (c) single-stranded DNA d(CT)15 (150–200 μM), 
at 25 °C. Insets show the titration curves obtained by plotting the fraction of bound compound (α) versus DNA 
concentration. 
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Figure S17. Quantitative analysis of fluorescence intensity of anti-iM (a) and anti-G4 (b) signal. For each panel, 25 
cells/condition were analysed by ImageJ software and the results were expressed as fold change of fluorescence intensity 
over the negative control (DMSO). Results are referred to the images shown in Figures 6 and 7, respectively. Histograms 
show the mean ± SD of three independent experiments. Statistical significance was calculated using unpaired student t-
tests on GraphPad Prism 6 (***p<0.001; **p<0.01; *p<0.05).  
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Figure S18. 1D 1H (top) and 13C APT (bottom) NMR spectra of compound 15a. 
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Figure S19. 1D 1H (top) and 13C APT (bottom) NMR spectra of compound 16a. 

  



 S30 

 

 
Figure S20. 1D 1H (top) and 13C APT (bottom) NMR spectra of compound 17a. 
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Figure S21. 1D 1H (top) and 13C APT (bottom) NMR spectra of compound 18a. 
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Figure S22. 1D 1H (top) and 13C APT (bottom) NMR spectra of compound 19a. 
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Figure S23. 1D 1H (top) and 13C APT (bottom) NMR spectra of compound 20a. 
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Figure S24. 1D 1H (top) and 13C APT (bottom) NMR spectra of compound 21a. 
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Figure S25. 1D 1H (top) and 13C APT (bottom) NMR spectra of compound 22a. 
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Figure S26. 1D 1H (top) and 13C APT (bottom) NMR spectra of compound 23a. 
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Figure S27. 1D 1H (top) and 13C APT (bottom) NMR spectra of compound 24a. 
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Figure S28. 1D 1H (top) and 13C APT (bottom) NMR spectra of compound 15b. 
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Figure S29. 1D 1H (top) and 13C APT (bottom) NMR spectra of compound 16b. 
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Figure S30. 1D 1H (top) and 13C APT (bottom) NMR spectra of compound 17b. 
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Figure S31. 1D 1H (top) and 13C APT (bottom) NMR spectra of compound 18b. 
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Figure S32. 1D 1H (top) and 13C APT (bottom) NMR spectra of compound 19b. 
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Figure S33. 1D 1H (top) and 13C APT (bottom) NMR spectra of compound 20b. 
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Figure S34. 1D 1H (top) and 13C APT (bottom) NMR spectra of compound 21b. 

  



 S45 

 

 
Figure S35. 1D 1H (top) and 13C APT (bottom) NMR spectra of compound 15c. 
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Figure S36. 1D 1H (top) and 13C APT (bottom) NMR spectra of compound 16c. 

  



 S47 

 

 
Figure S37. 1D 1H (top) and 13C APT (bottom) NMR spectra of compound 17c. 
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Figure S38. 1D 1H (top) and 13C APT (bottom) NMR spectra of compound 18c. 
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Figure S39. 1D 1H (top) and 13C APT (bottom) NMR spectra of compound 19c. 
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Figure S40. 1D 1H (top) and 13C APT (bottom) NMR spectra of compound 20c. 
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Figure S41. 1D 1H (top) and 13C APT (bottom) NMR spectra of compound 21c. 
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Figure S42. 1D 1H (top) and 13C APT (bottom) NMR spectra of compound 15d. 
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Figure S43. 1D 1H (top) and 13C APT (bottom) NMR spectra of compound 16d. 
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Figure S44. 1D 1H (top) and 13C APT (bottom) NMR spectra of compound 17d. 

  



 S55 

 

 
Figure S45. 1D 1H (top) and 13C APT (bottom) NMR spectra of compound 18d. 
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Figure S46. 1D 1H (top) and 13C APT (bottom) NMR spectra of compound 19d. 
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Figure S47. 1D 1H (top) and 13C APT (bottom) NMR spectra of compound 20d. 
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Figure S48. 1D 1H (top) and 13C APT (bottom) NMR spectra of compound 21d. 
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