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Summary. The cycloadducts 3, 5, and 7, readily available from methoxy-substituted 3-vinylindoles 
1 and 2, were dehydrogenated with DDQ to the coplanar [a]-anellated carbazoles 4, 6, and 8. 
Compound 4a, also characterized by X-ray structural analysis, shows significant cytotoxicity against 
K562 und RXF393 human tumor cell lines. 
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[a]-Anellierte Carbazole mit Antitumoraktivit~it: Synthese und Cytotoxizitiit 

Zusammenfassung. Die aus den methoxysubstituierten 3-Vinylindolen 1 und 2 zug~nglichen Cycload- 
dukte 3, 5 und 7 lassen sich mit DDQ zu den coplanar-anellierten Carbazolen 4, 6 und 8 dehydrieren. 
Verbindung 4a, die auch durch eine R6ntgenstruktnranalyse charakterisiert wurde, zeigt signifikante 
Cytotoxizit~it gegen Humantumor-Zellinien (K562 und RXF93). 

Introduction 

Due to their antitumor activity, coplanar anellated carbazoles are of general interest 
as intermediates in the development of new chemotherapeutic drugs [1 3]. In this 
field, derivatives of the pyrido [4,3-b] carbazole alkaloid ellipticine, which interca- 
lates with DNA and inhibites topoisomerase II, are used clinically to stop the growth 
of several human tumors [1]. The chemistry of carbazoles and carbazole alkaloids 
has been extensively reviewed by several groups [1, 2, 4-6], and highly selective 
strategies have been reported for the synthesis of this class of compounds [7-12]. 
One principle of these concepts for obtaining selectively functionalized carbazoles 
is the Diels-AIder reaction of vinylindoles with appropriate carbodienophiles as 
a key step [8-12]. In continuation of our studies in the field of pericyclic reactions 
with indole derivatives [11-141, we report on three dehydrogenation reactions of 
the racemic carbazoles 3, 5 and 7, readily available from Diels-Alder reactions of 
3-vinylindoles 1 and 2 with 1,4-naphthoquinone or N-phenylmaleimide. The 
cytotoxicity of the dehydrogenated [a]-anellated carbazoles was studied on the basis 
of growth inhibition tests with some human tumor cell lines. 
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Results and Discussion 

Synthetic Aspects 

We have already described the Diels-Alder reactions of #-methoxy-substituted 
3-vinylindole (1) with 1,4-naphthoquinone and N-phenylmaleimide to generate the 
tetrahydro-carbazoles 3 and 5 [11, 12] as well as the Diels-Alder trapping reaction of 
in situ generated 3-vinylindole (2) with N-phenylmaleimide to produce the trioxo- 
functionalized pyrrolo[a]annellated carbazole 7 [13]. After testing several dehy- 
drogenation catalysts, we found that 2,3-dichloro-5,6-dicyano-l,4-benzoquinone 
(DDQ) seems to be the most appropriate reagent for the direct synthesis of fully 
aromatized carbazoles from partially hydrogenated carbazoles. In toluene (80- 
90 °C; 30 min) the dehydrogenation product 4a is formed as the main component. 

At a higher reaction temperature and with a longer reaction time (111 °C, 12 h), 
methanol elimination occurred additionally, giving rise to compound 4b. In an 
analogous way, the hydrocarbazoles 5 and 7 were oxidized with DDQ in boiling 
toluene, yielding exclusively 14re carbazoles 6 and 8, respectively. 
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Structural Aspects 

The constitutions of the new carbazoles 4, 6 and 8 were unambiguously determined 
by high resolution 1H NMR spectroscopy. In the case of carbazole 4a, an X-ray 
crystal structure analysis was performed (Fig. 1). This provided valuable geometrical 
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Fig. 1. PLUTOplot [17] ofthemol- 
ecutar structure of 4a in the solid 
state. The hydrogen bond is in- 
dicated by a thin line 

information for our molecular modelling studies of carbazole-DNA intercalation 
complexes [15]. There is experimental evidence that the formation of carbazole- 
D N A  complexes is the most biologically relevant principle of the cytotoxicity of this 
class of heterocyclic compounds  [16]. 

In the crystal state, 4a revealed a slightly pyramidalized carbazole nitrogen 
(angle sum around N12 = 342.8 °) which is probably due to sterically demanding 
groups surrounding the nitrogen center. The anthraquinone constituent structure is 
twisted around its long axis. Compound  4a crystallizes with one CHC13 molecule 

o 

bound by a hydrogen bond (O1- -C1L  = 3.145(5) A, see Fig. 1). One chlorine a tom is 
disordered as indicated by the labelling 13A/B in Fig. 1. 

Biological Assay, C ytotoxicity 

The coplanar carbazoles 4, 6 and 8 were submitted to in vitro cytotoxicity tests with 
four human  tumor  cell lines as a primary screening. From these investigations using 
the M T T  assay [20], compound 4a shows significant cell growth inhibition (Table 1, 
ICs0 = 25 ~tM und 30 gM) of chronic myeloid leukemia tumor and kidney tumor  cell 
lines (K562, RXF393). Thus, further structural synthetic variations of the "lead" 4a 
will be performed, and more comprehensive biological studies are under investiga- 
tion. 

