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1. Experimental – Isoellipticinium salts 

 

2-(3'-Cyanopropyl)isoellipticinium chloride 17 

5,11-Dimethyl-10H-pyrido[3,4-b]carbazole 5 (198 mg, 0.80 mmol) and 4-chlorobutryonitrile 

(0.091 mL, 0.96 mmol) in dimethylformamide (5 mL) were heated to 120 ºC for 48 hours. 

The dark pink solution was cooled to 0 ºC and excess cold ether added. The resulting dark 

pink precipitate was filtered and washed with cold ether to yield product as a red powder (222 

mg, 79%). mp 236 – 240 ºC; vmax/cm
-1

 (KBr): 3384 (NH), 3153 (CH, aromatic), 3091 (CH3), 

2246 (CN, nitrile), 1634 (C=C, aromatic), 1619 (C=C, aromatic), 1417, 1321; δH (300 MHz, 

DMSO-d6): 2.28 – 2.41 [2H, m, C(2)H2], 2.69 [2H, t, J 7.3, C(3)CH2], 2.91 [3H, s, 

C(11)CH3], 2.98 [3H, s, C(5)CH3]. 4.80 [2H, t, J 7.0, C(1)H2], 7.18 – 7.25 [1H, m, C(7)H], 

7.53 – 7.59 [2H, m, C(8)H, C(9)H], 8.25 [1H, d, J 8.1, C(6)H], 8.44 [1H, d, J 7.1, C(3)H], 

8.57 [1H, d, J 7.1, C(4)H], 9.97 [1H, s, C(1)H], 12.13 (1H, s, NH); δC (75.5 MHz; DMSO-d6): 

12.6 [CH3, C(11) CH3], 13.6 (CH2), 14.6 [CH3, C(5)CH3], 26.4 (CH2), 58.6 [CH2, C(1)H2], 

111.4 (CH, aromatic), 115.6 (C, aromatic C), 119.7 (C, aromatic C), 119.8 (CH, aromatic), 

121.4 (C, CN), 122.3 (CH, aromatic), 123.6 (C, aromatic C), 124.8 (CH, aromatic), 126.1 (C, 

aromatic C), 128.0 (C, aromatic C), 128.5 (CH, aromatic), 129.5 (CH, aromatic), 129.9 (C, 

aromatic C), 139.7 (C, aromatic C), 143.7 (C, aromatic C), 146.2 (CH, aromatic); m/z (ESI
+
): 

314 [(M
+
), 100%]; HRMS (ESI): Exact mass calculated for C21H20N3

+
: 314.1657. Found: 

314.1664 

 

2-(4'-Cyanobutyl)isoellipticinium chloride 18 

This was synthesised following the procedure described for 17 from 5,11-dimethyl-10H-

pyrido[3,4-b]carbazole 5 (204 mg, 0.827 mmol) and 5-chlorovaleronitrile (0.11 ml, 0.986 

mmol) in dimethylformamide (5 ml). The product was isolated as a pink solid (265 mg, 88%). 

mp 225 – 228; vmax/cm
-1

 (KBr): 3370 (NH), 3147 (CH, aromatic), 3087 (CH3), 2868 (CH2), 

2243 (CN, nitrile), 1635 (C=C, aromatic), 1620 (C=C, aromatic), 1498, 1418, 1321; δH (300 

MHz; DMSO-d6): 1.60 – 1.75 [2H, m, C(2)H or C(3)H], 2.10 – 2.22 [2H, m, C(2)H or 

C(3)H], 2.64 [2H, t, J 7.0, C(4)H2], 2.96 [3H, s, C(11)CH3], 3.04 [3H, s, C(5)CH3], 4.83 

[2H, t, J 7.2, C(1)H2], 7.23 – 7.31 [1H, m, C(7)H], 7.58 – 7.64 [2H, m, C(8)H, C(9)H], 8.3 

[1H, d, J 8.1, C(6)H], 8.49 [1H, d, J 7.1, C(3)H], 8.63 [1H, d, J 7.1, C(4)H], 10.01 [1H, s, 

C(1)H], 12.18 (1H, s, NH); δC (75.5 MHz; DMSO-d6): 12.6 [CH3, C(11)CH3], 14.7 [CH3, 

C(5)CH3], 15.8 (CH2), 21.7 (CH2), 29.9 (CH2), 58.9 [CH2, C(1)H2], 111.4 (CH, aromatic), 

115.5 (C, aromatic C), 119.8 (CH, aromatic), 120.4 (C, aromatic C), 121.4 (CN), 122.4 (CH, 

aromatic), 123.6 (C, aromatic C), 124.8 (CH, aromatic), 126.1 (C, aromatic C), 128.0 (C, 

aromatic C), 128.5 (CH, aromatic), 129.4 (CH, aromatic), 129.8 (C, aromatic C), 139.7 (C, 

aromatic C), 143.7 (C, aromatic C), 145.8 (CH, aromatic); m/z (ESI
+
): 328 [(M

+
), 100%]; 

HRMS (ESI): Exact mass calculated for C22H22N3
+
: 328.1814 . Found: 328.1811. 

 

2-(5'-Cyanopentyl)isoellipticinium bromide 19 

To a stirred suspension of 5,11-dimethyl-10H-pyrido[3,4-b]carbazole 5 (194 mg, 

0.788 mmol) in dimethylformamide (5 mL), was added 6-bromohexanenitrile (153 mg, 

0.11 mL, 0.867 mmol). The reaction mixture was heated to 120 C for 4 hours and 

subsequently stirred at room temperature overnight. The mixture was cooled to 0 C and cold 

diethyl ether (3 mL) was added. The resulting precipitate was collected by vacuum filtration 

and washed with hexane (3 mL) and cold diethyl ether (5 mL) to give the product as a bright 
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orange solid (272 mg, 81.7%). mp: 274 – 275 C; vmax/cm
-1

(KBr): 3434 (NH), 3137 (CH), 

3098 (CH), 2971 (asymm. CH3 stretch), 2927 (asymm. CH2 stretch), 2861 (symm. CH2 

stretch), 2239 (CN nitrile), 1634 (C=C arom.), 1624 (C=C arom.), 1419, 1320, 1217; δH (300 

MHz, DMSO-d6): 1.42 – 1.52 [2H, m, C(3)H2], 1.62 – 1.72 [2H, m, C(4)H2], 2.04 – 2.14 

[2H, m, C(2)H2], 2.55 [2H, t, J 7.0, C(5)H2], 3.05 [3H, s, C(11)CH3], 3.21 [3H, s, C(5)CH3], 

4.81 [2H, t, J 7.4, C(1)H2], 7.36 [1H, overlapping ddd, J 8.1, 5.2, 3.0, C(7)H], 7.69 – 7.70 

[2H, m, C(8)H, C(9)H], 8.48 [1H, d, J 8.1, C(6)H], 8.59 [1H, dd, J 7.2, 1.1, C(3)H], 8.81 [1H, 

d, J 7.1, C(4)H], 10.08 [1H, s, C(1)H], 12.00 [1H, s, N(10)H]; δC (75.5 MHz, DMSO-d6): 

