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Ten bis-b-carboline 1, 2 and bis-3,4-dihydro-b-carboline
3, 4 derivatives, linked between carbons 1 and 10 by a
polymethylene spacer, were synthesized from bis-
tryptamine amides 9, 10. Some of them display a
micromolar IC50 towards L-1210 cells.
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INTRODUCTION

In continuation of our work toward potential anti-
cancer molecules,1 we intended to apply our indole
chemistry to the synthesis of bis-b-carbolines
linked between C(1) and C(10) by a polymethylene
spacer, following the successful approach that
had led to bis-naphthamides,2 bis-imidazoacridones,
bis-anthrapyrazoles,3,4 bis-pyridocarbazoles,5 pyrro-
lobenzodiazepines (PBD),6 – 8 and bis-acridinecar-
boxamides.9 Some of these derivatives are reported
to be mixed topoisomerase I and II inhibitors.10 The
nature of their interaction with DNA is not fully
understood, though polyintercalation was some-
times suggested11 as a possible mechanism. Recently,
several bis-b-carboline-3-carboxamides have proved
to be intercalating agents, one of them having
micromolar-range activity on two cancer cell lines.12

This approach could seem reminiscent of
Porthoghese’s “message-address” concept.13 It has
been recently exemplified in the fields of acetylchol-
inesterase inhibitors,14 – 16 antimalarials,17 and vita-
min D.18

It should be noted that unlike what Porthoghese’s
hypothesis states, monomers do not need to have a
significant biological activity, as it was recently
observed for bis-catechol inhibitors of HIV-1 inte-
grase.19

This paper deals with the preparation of some bis-
b-carbolines 1, 2 and bis-3,4-dihydro-b-carbolines 3,
4 and their cytoxicity activities towards experimental
L-1210 cells.

MATERIALS AND METHODS

Chemistry

Melting points, determined on a Reichert hot plate
apparatus, are uncorrected. IR spectra were recorded
on a BOMEM FTIR apparatus with COSMIC
interferometer. UV spectra (in MeOH) were recorded
on a Unicam 8700 spectrometer. 1H- and 13C-NMR
spectra, using TMS as internal standard, were
measured on a Bruker AC 300 apparatus at 300 and
75 MHz, respectively. MS spectra were obtained on a
VG Autospec (Fisons) spectrometer.

Acylation of Tryptamine or 5-methoxytryptamine by
Dichlorides 7 (Y 5 Cl)

General procedure starting from tryptamine: To a
solution of tryptamine 5 (13.2 mmol) and triethyla-
mine (13.2 mmol) in CH2Cl2 was added dropwise
dichloride 7 (6.6 mmol). The reaction mixture was
stirred at room temperature under nitrogen for
3–4 h, then poured into ice-water (100 ml), the white
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precipitate was filtered off, washed with water and
CH2Cl2 and dried to afford diamide 9.

General procedure starting from 5-methoxytryp-
tamine: To a cold solution of 5-methoxytryptamine
chlorhydrate 6 (1.28 mmol) in water (3–4 ml) and
CH2Cl2 (25 ml) was added dropwise (30 min) an
aqueous (10 ml) solution of NaOH (6.6 mmol) and
dichloride 7 (0.77 mmol). Stirring was maintained for
4–5 h, then the reaction mixture was diluted with
CH2Cl2. The separated organic layer was washed
with water ð2 £ 30 mlÞ; brine (30 ml), dried and
evaporated to dryness affording diamide 10.

1,6-Hexanedioic acid bis-(tryptamin-Nb-yl)-amide
(9a). Yield: 69%; m.p.: 1888C; IR (KBr) n 3399, 3256,
2944, 1653, 1630, 1560 cm21; UVlmax

290, 283, 274, 221,
206 nm; 1H NMR (DMSO-d6) d 10.83 (s, 2H, NHind),
7.91 (brs, 2H, NH), 7.02–7.56 (m, 10H, ArH), 3.35 (m,
4H, –CH2NH–), 2.86 (t, J ¼ 7.4, 4H, –CH2–;), 2.10
(m, 4H, –CH2CO–), 1.54 (m, 4H, –CH2–); 13C NMR
(DMSO-d6) d 172.1 (CO), 136.5 (C7a), 127.5 (C3a),
122.8 (C2), 121.1 (C6), 118.5 (C4, C5), 112.1 (C3), 111.6
(C7), 39.2 (–CH2NH– ), 35.6 (–CH2CO–), 25.5
(–C H2CH2NH–), 25.3 (–C H2CH2CO–); MS (EIþ)
m/z 431 (Mþ þ 1, 2), 430 (Mþ, 4), 288 (6), 271 (5), 143
(90), 130 (100); HREIMS: calc. for C26H30N4O2