12.5 [CH3, C(11)CH3], 14.8 [CH3, C(5)CH3], 16.0 [CH2, C(5)H2], 24.2 [CH2, C(4)H2], 24.7 

[CH2, C(3)H2], 30.1 [CH2, C(2)H2], 59.6 [CH2, C(1)H2], 111.4 [CH, C(8)H or C(9)H], 

115.5 (C, aromatic C), 120.0 [CH, C(7)H], 120.6 (C, CN), 121.6 (C, aromatic C), 122.5 [CH, 

C(4)H], 123.8 (C, aromatic C), 125.0 [CH, C(6)H], 126.4 (C, aromatic C), 128.2 (C, aromatic 

C), 128.8 [CH, C(3)H], 129.7 [CH, C(8)H or C(9)H], 130.1 (C, aromatic C), 139.9 (C, 

aromatic C), 143.8 (C, aromatic C), 145.8 [CH, C(1)H]; m/z (ESI
+
): 342 [(M)

+
 100%]; HRMS 

(ESI
+
): Exact mass calculated for C23H24N3

+
 342.1970. Found 342.1967. Anal. calculated for 

C23H24N3Br.(0.25 H2O): C, 64.72; H, 5.79; N, 9.84. Found: C, 64.87; H, 5.73; N, 10.00. 

 

2-(5'-Carboxypentyl)isoellipticinium bromide 20 

This was synthesised following the procedure described for 19 from 5,11-dimethyl-10H-

pyrido[3,4-b]carbazole 5 (211 mg, 0.857 mmol) and 6-bromohexanoic acid (184 mg, 

0.943 mmol, 1.1 eq) in dimethylformamide (5 mL) to give the product as a bright orange solid 

(290 mg, 76.7%). mp: 302 – 304 C; vmax/cm
-1

 (KBr): 3419 (NH), 3147 (OH, broad), 3097 

(CH), 3025 (CH), 2932 (asymm. CH2 stretch), 2860 (symm. CH2 stretch), 1721 (C=O), 1634 

(C=C arom.), 1621(C=C arom.), 1418, 1157 (C-O); δH (300 MHz, DMSO-d6): 1.33 – 1.43 

[2H, m, C(3)H2], 1.55 – 1.65 [2H, m, C(4)H2], 2.02 – 2.11 [2H, m, C(2)H2], 2.25 [2H, t, J 

7.2, C(5)H2], 3.05 [3H, s, C(11)CH3], 3.22 [3H, s, C(5)CH3], 4.79 [2H, t, J 7.4, C(1)H2], 

7.37 [1H, overlapping ddd, J 8.1, 5.0, 3.1, C(7)H], 7.69 – 7.71 [2H, m, C(8)H, C(9)H], 8.50 

[1H, d, J 8.0, C(6)H], 8.58 [1H, dd, J 7.2, 1.2, C(3)H], 8.81 [1H, d, J 7.1, C(4)H], 10.08 [1H, 

s, C(1)H], 12.00 – 12.05 [2H, s & overlapping br s, N(10)H, COOH]; δC(75.5 MHz, DMSO-

d6): 12.5 [CH3, C(11)CH3], 14.7 [CH3, C(5)CH3], 23.9 [CH2, C(4)H2], 25.2 [CH2, C(3)H2], 

30.7 [CH2, C(2)H2], 33.4 [CH2, C(5)H2], 59.7 [CH2, C(1)H2], 111.3 [CH, C(8)H or C(9)H], 

115.4 (C, aromatic C), 119.9 [CH, C(7)H], 121.5 (C, aromatic C), 122.3 [CH, C(4)H], 123.6 

(C, aromatic C), 124.9 [CH, C(6)H] 126.2 (C, aromatic C), 128.1 (C, aromatic C), 128.7 [CH, 

C(3)H], 129.5 [CH, C(8)H or C(9)H], 129.8 (C, aromatic C), 139.7 (C, aromatic C), 143.6 (C, 

aromatic C), 145.6 [CH, C(1)H], 174.3 (C, COOH); m/z (ESI
+
): 361 [(M)

+
 100%]; HRMS 

(ESI
+
): Exact mass calculated for C23H25N2O2

+
 361.1916. Found 361.1911. Anal. calculated 

for C23H25N2O2Br: C, 62.59; H, 5.71; N, 6.35. Found: C, 62.34; H, 5.72; N, 6.35. 

 

2-(6'-Carboxamidohexyl)isoellipticinium bromide 21 

This was synthesised following the procedure described for 19 from 5,11-dimethyl-10H-

pyrido[3,4-b]carbazole 5 (200 mg, 0.812 mmol) and 6-bromohexanamide (173 mg, 

0.893 mmol, 1.1 eq) in dimethylformamide (5 mL) to give the amide as a bright orange solid 

(301 mg, 84.2%). mp: 284 – 285 C; vmax/cm
-1

 (KBr): 3294 (NH), 3150 (NH), 3097 (CH), 

2943 (asymm. CH2 stretch), 2856 (symm. CH2 stretch), 1683 (C=O), 1622 (N-H bend), 1498 

(C=C arom.) 1417 (C-N stretch, amide), 1321; δH (300 MHz, DMSO-d6): 1.31 – 1.41 [2H, m, 

C(3)H2], 1.54 – 1.64 [2H, m, C(4)H2], 2.00 – 2.10 [4H, m, C(2)H2, C(5)H2], 3.02 [3H, s, 

C(11)CH3], 3.17 [3H, s, C(5)CH3], 4.79 [2H, t, J 7.4, C(1)H2], 6.71 (1H, br s, one of 
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CONH2), 7.26 (1H, br s, one of CONH2), 7.26 [1H, ddd, J 8.2, 5.7, 2.5, C(7)H], 7.66 – 7.68 

[2H, m, C(8)H, C(9)H], 8.44 [1H, d, J 8.1, C(6)H], 8.56 [1H, dd, J 7.2, 1.2, C(3)H], 8.76 [1H, 

d, J 6.9, C(4)H], 10.04 [1H, s, C(1)H], 11.96 [1H, s, N(10)H]; δC (75.5 MHz, DMSO-d6): 

12.4 [CH3, C(11)CH3], 14.8 [CH3, C(5)CH3], 24.4 [CH2, C(4)H2], 25.3 [CH2, C(3)H2], 30.8 

[CH2, C(2)H2], 34.7 [CH2, C(5)H2], 59.8 [CH2, C(1)H2], 111.4 [CH, C(8)H or C(9)H], 

115.5 (C, aromatic C), 120.0 [CH, C(7)H], 121.6 (C, aromatic C), 122.4 [CH, C(4)H], 123.7 

(C, aromatic C), 125.0 [CH, C(6)H], 126.4 (C, aromatic C), 128.2 (C, aromatic C), 128.7 

[CH, C(3)H], 129.6 [CH, C(8)H or C(9)H], 130.0 (C, aromatic C), 139.8 (C, aromatic C), 

143.7 (C, aromatic C), 145.8 [CH, C(1)H], 174.0 (C, CONH2); m/z (ESI
+
): 360 [(M)

+
 100%]; 

HRMS (ESI
+
): Exact mass calculated for C23H26N3O

+
 360.2076. Found 360.2074. Anal. 

calculated for C23H26N3OBr(0.2 H2O): C, 62.22; H, 5.99; N, 9.46. Found: C, 62.30; H, 5.89; 

N, 9.40. 

 

N
2
-(6'-Methylsulfonamido-6'-oxohexyl)isoellipticinium bromide 22 

This was synthesised following the procedure described for 19 from 5,11-dimethyl-10H-

pyrido[3,4-b]carbazole 5 (212 mg, 0.861 mmol) and 6-bromo-N-(methylsulfonyl)hexanamide 

(258 mg, 0.947 mmol, 1.1 eq) in dimethylformamide (5 mL). The product was isolated as a 

bright orange solid (337 mg, 75.5%). mp: 285 - 287C; vmax/cm
-1

 (KBr): 3399 (NH), 3164 

(NH), 3052 (CH), 2935 (asymm. CH2 stretch), 2865 (symm. CH2 stretch), 1705 (C=O), 1633 

(C=C arom.), 1620 (C=C arom.), 1437, 1415 (C-N stretch, amide), 1336 (asymm. SO2 

stretch), 1122 (symm. SO2 stretch); δH (300 MHz, DMSO-d6): 1.33 – 1.43 [2H, m, C(3)H2], 

1.58 – 1.68 [2H, m, C(4)H2], 2.00 – 2.10 [2H, m, C(2)H2], 2.33 [2H, t, J 7.2, C(5)H2], 2.96 

[3H, s, C(11)CH3], 3.07 [3H, s, C(5)CH3], 3.21 (3H, s, SO2CH3), 4.78 [2H, t, J 7.4, C(1)H2], 

7.29 [1H, overlapping ddd, J 8.1, 6.3, 1.9, C(7)H], 7.59 – 7.66 [2H, m, C(8)H, C(9)H], 8.32 

[1H, d, J 8.1, C(6)H], 8.51 [1H, dd, J 7.1, 1.0, C(3)H], 8.66 [1H, d, J 7.1, C(4)H], 9.98 [1H, s, 

C(1)H], 11.66 (1H, br s, CONH), 11.87 [1H, s, N(10)H]; δC (75.5 MHz, DMSO-d6): 12.5 

[CH3, C(11)CH3], 14.7 [CH3, C(5)CH3], 23.5 [CH2, C(4)H2], 25.0 [CH2, C(3)H2], 30.7 [CH2, 

C(2)H2], 35.1 [CH2, C(5)H2], 40.99 (CH3, SO2CH3), 59.7 [CH2, C(1)H2], 111.3 [CH, C(8)H 

or C(9)H], 115.4 (C, aromatic C), 119.9 [CH, C(7)H], 121.4 (C, aromatic C), 122.3 [CH, 

C(4)H], 123.6 (C, aromatic C), 124.8 [CH, C(6)H], 126.2 (C, aromatic C), 128.0 (C, aromatic 

C), 128.6 [CH, C(3)H], 129.5 [CH, C(8)H or C(9)H], 129.8 (C, aromatic C), 139.7 (C, 

aromatic C), 143.6 (C, aromatic C), 145.6 [CH, C(1)H], 172.5 (C, CONH2); m/z (ESI
+
): 438 

[(M)
+
 100%]; HRMS (ESI

+
): Exact mass calculated for C24H28N3O3S

+
 438.1851. Found 

438.1833. Anal. calculated for C24H28N3O3SBr: C, 55.60; H, 5.44; N, 8.10. Found: C, 55.65; 

H, 5.41; N, 8.10. 

 

2-(5'-Carboxypentyl)-7-formylisoellipticinium bromide 23 

This was synthesised following the procedure described for 19 from 5,11-dimethyl-10H-

pyrido[3,4-b]carbazole-7-carbaldehyde 6 (146 mg, 0.532 mmol) and 6-bromohexanoic acid 

(114 mg, 0.585 mmol) in dimethylformamide (5 mL). The product was isolated as a bright 

orange solid (123 mg, 49.3%). mp: 267 - 269C; vmax/cm
-1

 (KBr): 3348 (NH), 3109 (OH 

broad), 2944 (CH), 2862 (CH), 1716 (C=O acid), 1684 (C=O aldehyde), 1622 (C=C arom.), 

1600 (C=C arom.), 1411, 1199; δH (300 MHz, DMSO-d6): 1.38 – 1.46 [2H, m, C(3)H2], 1.58 

– 1.67 [2H, m, C(4)H2], 2.02 – 2.12 [2H, m, C(2)H2], 2.28 [2H, t, J 7.2, C(5)H2], 2.93 [3H, 

s, C(11)CH3], 3.05 [3H, s, C(5)CH3], 4.78 [2H, t, J 7.5, C(1)H2], 7.56 [1H, d, J 8.5, C(9)H], 

7.95 [1H, dd, J 8.5, 1.3, C(8)H], 8.57 [1H, dd, J 7.1, 0.6 C(3)H], 8.65 – 8.68 [2H, overlapping 

s and d, C(6)H, C(4)H respectively], 10.00 [1H, s, C(1)H], 10.03 [1H, s, C(7)CHO], 12.04 
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(1H, br s, COOH), 12.28 [1H, s, N(10)H]; δC (75.5 MHz, DMSO-d6): 12.5 [CH3, C(11)CH3], 

14.7 [CH3, C(5)CH3], 23.9 (CH2), 25.2 (CH2), 30.7 (CH2), 33.4 (CH2), 59.9 [CH2, C(1)H2], 

111.6 (CH, aromatic CH), 116.5 (C, aromatic C), 121.2 (C, aromatic C), 122.5 (CH, aromatic 

CH), 122.6 (C, aromatic C), 124.0 (C, aromatic C), 126.9 (C, aromatic C), 128.7 (CH, 

aromatic CH), 128.8 (C, aromatic C), 129.1 (CH, aromatic CH), 129.3 (C, aromatic C), 129.4 

(CH, aromatic CH), 139.9 (C, aromatic C), 146.0 (CH, aromatic CH), 147.0 (C, aromatic C), 

174.3 (C, COOH), 191.8 (CH, CHO); m/z (ESI
+
): 389 [(M)

+
 100%]; HRMS (ESI

+
): Exact 

mass calculated for C24H25N2O3
+
 389.1865. Found 389.1853. 