430.2369, found 430.2365.
1,8-Octanedioic acid bis-(tryptamin-Nb-yl)-amide

(9b). Yield: 90%; m.p.: 177–1788C; IR (KBr) n 3397,
3262, 2940, 1655, 1630, 1560 cm21; UVlmax

291, 283,
222, 204 nm; 1H NMR (DMSO-d6) d 10.80 (s, 2H,
NHind), 7.86 (brs, 2H, NH), 6.97–7.54 (m, 10H, ArH),
3.35 (m, 4H, –CH2NH–), 2.87 (t, J ¼ 7.4, 4H,
–CH2CH2NH–), 2.10 (t, J ¼ 7.7, 4H, –CH2CO–),
1.55 (m, 4H, CH2), 1.26 (m, 4H, CH2); 13C NMR
(DMSO-d6) d 172.2 (CO), 136.4 (C7a), 127.4 (C3a),
122.7 (C2), 121.0 (C6), 118.4 (C5), 118.3 (C4), 112.1 (C3),
111.5 (C7), 39.6 (–CH2NH–), 35.7 (–C H2CO–), 28.7
(–CH2CH2NH–), 25.4 ð2 £ CH2Þ; MS(EIþ) m/z 458
(Mþ, 14), 316 (16), 299 (11), 143 (100); HREIMS: calc.
for C28H34N4O2 458.2682, found 458.2672.

1,12-Dodecanedioic acid bis-(tryptamin-Nb-yl)-
amide (9c) Yield: 82%; amorphous. IR (KBr) n 3398,
3267, 2916, 1655, 1632, 1570 cm21; UVlmax

290, 283,
274, 223, 207 nm; 1H NMR (DMSO-d6) d 10.83 (s, 2H,
NHind), 7.93 (brs, 2H, NH), 7.08–7.57 (m, 10H, ArH),
3.35 (m, 4H, –CH2NH–), 2.85 (t, J ¼ 7.5, 4H,
–CH2CH2NH–), 2.08 (m, 4H, –CH2CO–), 1.52 (m,
4H, –CH2–), 1.22 (m, 8H, –CH2–); 13C NMR
(DMSO-d6) d 172.3 (CO), 136.5 (C7a), 127.5 (C3a),
122.8 (C2), 121.1 (C6), 118.4 (C4, C5), 112.2 (C3), 111.6
(C7), 39.5 (–CH2NH–), 35.8 (–C H2CO–), 29.0 ð3 £

CH2Þ; 25.6 ð2 £ CH2Þ; MS (EIþ) m/z 514 (Mþ, 5), 372
(31), 355 (10), 229 (21), 212 (13), 143 (100); HREIMS:
calc. for C32H42N4O2 514.3308, found 514.3307;

1,6-Hexanedioic acid bis-(5-methoxytryptamin-
Nb-yl)-amide (10a) Yield: 96%; amorphous; IR (KBr)
n 3408, 3290, 2933, 1651, 1634, 1530 cm21; UVlmax

309,
297, 278, 222 nm; 1H NMR (CDCl3) d 8.27

(s, 2H, NHind), 6.84–7.24 (m, 8H, ArH), 5.74
(brs, 2H, NH), 3.83 (s, 6H, OCH3), 3.57 (m, 4H,
–CH2NH–), 2.92 (t, J ¼ 7.3, 4H, –CH2CH2NH–), 2.05
(m, 4H, –CH2CO–), 1.52 (m, 4H, –CH2–); 13C NMR
(CDCl3) d 172.9 (CO), 154.0 (C5), 131.6 (C7a),
127.7 (C3a), 123.0 (C2), 112.5 (C3), 112.2 (C7),
112.0 (C4), 100.6 (C6), 56.0 (OCH3), 39.5 (–CH2NH–),
36.2 ( – CH2CO – ), 25.0 ( – C H2CH2NH – ), 25.2
(–C H2CH2CO–); MS (EIþ) m/z 490 (Mþ, 17), 318
(21), 301 (16), 173 (100); HREIMS: calc. for
C28H34N4O4 490.2580, found 490.2584.

1,8-Octanedioic acid bis-(5-methoxytryptamin-
Nb-yl)-amide (10b) Yield: 97%; amorphous; IR
(KBr) n 3394, 3296, 2934, 1643,1531 cm21; UVlmax

310, 298, 278, 223 nm; 1H NMR (CDCl3) d 8.56 (s,
2H, NHind), 6.86–7.25 (m, 8H, ArH), 5.60 (brs, 2H,
NH), 3.85 (s, 6H, OCH3), 3.61 (m, 4H, –CH2NH–),
2.96 (t, J ¼ 7.2, 4H, –CH2CH2NH–), 2.06 (m, 4H,
–CH2CO–), 1.52 (m, 4H, –CH2–),1.18 (m, 4H,
– CH2 – ); 13C NMR (CDCl3) d 172.9 (CO),
153.9 (C5), 131.7 (C7a), 127.6 (C3a), 123.1 (C2),
112.1 (C4), 112.0 (C3), 111.9 (C7), 100.5 (C6), 55.9
(OCH3), 39.5 (–CH2NH–), 36.4 (–CH2CO–), 28.5
( – C H2CH2CO – ), 25.4 ( – C H2CH2NH – ), 25.1
(CH2); MS (EIþ) m/z 518 (Mþ, 16), 346 (17), 227
(6), 214 (17), 173 (100); HREIMS: calc. for
C30H38N4O4 518.2893, found 518.2912.

1,12-Dodecanedioic acid bis-(5-methoxytrypta-
min-Nb-yl)-amide (10c) Yield: 96%; amorphous; IR
(KBr) n 3387, 3291, 2926, 1651, 1485 cm21; UVlmax

310,
297, 279, 221 nm; 1H NMR (CDCl3) d 8.55 (s, 2H,
NHind), 6.86–7.27 (m, 8H, ArH), 5.80 (brs, 2H, NH),
3.84 (s, 6H, OCH3), 3.57 (m, 4H, –CH2NH–), 2.93
(t, J ¼ 7.5, 4H, – CH2CH2NH – ), 2.11 (m, 4H,
–CH2CO–), 1.56 (m, 4H, –CH2–),1.22 (m, 8H,
– CH2 – ); 13C NMR (CDCl3) d 173.9 (CO),
153.5 (C5), 131.6 (C7a), 127.4 (C3a), 123.0 (C2), 112.0
(C4), 111.8 (C3), 111.7 (C7), 100.2 (C6), 55.7
(OCH3), 39.6 (–CH2NH–), 36.4 (–CH2CO–), 29.0
(–CH2CH2CO–), 28.9 (CH2), 28.8 (CH2), 25.5 (CH2),
25.0 (–C H2CH2NH–); MS (EIþ) m/z 574 (Mþ, 3), 402
(4), 386 (1), 173 (100); HREIMS: calc. for C34H46N4O4

574.3519, found 574.3509.

Bischler–Napieralsky Cyclization of Diamides 9, 10

General procedure: A mixture of diamide 9 or 10
(2.5 mmol) and freshly distilled POCl3 (10 ml) was
refluxed under nitrogen for 10 min, then cooled and
stirring was maintained at room temperature for
24 h. After evaporation of POCl3 the residue was
treated with ice-water (100 ml), CH2Cl2 (200 ml) was
added, the mixture was adjusted to pH 14 with
NaOH (10%), and stirred for 3 h. After separation the
organic layer was washed with water ð2 £ 50 mlÞ and
saturated NaCl solution ð2 £ 50 mlÞ; dried (MgSO4),
filtered and finally evaporated to dryness to afford
dihydro-b-carbolines 3 or 4.