 

2-(5'-Cyanopentyl)-7-formylisoellipticinium bromide 24 

This was synthesised following the procedure described for 19 from 5,11 dimethyl-10H-

pyrido[3,4-b]carbazole-7-carbaldehyde 6 (149 mg, 0.543 mmol) and 6-bromohexanenitrile 

(105 mg, 0.597 mmol) in dimethylformamide (5 mL) to give the product as a  bright orange 

solid (154 mg, 62.9%). mp: 300 - 302C; vmax/cm
-1

 (KBr): 3418 (NH), 3029 (CH), 2933 

(CH), 2868 (CH), 2243 (CN), 1678 (C=O), 1626 (C=C arom.), 1606 (C=C arom.), 1412, 

1202, 1113; δH (300 MHz, DMSO-d6): 1.45 – 1.55 [2H, m, C(3)H2], 1.65 – 1.75 [2H, m, 

C(4)H2], 2.05 – 2.15 [2H, m, C(2)H2], 2.58 [2H, t, J 7.0, C(5)H2], 2.90 [3H, s, C(11)CH3], 

3.00 [3H, s, C(5)CH3], 4.79 [2H, t, J 7.5, C(1)H2], 7.52 [1H, d, J 8.5, C(9)H], 7.91 [1H, dd, J 

8.5, 1.3, C(8)H], 8.56 [1H, dd, J 7.2, 0.9, C(3)H], 8.61 [1H, s, C(6)H], 8.63 [1H, d, J 7.2, 

C(4)H], 9.99 [1H, s, C(1)], 10.01 [1H, s, C(7)CHO], 12.22 [1H, s, N(10)H]; δC (150.9 MHz, 

DMSO-d6): 12.3 [CH3, C(11)CH3], 14.5 [CH3, C(5)CH3], 16.0 (CH2), 24.1 (CH2), 24.7 (CH2), 

30.1 (CH2), 59.8 [CH2, N(2)CH2], 111.3 (CH, aromatic CH), 116.2 (C, aromatic C), 120.7 (C, 

CN), 120.9 (C, aromatic C), 122.4 (CH, aromatic CH), 123.8 (C, aromatic C), 126.7 (C, 

aromatic C), 128.3 (CH, aromatic CH), 128.5 (C, aromatic C), 128.6 (C, aromatic C), 128.9 

(CH, aromatic CH), 129.0 (C, aromatic C), 129.2 (CH, aromatic CH), 139.8 (C, aromatic C), 

145.5 (CH, aromatic CH), 146.7 (C, aromatic C), 191.8 (CH, CHO); m/z (ESI
+
): 370 [(M)

+
 

100%]; HRMS (ESI
+
): Exact mass calculated for C24H24N3O

+
 370.1919. Found 370.1917. 

 

2-(6'-Carboxamidohexyl)-7-formylisoellipticinium bromide 25 

This was synthesised following the procedure described for 19 from 5,11 dimethyl-10H-

pyrido[3,4-b]carbazole-7-carbaldehyde 6 (148 mg, 0.540 mmol) and 6-bromohexanamide 

(114 mg, 0.587 mmol) in dimethylformamide (5 mL). The product was isolated as a bright 

orange solid (151 mg, 59.7%). mp: >300 C without melting; vmax/cm
-1

 (KBr): 3105 (NH), 

2929 (asymm. CH2 stretch), 2860 (symm. CH2 stretch), 1664 (broad, 2 × C=O) 1600 (C=C 

arom.), 1409 (C=C arom.), 1319, 1273, 1199, 1112; δH (300 MHz, DMSO-d6): 1.32 – 1.42 

[2H, m, C(3)H2], 1.56 – 1.65 [2H, m, C(4)H2], 2.00 – 2.10 [2H, m, C(2)H], 2.11 [2H, t, J 

7.2, C(5)H2], 2.88 [3H, s, C(11)CH3], 2.99 [3H, s, C(5)CH3], 4.75 [2H, t, J 7.4, C(1)H2], 

6.73 (1H, br s, one of CONH2), 7.32 (1H, br s, one of CONH2), 7.52 [1H, d, J 8.5, C(9)H], 

7.92 [1H, d, J 8.5, C(8)H], 8.52 [1H, d, J 7.1, C(3)H], 8.60 [1H, d, J 6.8, C(4)H], 8.61 [1H, s, 

C(6)H], 9.94 [1H, s, C(1)H], 9.98 [1H, s, C(7)CHO], 12.23 [1H, s, N(10)H]; δC (75.5 MHz, 

DMSO-d6): 12.4 [CH3, C(11)CH3], 14.6 [CH3, C(5)CH3], 24.4 (CH2), 25.3 (CH2), 30.8 (CH2), 

34.7 (CH2), 60.0 [CH2, C(1)H2], 111.5 (CH, aromatic CH), 116.4 (C, aromatic C), 121.1 (C, 

aromatic C), 122.5 (CH, aromatic CH), 124.0 (C, aromatic C), 126.8 (C, aromatic C), 128.71 

(CH, aromatic CH), 128.73 (C, aromatic C), 129.1 (CH, aromatic CH), 129.2 (C, aromatic C),  

129.4 (CH, aromatic CH), 130.4 (C, aromatic C), 139.8 (C, aromatic C), 145.8 (CH, aromatic 

CH), 146.9 (C, aromatic C), 174.4 (C, CONH2), 191.8 (CH, CHO); m/z (ESI
+
): 388 [(M)

+
 

100%]; HRMS (ESI
+
): Exact mass calculated for C24H26N3O2

+
 388.2025. Found 388.2021. 
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7-Formyl-N
2
-(6'-methylsulfonamido-6'-oxohexyl) isoellipticinium bromide 26 

This was synthesised following the procedure described for 19 from 5,11 dimethyl-10H-

pyrido[3,4-b]carbazole-7-carbaldehyde 6 (103 mg, 0.375 mmol) and 6-bromo-N-

(methylsulfonyl) hexanamide (112 mg, 0.412 mmol) in dimethylformamide (5 mL) to give 

the product as a bright orange solid (110 mg, 53.7%). mp: 270 – 271C; vmax/cm
-1

 (KBr): 

3108 (NH), 3000 (CH), 2861 (CH), 1704 (C=O amide), 1683 (C=O aldehyde), 1622 (C=C 

arom.), 1604 (C=C arom.), 1411, 1321 (asymm. SO2 stretch), 1157 (symm. SO2 stretch); δH 

(300 MHz, DMSO-d6): 1.28 – 1.38 [2H, m, C(3)H2], 1.53 – 1.63 [2H, m, C(4)H2], 1.96 – 

2.06 [2H, m, C(2)H2], 2.27 [2H, t, J 7.2, C(5)H2], 2.90 [3H, s, C(11)CH3], 3.02 [3H, s, 

C(5)CH3], 3.15 (3H, s, SO2CH3), 4.73 [2H, t, J 7.2, C(1)H2], 7.54 [1H, d, J 8.5, C(9)H], 7.93 

[1H, dd, J 8.7, 1.2, C(8)H], 8.52 [1H, dd, J 7.0, 0.7, C(3)H], 8.64 [1H, d, J 7.2, C(4)H], 8.67 

[1H, d, J 0.6, C(6)H], 9.97 – 9.98 [2H, s, C(1)H, C(7)CHO], 11.61 (1H, br s, CONHSO2), 

12.26 [1H, s, N(10)H]; δC (75.5 MHz, DMSO-d6): 12.5 [CH3, C(11)CH3], 14.7 [CH3, 

C(5)CH3], 23.5 (CH2), 25.0 (CH2), 30.7 (CH2), 35.1 (CH2), 41.0 (CH3, SO2CH3), 59.8 [CH2, 

C(1)H2], 111.7 (CH, aromatic CH), 116.5 (C, aromatic C), 121.3 (C, aromatic C), 122.6 (CH, 

aromatic CH), 124.1 (C, aromatic C), 127.0 (C, aromatic C), 128.8 (CH, aromatic CH), 128.9 

(C, aromatic C), 129.2 (CH, aromatic CH), 129.3 (C, aromatic C), 129.5 (CH, aromatic CH), 

129.6 (C, aromatic C), 140.0 (C, aromatic C), 146.1 (CH, aromatic CH), 147.1 (C, aromatic 

C), 172.5 (C, CONH), 191.8 (CH, CHO); m/z (ESI
+
): 466 [(M)

+
 100%]; HRMS (ESI

+
): Exact 

mass calculated for C25H28N3O4S
+
 466.1801. Found 466.1787. 

 

2-(5'-Carboxypentyl)-7-hydroxyisoellipticinium bromide 27 

A stirred suspension of 5,11-dimethyl-10H-pyrido[3,4-b]carbazol-7-ol 7 (85 mg, 0.324 mmol) 

in dimethylformamide (5 mL) was treated with 6-bromohexanoic acid (69 mg, 0.354 mmol) 

and heated to 120 C for 4 hours followed by stirring at room temperature overnight. The 

mixture was cooled to 0 C and cold diethyl ether (3 mL) was added. The resulting precipitate 

was collected by vacuum filtration under nitrogen as the product was highly hygroscopic. The 

solid was quickly washed with hexane (3 mL) and cold diethyl ether (5 mL) to give the 

product as a red solid which was dried at 0.1 mmHg for 7 days (47 mg, 31.7%). mp: 291 - 

293C; vmax/cm
-1

 (KBr): 3166 (OH), 3050 (NH), 2927 (asymm. CH2 stretch) 2860 (symm. 

CH2 stretch), 1719 (C=O), 1635 (C=C arom.), 1492 (C=C arom.), 1413, 1380, 1220 (C-O), 

1152; δH (300 MHz, DMSO-d6): 1.32 – 1.42 [2H, m, C(3)H2], 1.55 – 1.64 [2H, m, C(4)H2], 

2.01 – 2.09 [2H, m, C(2)H2], 2.25 [2H, t, J 7.2, C(5)H2], 2.99 [3H, s, C(11)CH3], 3.13 [3H, 

s, C(5)CH3], 4.77 [2H, t, J 7.2, C(1)H2], 7.21 [1H, dd, J 8.7, 2.3, C(8)H], 7.51 [1H, d, J 8.8, 

C(9)H], 7.78 [1H, d, J 1.5, C(6)H], 8.51 [1H, d, J 7.2, C(3)H], 8.72 [1H, d, J 7.0, C(4)H], 

9.34 [1H, s, C(7)OH], 10.00 [1H, s, C(1)H], 11.68 [1H, s, N(10)H], 12.02 (1H, br s, COOH); 

δC (75.5 MHz, DMSO-d6): 12.3 [CH3, C(11)CH3] 14.6 [CH3, C(5)CH3], 23.9 (CH2), 25.1 

(CH2), 30.6 (CH2), 33.4 (CH2), 59.7 [CH2, C(1)H2], 109.4 (CH, aromatic CH), 111.9 (CH, 

aromatic CH), 115.3 (C, aromatic C), 119.2 (CH, aromatic CH), 122.2 (C, aromatic C), 122.4 

(CH, aromatic CH), 123.5 (C, aromatic C), 126.2 (C, aromatic C), 127.5 (C, aromatic C), 

128.3 (CH, aromatic CH), 129.9 (C, aromatic C), 137.6 (C, aromatic C), 140.4 (C, aromatic 

C), 145.7 (CH, aromatic CH), 151.3 (C, aromatic C), 174.3 (C, COOH); m/z (ESI
+
): 377 

[(M)
+
 100%]; HRMS (ESI

+
): Exact mass calculated for C23H25N2O3

+
 377.1865. Found 

377.1859. 

 

2-(5'-Cyanopentyl)-7-hydroxyisoellipticinium bromide 28 

This was synthesised following the procedure described for 27 from 5,11-dimethyl-10H-
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pyrido[3,4-b]carbazol-7-ol 7 (79 mg, 0.301 mmol) and 6-bromohexanenitrile (0.04 mL, 

0.331 mmol) in dimethylformamide (5 mL) to give the product as a red solid (41 mg, 31.1%). 

mp: 245 – 248 C; vmax/cm
-1

 (KBr): 3169 (broad, OH & NH), 2932 (asymm. CH2 stretch), 

2861 (symm. CH2 stretch), 2242 (CN), 1633 (C=C arom.), 1492 (C=C arom.), 1468, 1413, 

1221 (C-O), 1147; δH (400 MHz, DMSO-d6): 1.41 – 1.48 [2H, m, C(3)H2], 1.62 – 1.69 [2H, 

m, C(4)H2], 2.03 – 2.11 [2H, m, C(2)H2], 2.54 [2H, t, J 7.0, C(5)H2], 3.03 [3H, s, 

C(11)CH3], 3.16 [3H, s, C(5)CH3], 4.79 [2H, t, J 7.6, C(1)H2], 7.22 [1H, dd, J 8.8, 2.2, 

C(8)H], 7.52 [1H, d, J 8.7, C(9)H], 7.81 [1H, d, J 2.2, C(6)H], 8.54 [1H, d, J 7.1, C(3)H], 

8.77 [1H, d, J 7.0, C(4)H], 9.37 [1H, s, C(7)OH], 10.04 [1H, s, C(1)H], 11.67 [1H, s, 

N(10)H]; δC (75.5 MHz, DMSO-d6): 12.4 [CH3, C(11)CH3], 14.6 [CH3, C(5)CH3], 16.0 

(CH2), 24.2 (CH2), 24.7 (CH2), 30.1 (CH2), 59.5 [CH2, C(1)H2], 109.4 (CH, aromatic CH), 

111.9 (CH, aromatic CH), 115.3 (C, aromatic C), 119.2 (CH, aromatic CH), 120.6 (C, CN), 

122.2 (C, aromatic C), 122.4 (CH, aromatic CH), 123.5 (C, aromatic C), 126.2 (C, aromatic 

C), 127.5 (C, aromatic C), 128.3 (CH, aromatic CH), 130.0 (C, aromatic C), 137.6 (C, 

aromatic C), 140.4 (C, aromatic C), 145.7 (CH, aromatic CH), 151.3 (C, aromatic C); m/z 

(ESI
+
): 358 [(M)

+
 100%]; HRMS (ESI

+
): Exact mass calculated for C23H24N3O

+
 358.1919. 

Found 358.1929. 