W.-Q. JIANG et al.370
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1-[1-(3,4-Dihydro-b-carbolin-1-yl)-but-4-yl]-3,4-
dihydro-b-carboline (3a). Yield: 81%; m.p.: 1888C
(dec.); IR (KBr) n 3420, 3067, 2942, 1641 cm21; UVlmax

349, 325, 318, 240, 227, 204 nm; 1H NMR (CDCl3 þ

CD3OD) d 7.15–7.56 (m, 8H, ArH), 3.80 (t, J ¼ 7.7,
4H, –CH2N ¼ ), 2.82 (t, J ¼ 7.7, 4H, –CH2CH2N ¼ ),
2.71 (m, 4H, CH2chain

), 1.73 (m, 4H, CH2chain
); 13C NMR

(CDCl3 þ CD3OD) d 163.1 (C1), 137.4 (C8a), 128.3
(C9a), 124.9 (C4b), 124.4 (C7), 119.8 (C5), 119.7 (C6),
116.7 (C4a), 112.2(C8), 47.3 (C3), 34.1 (C10), 26.2 (C20)*,
19.1 (C4)*; (*indicates interchangeable signals in the
whole paper) MS (EIþ) m/z 394 (Mþ, 9), 364 (11), 350
(44), 210 (100), 197 (41), 182 (17); HREIMS: calc. for
C26H26N4 394.2157, found 394.2152.

1-[1-(3,4-Dihydro-b-carbolin-1-yl)-hex-6-yl]-3,4-
dihydro-b-carboline (3b). Yield: 92%; m.p.: 1468C; IR
(KBr) n 3135, 3063, 2932, 1601, 1547 cm21; UVlmax

349,
318, 240, 228, 207 nm; 1H NMR (CDCl3) d 10.35 (brs,
2H, NHind), 7.12–7.57 (m, 8H, ArH), 3.85 (t, J ¼ 7.8,
4H, –CH2N ¼ ), 2.85 (t, J ¼ 7.7, 4H, –CH2CH2N ¼ ),
2.68 (t, J ¼ 7.6, 4H, CH2chain

), 1.69 (m, 4H, CH2chain
), 1.37

(m, 4H, CH2chain
); 13C NMR (CDCl3) d 162.2 (C1), 137.2

(C8a), 129.0 (C9a), 125.4 (C4b), 124.2 (C7), 120.0 (C6),
119.9 (C5), 116.7 (C4a), 112.2 (C8), 47.8 (C3), 34.7 (C10),
28.0 (C20), 26.0 (C30)*, 19.5 (C4)*; MS (EIþ) m/z 422 (Mþ,
100), 278 (24), 237 (37), 195 (71), 155 (56); HREIMS:
calc. for C28H30N4 422.2470, found 422.2461.

1-[1-(3,4-Dihydro-b-carbolin-1-yl)-dec-10-yl]-3,4-
dihydro-b-carboline (3c). Yield: 35%; m.p.: 1348C; IR
(KBr) n 3360, 3235, 2930, 1609, 1551 cm21; UVlmax

349,
318, 242, 227, 207 nm; 1H NMR (CDCl3 þ CD3OD) d
10.1 (brs, 2H, NHind), 7.22–7.67 (m, 8H, ArH), 3.98
(t, J ¼ 7.7, 4H, –CH2N ¼ ), 3.27 (t, J ¼ 7.7, 4H, –
CH2CH2N ¼ ), 3.14 (t, J ¼ 7.5, 4H, CH2chain

), 1.83 (m,
4H, CH2chain

),1.48 (m, 4H, CH2chain
), 1.33 (m, 8H,

CH2chain
); 13C NMR (CDCl3 þ CD3OD) d 169.9 (C1),

141.5 (C8a), 128.9 (C9a), 124.8 (C7), 124.3 (C4b), 123.8
(C4a), 121.5 (C6), 121.0 (C5), 113.1 (C8), 41.7 (C3), 32.1
(C10), 28.4 (C20), 28.3 (C30), 28.2 (C40), 27.3 (C50), 18.3
(C4); MS (EIþ) m/z 478 (Mþ, 63), 197 (53), 184 (100);
HREIMS: calc. for C32H38N4 478.3096, found
478.3095.

1-[1-(6-Methoxy-3,4-dihydro-b-carbolin-1-yl)-but-
4-yl]-6-methoxy-3,4-dihydro-b-carboline (4a). Yield:
73%; m.p.: 2128C; IR (KBr) n 3186, 2940, 1605,
1547 cm21; UVlmax

372, 328, 315, 205 nm; 1H NMR
(CDCl3 þ CD3OD) d 6.93–7.37 (m, 6H, ArH), 3.83
(s, 6H, OCH3), 3.78 (t, J ¼ 7.5, 4H, –CH2N ¼ ), 2.85
(t, J ¼ 7.5, 4H, –CH2CH2N ¼ ), 2.66 (m, 4H, CH2chain

),
1.83 (m, 4H, CH2chain

); 13C NMR (CDCl3 þ CD3OD) d
164.0 (C1), 154.4 (C6), 133.7 (C8a), 128.9 (C9a), 125.3
(C4b), 117.2 (C4a), 116.7 (C7), 113.7 (C8), 55.9 (OCH3),
47.0 (C3), 26.7 (C10), 19.5 (C20)*, 19.4 (C4)*; MS (EIþ)
m/z 454 (Mþ, 8), 410 17), 240 (100), 227 (36); HREIMS:
calc. for C28H30N4O2 454.2369, found 454.2368.

1-[1-(6-Methoxy-3,4-dihydro-b-carbolin-1-yl)-hex-
6-yl]-6-methoxy-3,4-dihydro-b-carboline (4b). Yield:
73.3%; m.p.: 2078C; IR (KBr) n 2930, 1605, 1547 cm21;

UVlmax
362, 328, 232, 212 nm; 1H NMR (CDCl3 þ

CD3OD) d 6.91–7.40 (m, 6H, ArH), 3.84 (s, 6H,
OCH3), 3.79 (t, J ¼ 7.6, 4H, –CH2N ¼ ), 2.90 (t,
J ¼ 7.6, 4H, –CH2CH2N ¼ ), 1.68 (m, 4H, CH2chain

),
1.44 (m, 4H, CH2chain

), 1.26 (m, 4H, CH2chain
); 13C NMR

(CDCl3 þ CD3OD) d 165.2 (C1), 154.3 (C6), 134.2
(C8a), 127.8 (C9a), 124.8 (C4b), 118.1 (C4a), 117.5 (C7),
113.7 (C8), 99.9 (C5), 55.5 (OCH3), 45.5 (C3), 29.5(C10),
27.7 (C20), 26.8 (C30)*, 19.2 (C4)*; MS (EIþ) m/z 482 (Mþ,
37), 310 (11), 293 (8), 281 (12), 267 (28), 253 (11), 241
(23), 227 (57); HREIMS: calc. for C30H34N4O2

482.2682, found 482.2685.
1-[1-(6-Methoxy-3,4-dihydro-b-carbolin-1-yl)-dec-

10-yl]-6-methoxy-3,4-dihydro-b-carboline (4c) Yield:
28%; m.p.: 1248C; IR (KBr) n 3403, 3288, 2926, 1651,
1537 cm21; UVlmax

392, 328, 234, 212 nm; 1H NMR
(CDCl3 þ CD3OD) d 6.97–7.33 (m, 6H, ArH), 3.88 (t,
J ¼ 7.6, 4H, –CH2N ¼ ), 3.86 (s, 6H, OCH3), 2.83 (t,
J ¼ 7.6, 4H, –CH2CH2N ¼ ), 2.65 (t, J ¼ 7.5, 4H,
CH2chain

), 1.63 (m, 4H, CH2chain
), 1.34 (m, 8H, CH2chain

),
1.26 (m, 4H, CH2chain

); 13C NMR (CDCl3 þ CD3OD) d
163.5 (C1), 153.9 (C6)C6), 132.7 (C8a), 128.7 (C9a), 124.9
(C4b), 116.5 (C4a), 115.8 (C7), 113.0 (C8), 100.1 (C5), 55.5
(OCH3), 46.8 (C3), 29.4(C10), 28.9 (C20), 28.9 (C30), 27.2
(C40), 27.1 (C50), 19.1 (C4); MS (EIþ) m/z 538 (Mþ, 37),
344 (38), 227 (36), 214 (100); HREIMS: calc. for
C34H42N4O2 538.3308, found 538.3313.

Preparation of 1,10-bis-b-carbolines 1, 2

General procedure for aromatization of 3, 4. A
mixture of 3,4-dihydro-b-carboline 3 or 4
(0.3 mmol) and 10% Pd catalyst on charcoal
(100 mg) in p-cymene (10 ml) was refluxed under
nitrogen for 6–8 h. At the end of the reaction the
catalyst was filtered off on celite, washed with
CH2Cl2–MeOH ð5 £ 10 mlÞ; and the extracts were
evaporated to dryness under reduced pressure. The
residue was purified by preparative thin layer
chromatography (eluant: CH2Cl2:MeOH:NH4OH
9:1:0.2) to afford the corresponding bis-b-carbolines
1, 2.