 

2-(6'-Carboxamidohexyl)-7-hydroxyisoellipticinium bromide 29 

This was synthesised following the procedure described for 27 from 5,11-dimethyl-10H-

pyrido[3,4-b]carbazol-7-ol 7 (233 mg, 0.888 mmol) and 6-bromohexanamide (190 mg, 

0.979 mmol) in dimethylformamide (5 mL) to give the product as a red solid (186 mg, 

45.9%). mp: 278 – 279 C; vmax/cm
-1

 (KBr): 3177 (broad, NH & OH), 2928 (asymm. CH2 

stretch), 2858 (symm. CH2 stretch), 1654 (C=O), 1635 (C=C arom.), 1493 (C=C arom.), 

1466, 1413, 1381, 1218 (C-O), 1151; δH (400 MHz, DMSO-d6): 1.30 – 1.37 [2H, m, C(3)H2], 

1.54 – 1.61 [2H, m, C(4)H2], 1.99 – 2.09 (4H, m, C(2)H2, C(5)CH2], 2.95 [3H, s, 

C(11)CH3], 3.08 [3H, s, C(5)CH3], 4.75 [2H, t, J 7.1, C(1)H2], 6.73 (1H, br s, one of 

CONH2), 7.18 [1H, dd, J 8.7, 2.2, C(8)H], 7.28 (1H, br s, one of CONH2) 7.47 [1H, d, J 8.6, 

C(9)H], 7.72 [1H, d, J 1.8, C(6)H], 8.49 [1H, d, J 7.1, C(3)H], 8.68 [1H, d, J 7.1, C(4)H], 

9.35 [1H, s, C(7)OH], 9.96 [1H, s, C(1)H], 11.66 [1H, s, N(10)H]; δC (75.5 MHz, DMSO-d6): 

12.4 [CH3, C(11)CH3], 14.5 [CH3, C(5)CH3], 24.4 (CH2), 25.3 (CH2), 30.7 (CH2), 34.8 (CH2), 

59.7 [CH2, C(1v)H2], 109.3 (CH, aromatic CH), 111.9 (CH, aromatic CH), 115.3 (C, 

aromatic C), 119.1 (CH, aromatic CH), 122.1 (C, aromatic C), 122.3 (CH, aromatic CH), 

123.4 (C, aromatic C), 126.1 (C, aromatic C), 127.4 (C, aromatic C), 128.3 (CH, aromatic 

CH), 129.8 (C, aromatic C), 137.6 (C, aromatic C), 140.3 (C, aromatic C), 145.6 (CH, 

aromatic CH), 151.2 (C, aromatic C), 174.1 (C, CONH2); m/z (ESI
+
): 376 [(M)

+
 100%]; 

HRMS (ESI
+
): Exact mass calculated for C23H26N3O2

+
 376.2025. Found 376.2018. 

 

7-Hydroxy-N
2
-(6'-methylsulfonamido-6-oxohexyl) isoellipticinium bromide 30 

This was synthesised following the procedure described for 27 from 5,11-dimethyl-10H-

pyrido[3,4-b]carbazol-7-ol 7 (137 mg, 0.522 mmol) and 6-bromo-N-(methylsulfonyl) 

hexanamide (157 mg, 0.577 mmol) in dimethylformamide (5 mL) to give the product as a red 

solid (145 mg, 52.1%).  mp: 238 – 240 C; vmax/cm
-1

 (KBr): 3177 (broad, OH & NH), 2931 

(asymm. CH2 stretch), 2862 (symm. CH2 stretch), 1708 (C=O), 1651 (C=C arom.), 1593 

(C=C arom.), 1493, 1439, 1415, 1382, 1325 (asymm. SO2 stretch), 1222 (C-O), 1156, 1113 

(symm. SO2 stretch); δH (400 MHz, DMSO-d6): 1.31 – 1.39 [2H, m, C(3)H2], 1.58 – 1.65 

[2H, m, C(4)H2], 2.01 – 2.09 [2H, m, C(2)H2], 2.31 [2H, t, J 7.2, C(5)H2], 3.01 [3H, s, 
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C(11)CH3], 3.16 [3H, s, C(5)CH3], 3.21 (3H, s, SO2CH3), 4.78 [2H, t, J 7.4, C(1)H2], 7.23 

[1H, dd, J 8.7, 2.2, C(8)H], 7.53 [1H, d, J 8.7, C(9)H], 7.82 [1H, d, J 2.1, C(6)H], 8.53 [1H, 

dd, J 7.3, 0.4, C(3)H], 8.77 [1H, d, J 7.1, C(4)H], 9.38 [1H, s, C(7)OH], 10.04 [1H, s, C(1)H], 

11.69 (1H, br s, CONHSO2), 11.73 [1H, s, N(10)H]; δC (75.5 MHz, DMSO-d6): 12.4 [CH3, 

C(11)CH3], 14.6 [CH3, C(5)CH3], 23.5 (CH2), 25.0 (CH2), 30.6 (CH2), 35.1 (CH2), 41.0 (CH3, 

SO2CH3) 59.6 [CH2, C(1)H2], 109.5 (CH, aromatic CH), 112.0 (CH, aromatic CH), 115.4 (C, 

aromatic C), 119.2 (CH, aromatic CH), 122.2 (C, aromatic C), 122.4 (CH, aromatic CH), 

123.5 (C, aromatic C), 126.3 (C, aromatic C), 127.5 (C, aromatic C), 128.3 (CH, aromatic 

CH), 130.0 (C, aromatic C), 137.7 (C, aromatic C), 140.4 (C, aromatic C), 145.8 (CH, 

aromatic CH), 151.3 (C, aromatic C), 172.4 (C, CONH); m/z (ESI
+
): 454 [(M)

+
 100%]; 

HRMS (ESI
+
): Exact mass calculated for C24H29N3O4S

+
 454.1801. Found 454.1783. 

 

Note: Despite through drying at 0.1 mmHg (min. 48 h, max. 7 days), several of the 7-formyl 

and 7-hydroxy isoellipticinium salts contain traces of dimethylformamide. DMF signals in 
1
H 

& 
13

C NMR spectra: 
1
H: 2.73 (s), 2.89 (s), 7.95 (s); 

13
C: 30.7, 35.7, 162.3 ppm.  
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5,11-Dimethyl-10H-pyrido[3,4-b]carbazole-7-carbaldehyde 6 (
1
H NMR spectrum in DMSO-d6 at 600 MHz) 
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5,11-Dimethyl-10H-pyrido[3,4-b]carbazole-7-carbaldehyde 6 (
13

C NMR spectrum in DMSO-d6 at 150.9 MHz) 
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5,11-Dimethyl-10H-pyrido[3,4-b]carbazol-7-ol 7 (
1
H NMR spectrum in DMSO-d6 at 300 MHz) 
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5,11-Dimethyl-10H-pyrido[3,4-b]carbazol-7-ol 7 (
13

C NMR spectrum in DMSO-d6 at 75.5 MHz) 
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2-(5-Methoxy-1-(phenylsulfonyl)-1H-indole-2-carbonyl)benzoic acid 11 (
1
H NMR spectrum in DMSO-d6 at 300 MHz) 
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2-(5-Methoxy-1-(phenylsulfonyl)-1H-indole-2-carbonyl)benzoic acid 11 (
13