1-[1-(b-Carbolin-1-yl)-but-4-yl]-b-carboline (1a)
Yield: 42%; m.p.: 1828C; IR (KBr) n 3256, 3207,
3155, 3067, 2941, 1628 cm21; UVlmax

352, 287, 250,
233 nm; 1H NMR (DMSO-d6) d 11.66 (brs, 2H, NH),
8.25 (d, J ¼ 5.8, 2H, H-3), 8.20 (d, J ¼ 8.1, 2H, H-5),
7.95 (d, J ¼ 5.8, 2H, H-4), 7.62 (d, J ¼ 8.1, 2H, H-8),
7.55 (t, J ¼ 8.1, 2H, H-7), 7.25 (t, J ¼ 8.1, 2H, H-6),
3.22 (m, 4H, CH2chain

), 1.98 (m, 4H, CH2chain
); 13C NMR

(DMSO-d6) d 145.9 (C1), 140.6 (C8a), 137.5 (C3), 134.2
(C9a), 128.0 (C7), 127.4 (C4a), 121.8 (C5), 121.2 (C4b),
119.3 (C6), 112.8 (C4), 112.1 (C8), 33.4 (C10), 28.3 (C20);
MS (EIþ) m/z 390 (Mþ, 54), 208 (97), 195 (100);
HREIMS: calc. for C26H22N4 390.1844, found
390.1829.

1-[1-(b-Carbolin-1-yl)-hex-6-yl]-b-carboline (1b)
Yield: 43%; m.p.: 2288C; IR (KBr) n 3198, 3144, 2933,
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1626, 1566 cm21; UVlmax
351, 336, 289, 251, 240,

234 nm; 1H NMR (DMSO-d6) d 11.36 (brs, 2H, NH),
8.23 (d, J ¼ 5.1, 2H, H-3), 8.03 (d, J ¼ 8.1, 2H, H-5),
7.81 (d, J ¼ 5.1, 2H, H-4), 7.58 (d, J ¼ 8.1, 2H, H-8),
7.42 (t, J ¼ 8.1, 2H, H-7), 7.18 (t, J ¼ 8.1, 2H, H-6), 3.14
(m, 4H, CH2chain

), 1.76 (m, 4H, CH2chain
), 1.25 (m, 4H,

CH2chain
); 13C NMR (DMSO-d6) d 145.5 (C1), 141.6

(C8a), 135.6 (C3), 134.6 (C9a), 129.5 (C4a), 128.7 (C7),
121.7 (C5), 121.3 (C4b), 120.0 (C6), 113.2 (C4), 112.3
(C8), 32.6(C10), 28.0 (C20), 27.8 (C30); MS (EIþ) m/z 418
(Mþ, 31), 237 (58), 209 (27), 195 (77); HREIMS: calc.
for C28H26N4 418.2157, found 418.2100.

1-[1-(b-Carbolin-1-yl)-dec-10-yl]-b-carboline (1c)
Yield: 25%; m.p.: 2188C; IR (KBr) n 3398, 2924, 1626,
1500 cm21; UVlmax

350, 337, 288, 249, 234 nm; 1H
NMR (CDCl3 þ CD3OD) d 10.58 (brs, 2H, NH), 8.25
(d, J ¼ 5.4, 2H, H-3), 8.07 (d, J ¼ 8.1, 2H, H-5), 7.79

(d, J ¼ 5.4, 2H, H-4), 7.54 (d, J ¼ 8.1, 2H, H-8), 7.49
(t, J ¼ 8.1, 2H, H-7), 7.23 (t, J ¼ 8.1, 2H, H-6), 3.12
(m, 4H, CH2chain

), 1.80 (m, 4H, CH2chain
), 1.32 (m, 4H,

CH2chain
), 1.16 (m, 4H, CH2chain

), 1.08 (m, 4H, CH2chain
);

13C NMR (CDCl3 þ CD3OD) d 146.0 (C1), 140.7 (C8a),
137.0 (C3), 134.4 (C9a), 128.6 (C4a), 128.1 (C7), 121.4
(C5), 121.4 (C4b), 119.5 (C6), 112.8 (C4), 111.7 (C8), 33.8
(C10), 29.3 (C20), 29.0 (C30), 28.9 (C40), 28.7 (C50); MS
(EIþ) m/z 474 (Mþ, 14), 293 (34), 195 (38), 182 (100);
HREIMS: calc. for C32H34N4 474.2783, found
474.2793.

1-[1-(6-Methoxy-b-carbolin-1-yl)-dec-10-yl]-6-
methoxy-b-carboline (2c) Yield: 22%; m.p.: 2128C; IR
(KBr) n 3133, 3063, 2928, 1601, 1566 cm21; UVlmax

369,
296, 287, 257, 245, 232 nm; 1H NMR (CDCl3) d 10.19
(brs, 2H, NH), 8.33 (d, J ¼ 5.4, 2H, H-3), 7.81
(d, J ¼ 5.4, 2H, H-4), 7.56 (d, J ¼ 2.7, 2H, H-5), 7.43
(t, J ¼ 8.1, 2H, H-8), 7.17 (dd, J ¼ 8.1 and 2.7, 2H, H-
7), 3.92 (s, 6H, OCH3), 3.12 (m, 4H, CH2chain

), 1.80 (m,
4H, CH2chain

), 1.21 (m, 4H, CH2chain
), 1.04 (m, 4H,

CH2chain
), 0.96 (m, 4H, CH2chain

); MS (EIþ) m/z 534 (Mþ,
28), 323 (48), 225 (41), 212 (100); HREIMS: calc. for
C34H38N4O2 534.3008, found 534.2995.

Biology

L-1210 cells (Murine Leukemia) provided by the
NCI, Frederik, USA were cultivated in RPMI 1640
medium (Gibco) supplemented with 10% fetal calf
serum, 2 mM L-glutamine, 100 units/ml penicillin,
100mg/ml streptomycin, and 10 mM HEPES buffer
(pH ¼ 7.4). Cytoxicity was measured by the micro-
culture tetrazolium assay.20 Cells were exposed to
graded concentrations of the compounds for 48 h
and results expressed as IC50 values (concentration
which reduced by 50% the optical density of treated
cells with respect to untreated controls).

RESULTS AND DISCUSSION

Chemistry

We first investigated the stepwise approach
5 þ 7 ! 8 ! 1, based on two successive Bischler–
Napieralsky (B–N) cyclizations (Scheme 1). This
method turned out to be rather disappointing: for
example, for n ¼ 1, the yield of 8 from tryptamine
did not exceed 24%. Similar difficulties have already
been mentioned by Frost.21

Owing to the problems encountered, we finally
turned back to the use of diamides 9, 10 in a double
B–N cyclization strategy which we had already used
for the synthesis of large-ring bis-indole dilactams.22

We observed that upon heating 9 (X ¼ H) with POCl3
for a short period (5–10 min, t.l.c. monitoring),
dihydro-derivatives 3 (X ¼ H) were obtained in
yields varying from 69 to 97%. Aromatization of 3

SCHEME 1 Synthesis of bis-3,4-dihydro-b-carbolines and bis-b-
carbolines.
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(X ¼ H) was performed with 10% Pd on charcoal in
boiling p-cymene to give 1 (X ¼ H). Isolated product
yields tended to be generally low (25%–43%), due to
tedious chromatographic purifications.

The synthesis of the respective methoxy-substi-
tuted derivatives (X ¼ OMe) proved to be far more
troublesome, as Bischler–Napieralsky ring closure
dramatically depended on the quality of POCl3, and
the yields were generally lower (28–73%) than in the
non-substituted series. Until now aromatization to 2c
has only been performed for n ¼ 10, under the above
mentioned conditions.

Biology

The in vitro cytotoxic potentials were evaluated by
measurement of IC50 values of derivatives 1, 2 and 3,
4 toward leukemic cells (Table I). According to the
tests, the presence of the 6-OMe group did
not improve activity. More surprisingly, aromatic
compounds 1, 2 were in the same range of activities
as 3, 4: this could be attributed to the fact that
protonation of N(2) would be a more important
factor than planarity of the molecule for DNA
binding.

These preliminary results show that our b-carbo-
line pseudo-dimers 1, 2 or 3, 4 are cytotoxic. Work is
in progress in our laboratory to define the nature, the
length and the attachment point of the linker to
obtain better activities.
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