C NMR spectrum in DMSO-d6 at 75.5 MHz) 
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2-(5-Methoxy-1H-indole-2-carbonyl)benzoic acid 12 (
1
H NMR spectrum in DMSO-d6 at 400 MHz) 
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2-(5-Methoxy-1H-indole-2-carbonyl)benzoic acid 12 (
13

C NMR spectrum in DMSO-d6 at 75.5 MHz) 
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2-Methoxyindolo[1,2-b]isoquinoline-6,11-dione 13 (
1
H NMR spectrum in DMSO-d6 at 300 MHz) 
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2-Methoxyindolo[1,2-b]isoquinoline-6,11-dione 13 (
13

C NMR spectrum in DMSO-d6 at 75.5 MHz) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012



 19 

2-Methoxy-6,11-dimethyl-5H-benzo[b]carbazole 14 (
1
H NMR spectrum in DMSO-d6 at 300 MHz) 
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2-Methoxy-6,11-dimethyl-5H-benzo[b]carbazole 14 (
13

C NMR spectrum in DMSO-d6 at 75.5 MHz) 
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6,11-Dimethyl-5H-benzo[b]carbazol-2-ol 9 (
1
H NMR water suppression in DMSO-d6 at 300 MHz) 
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6,11-Dimethyl-5H-benzo[b]carbazol-2-ol 9 (
13

C NMR spectrum in DMSO-d6 at 75.5 MHz) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012



 23 

2-Methylisoellpticinium iodide 16 (
1
H NMR spectrum in DMSO-d6 at 400 MHz) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012



 24 

2-Methylisoellpticinium iodide 16 (
13

C NMR spectrum in DMSO-d6 at 150.9 MHz) 
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2-(3'-Cyanopropyl)isoellipticinium chloride 17 (
1
H NMR spectrum in DMSO-d6 at 300 MHz) 
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2-(3'-Cyanopropyl)isoellipticinium chloride 17 (
13

C NMR spectrum in DMSO-d6 at 75.5 MHz) 
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2-(4'-Cyanobutyl)isoellipticinium chloride 18 (
1
H NMR spectrum in DMSO-d6 at 300 MHz) 
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2-(4'-Cyanobutyl)isoellipticinium chloride 18 (
13

C NMR spectrum in DMSO-d6 at 75.5 MHz) 
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2-(5'-Cyanopentyl)isoellipticinium bromide 19 (water suppression in DMSO-d6 at 300 MHz) 
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2-(5'-Cyanopentyl)isoellipticinium bromide 19 (
13

C NMR spectrum in DMSO-d6 at 75.5 MHz) 
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2-(5'-Carboxypentyl)isoellipticinium bromide 20 (1H NMR spectrum in DMSO-d6 at 300 MHz) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012



 32 

2-(5'-Carboxypentyl)isoellipticinium bromide 20 (
13

C NMR spectrum in DMSO-d6 at 75.5 MHz) 
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2-(6'-Carboxamidohexyl)isoellipticinium bromide 21 (
1
H NMR spectrum in DMSO-d6 at 300 MHz) 
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2-(6'-Carboxamidohexyl)isoellipticinium bromide 21 (
13

C NMR spectrum in DMSO-d6 at 75.5 MHz) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012



 35 

N
2
-(6'-Methylsulfonamido-6'-oxohexyl)isoellipticinium bromide 22 (

1
H NMR spectrum in DMSO-d6 at 300 MHz) 
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N
2
-(6'-Methylsulfonamido-6'-oxohexyl)isoellipticinium bromide 22 (

13
C NMR spectrum in DMSO-d6 at 75.5 MHz) 
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2-(5'-Carboxypentyl)-7-formylisoellipticinium bromide 23 (
1
H NMR spectrum in DMSO-d6 at 300 MHz, with trace DMF) 
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2-(5'-Carboxypentyl)-7-formylisoellipticinium bromide 23 (
13

C NMR spectrum in DMSO-d6 at 75.5 MHz, with trace DMF) 
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2-(5'-Cyanopentyl)-7-formylisoellipticinium bromide 24 (
1
H NMR spectrum in DMSO-d6 at 300 MHz) 
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2-(5'-Cyanopentyl)-7-formylisoellipticinium bromide 24 [
13

C NMR spectrum in DMSO-d6 at 150.9 MHz, with trace dimethyl sulfoxide (undeuterated) 

at 40.5 ppm] 
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2-(6'-Carboxamidohexyl)-7-formylisoellipticinium bromide 25 (
1
H NMR spectrum in DMSO-d6 at 300 MHz) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012



 42 

2-(6'-Carboxamidohexyl)-7-formylisoellipticinium bromide 25 (
13

C NMR spectrum in DMSO-d6 at 75.5 MHz) 
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7-Formyl-N
2
-(6'-methylsulfonamido-6'-oxohexyl)isoellipticinium bromide 26 (

1
H NMR spectrum in DMSO-d6 at 300 MHz) 
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7-Formyl-N
2
-(6'-methylsulfonamido-6'-oxohexyl)isoellipticinium bromide 26 (

13
C NMR spectrum in DMSO-d6 at 75.5 MHz) 
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2-(5'-Carboxypentyl)-7-hydroxyisoellipticinium bromide 27 (
1
H NMR spectrum in DMSO-d6 at 300 MHz) 
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2-(5'-Carboxypentyl)-7-hydroxyisoellipticinium bromide 27 (
13

C NMR spectrum in DMSO-d6 at 75.5 MHz) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012



 47 

2-(5'-Cyanopentyl)-7-hydroxyisoellipticinium bromide 28 (
1
H NMR spectrum in DMSO-d6 at 400 MHz) 
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2-(5'-Cyanopentyl)-7-hydroxyisoellipticinium bromide 28 (
13

C NMR spectrum in DMSO-d6 at 75.5 MHz) 
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2-(6'-Carboxamidohexyl)-7-hydroxyisoellipticinium bromide 29 (
1
H NMR spectrum in DMSO-d6 at 400 MHz) 
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2-(6'-Carboxamidohexyl)-7-hydroxyisoellipticinium bromide 29 (
13

C NMR spectrum in DMSO-d6 at 75.5 MHz) 
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7-Hydroxy-N
2
-(6'-methylsulfonamido-6-oxohexyl)isoellipticinium bromide 30 (

1
H NMR in DMSO-d6 at 400 MHz) 
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7-Hydroxy-N
2
-(6'-methylsulfonamido-6-oxohexyl)isoellipticinium bromide 30 (

13
C NMR in DMSO-d6 at 75.5 MHz) 
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3. HPLC 

5,11-Dimethyl-10H-pyrido[3,4-b]carbazole-7-carbaldehyde 6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
5,11-Dimethyl-10H-pyrido[3,4-b]carbazol-7-ol 7 
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6,11-Dimethyl-5H-benzo[b]carbazol-2-ol 9 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
2-Methoxy-6,11-dimethyl-5H-benzo[b]carbazole 14 
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2-Methylisoellipticinium iodide 16 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
2-(3'-Cyanopropyl)isoellipticinium chloride 17 
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2-(4'-Cyanobutyl)isoellipticinium chloride 18 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
2-(5'-Cyanopentyl)isoellipticinium bromide 19 
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2-(5'-Carboxypentyl)isoellipticinium bromide 20 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
2-(6'-Carboxamidohexyl)isoellipticinium bromide 21 
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N
2
-(6'-Methylsulfonamido-6'-oxohexyl)isoellipticinium bromide 22 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
2-(5'-Carboxypentyl)-7-formylisoellipticinium bromide 23 
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2-(5'-Cyanopentyl)-7-formylisoellipticinium bromide 24 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
2-(6'-Carboxamidohexyl)-7-formylisoellipticinium bromide 25 
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7-Formyl-N
2
-(6'-methylsulfonamido-6'-oxohexyl) isoellipticinium bromide 26 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
2-(5'-Carboxypentyl)-7-hydroxyisoellipticinium bromide 27 
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2-(5'-Cyanopentyl)-7-hydroxyisoellipticinium bromide 28 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
2-(6'-Carboxamidohexyl)-7-hydroxyisoellipticinium bromide 29 
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7-Hydroxy-N
2
-(6'-methylsulfonamido-6-oxohexyl) isoellipticinium bromide 30 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LCMS conditions: Samples were analysed for purity via LCMS using a Waters Alliance 2695 

HPLC, Waters 996 photodiode array detector and a Waters LCT Premier TOF mass spectrometer. 

The samples were injected onto a Waters Atlantis T3 column (150 x 4.6mm, 5um particle size) 

using acetonitrile (+0.1% HCOOH) and water (+0.1% HCOOH) as mobile phase over a 10 minute 

run time at a flow rate of 1 mL/min. The HPLC conditions are as follows: Method A (gradient 

method) 0mins 10% ACN, 7mins 90% ACN, 9mins 90% ACN, 10mins 10% ACN ; Method B 

(isocratic method) 100% ACN. Method B was used for samples 9 and 14 with method A used for 

the others. 
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4. NCI 60-cell line screen: single-dose data  

 

Compound 

number 
R

1 
R

2 
X NSC No.

†
 

5 H - -  

6 CHO - - 754620 

7 OH - - 754619 

8 OMe - -  

16 H Me I 754621 

17 H C3H6CN Cl  

18 H C4H8CN Cl  

19 H C5H10CN Br 754623 

20 H C5H10COOH Br 754622 

21 H C5H10CONH2 Br 754624 

22 H C5H10CONHSO2CH3 Br  

23 CHO C5H10COOH Br 762135 

24 CHO C5H10CN Br 762136 

25 CHO C5H10CONH2 Br 762137 

26 CHO C5H10CONHSO2CH3 Br 762138 

27 OH C5H10COOH Br  

28 OH C5H10CN Br 762117 

29 OH C5H10CONH2 Br 762118 

30 OH C5H10CONHSO2CH3 Br 762119 
†
NCI number in green = single dose and five dose data available, NCI no. in blue = single dose only.  
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5,11-Dimethyl-10H-pyrido[3,4-b]carbazole-7-carbaldehyde 6 
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5,11-Dimethyl-10H-pyrido[3,4-b]carbazol-7-ol 7 
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2-Methylisoellpticinium iodide 16 
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2-(5'-Cyanopentyl)isoellipticinium bromide 19 
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2-(5'-Carboxypentyl)isoellipticinium bromide 20 
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2-(6'-Carboxamidohexyl)isoellipticinium bromide 21 
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2-(5'-Carboxypentyl)-7-formylisoellipticinium bromide 23 
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2-(5'-Cyanopentyl)-7-formylisoellipticinium bromide 24 
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2-(6'-Carboxamidohexyl)-7-formylisoellipticinium bromide 25 
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7-Formyl-N
2
-(6'-methylsulfonamido-6'-oxohexyl)isoellipticinium bromide 26 
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2-(5'-Cyanopentyl)-7-hydroxyisoellipticinium bromide 28 
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2-(6'-Carboxamidohexyl)-7-hydroxyisoellipticinium bromide 29 
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7-Hydroxy-N
2
-(6'-methylsulfonamido-6-oxohexyl)isoellipticinium bromide 30 
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5. NCI 60- cell line screen: five-dose data 

 

5,11-Dimethyl-10H-pyrido[3,4-b]carbazole-7-carbaldehyde 6 
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5,11-Dimethyl-10H-pyrido[3,4-b]carbazole-7-carbaldehyde 6 
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5,11-Dimethyl-10H-pyrido[3,4-b]carbazol-7-ol 7 
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5,11-Dimethyl-10H-pyrido[3,4-b]carbazol-7-ol 7 
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2-Methylisoellpticinium iodide 16 
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Methylisoellpticinium iodide 16 

 

 

 

 

 

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012



 83 

2-(5'-Cyanopentyl)isoellipticinium bromide 19 
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2-(5'-Cyanopentyl)isoellipticinium bromide 19 

 

 

 

 

 

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012



 85 

6. Topoisomerase II assay gels 

A-ring substituted ellipticines and analogues 

µM:         100   10    1   100   10    1    100   10    1   100   10    1    100   10    1   100   10    1     

  A     B     1     2      3     4      5      6     7     8      9    10    11   12    13   14   15    16   17   18 

 

Lane 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

No. 9 9 9 7 7 7 4 4 4    6 6 6 15 15 15 

Activity    +   + +     + +  +   

Figure 1 

A, positive control = kDNA +ATP + Topo II; B, negative control = kDNA +ATP + Topo II + 100 µM ellipticine 

C = dilution solvent / blank. Inhibitory activity: (-) = not active against topo II; (+) = topo II inhibition. 

 

Isollipticinium salts – 100 µM 

   A     B      1       2      3      4      5      6       7      8      9     10     11    12    13     14    15    16 

 

Lane 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

No. 6 C 16 C 20 C 19 21 22 23 24 25 26 27 28 29 

Activity +      + + +  +    + + 

Figure 2 

Note: 7-Hydroxy-N
2
-(6'-methylsulfonamido-6-oxohexyl)isoellipticinium bromide 30 was tested in a separate gel with 

unrelated compounds and displayed no inhibition of topo II. 
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Isoellipticinium salts – 3-fold dilution 

µM:            100    10      1    100     10      1     100    10     1     100   10      1     100    10      1  

   A      B      1       2       3      4       5       6       7       8      9      10    11     12     13     14     15  

 

Lane 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

No. 5 5 5 20 20 20 19 19 19 21 21 21 22 22 22 

Activity       +   + +     

Figure 3 

 

7-Formyl and 7-Hydroxy Isoellipticinium salts – 3-fold dilution 

µM:            100    10      1    100     10      1     100    10     1     100   10      1     100    10      1  

   A      B       1       2      3      4       5       6       7       8      9      10    11     12     13     14     15  

 

Lane 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

No. 6 6 6 23 23 23 24 24 24 28 28 28 29 29 29 

Activity + +  +   + +  +   +   

Figure 4 
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