Experimental 

1H NMR spectra were recorded at 200 and 400 MHz with Bruker AC 200 and 400 spectrometers. The 
EI (70eV) mass spectra were recorded on a Varian MAT 7 spectrometer. Elemental analysis were 
performed using a Carlo Erba Strumentazione 1106 apparatus. Melting points were measured with an 
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Table 1. Cytotoxicity MTT assay [20] of car- 
bazole 4a; human tumor cell lines: K562 (chronic 
myeloid leukemia), RXF393 (kidney tumor), 
HCTl l6  (colon cancer), SKmet 28 (malignant 
melanoma) 

Tumor cell line ICso a LCso a 

K562 25 - 
RXF393 30 85 
HCT116 > 100 > 100 
SKmel 28 50 60-78 

a iCso: growth inhibitory concentration of car- 
bazole 4a (#M) needed to reduce cell number by 
50%; LCso: lethal concentration of4a (#M) needed 
to kill 50% of cells 

Electrothermal 8200 instrument. Flash chromatograpy was performed on Merck 60 silica gel (particle 
size: 0.040-0.063 mm). The petroleum ether used had the boiling range of 40-60 °C. 

General Procedure for Dehydrogenation of Carbazoles 3, 5, and 7 

The carbazoles 3 [12], 5 [12], and 7 [13] were dissolved in 20 50 ml toluene. Then, 2,3-dichloro-4,6- 
dicyano-1,4-benzoquinone (DDQ) was added and the whole mixture was heated from 80 to 111 °C. For 
more detailed reaction conditions, see below. After cooling the mixture, the volume of the solution was 
doubled and extracted three times with 20 ml portions of a saturated aqueous solution of NaHCO 3. 
Then the organic layer was washed with water until neutral, dried over MgSO4, and concentrated in 
vacuum to a volume of 5 ml. After cooling the solution for 12 h at 2-8 °C, the precipitate was separated, 
purified by flash chromatography and crystallized. 

6-Methoxy-I 2-(phenylsulfonyI ) 12H-naphthoE 2,3-a ycarbazole-5,13-dione(4a) 

From 80mg (0.17mmol) 3 and 100mg (0.44mmol) DDQ; reaction conditions: 20ml toluene, 3h, 
80-90 °C; yield: 41 mg (51%); m.p.: 255 °C (toluene). 1H NMR (200 MHz, DMSO-d6): 6 = 4.07 (s, 3H, 
OCH3), 7.12 7.43 (m, 6H, H-aromat.), 7.57 (pseudo-t, 3j = 7.75 Hz, 1H, C8- or C9-H), 8.05 (mc, 7H, 
H-aromat.)ppm; El-MS: m/z (%)= 467 (30) [M+'],  326 (100), 141 (2); C27H17NOsS (467.5); calcd.: 
C 69.37, H 3.67, N 3.00, S 6.86; found: C 69.40, H 3.86, N 3.11, S 6.85. 

12-(Phenylsuljbnyl)-I 2H-naphthoE2,3-a]carbazole-5,13-dione (4b) 

From 100rag (0.21mmol) 3 and 100rag (0.44retool) DDQ; reaction conditions: 50ml toluene, 12h, 
111 °C; work up: flash chromatography (petroleum ether/ethyl acetate 1:1); yield: 35 mg (39%); m.p.: 
340°C (toluene). 1H NMR (200MHz, CDC13): 6 = 7.17 (pseudo-t, 2H, H-aromat.), 7.34 (mc, 4H, 
H-aromat.), 7.45 (mc, 1H, H-aromat.), 7.80 (mc, 3H, H-aromat.), 8.02 (d, 3j = 8.38 Hz, 1H, H-aromat.), 
8.15 (pseudo-t, ~J=  8.38Hz, 1H, H-aromat.), 8.31 (mc, 2H, H-aromat.), 8.44 (d, 3j = 7.94Hz, 1H, 
H-aromat.) ppm; EI-MS: m/z (%) = 437 (18) [M +'], 296 (100), 141 (13), 104 (10), 78 (11); C26H15NOgS 
(437.5); calcd.: C 71.38, H 3.46, N 3.20, S 7.33; found: C 71.27, H 3.31, N 3.02, S 7.18. 
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4-Meth•xy-2-phenyl-••-(phenylsulf•nyl)-1,2,3,1•-tetrahydr•pyrr•l•[3•4-a]carbaz•le-1•3-di•ne(6) 

From 50 mg (0.10 mmol) 5 and 100 mg (0.44 mmol) DDQ; reaction conditions: 20 ml toluene, 30 min, 
110 °C; yield: 34 mg (69%); m.p.: 252 253 °C (methanol). IH NMR (400 MHz, CDC13): ~ = 4.14 (s, 3H, 
OCH3), 7.35 (mc, 4H, H-aromat.), 7.48 (mc, 6H, H-aromat.), 7.62 (s, 1H, C5-H), 7.70 (dd, 3j = 8.43 Hz, 
4j = 0.93 Hz, 2H, H-aromat.), 7.81 (d, 3j = 7.62 Hz, 1H, C4"-H), 7.95 (d, 3j = 8.29 Hz, 1H, C4'-H) ppm; 
EI-MS: m/z (%) = 483 (100) [M+'],  256 (35), 123 (12); CzTH~sN2OsS (482.5); calcd.: C 67.21, H 3.76, 
N 5.81; found: C 67.60, H 3.84, N 5.52. 

4-H ydroxy-i O-methyl-2-phenyl-I ,2,3,I O-tetrahydropyrrolo[ 3,4-a]carbazole-l,3-dione(8) 

From 400 mg (1.16 mmol) 7 and 300 mg (1.3 mmol) DDQ; reaction conditions: 30 ml toluene, i h, 110 °C; 
yield: 377 mg (95%); m.p.: 313 °C (petrol ether/ethyl acetate). IH NMR (200 MHz, DMSO-d6): 6 = 4.12 
(broad s, 1H, OH, exchangeable with D20 ), 4.33 (s, 3H, N-Me), 7.09 (s, 1H, H-C4-aromat.), 7.27 7.35 
(mc, 1H, H-aromat.), 7.39 7.62 (m, 7H, H-aromat.), 8.29 (d, 3j = 7.73 Hz, 1H, H-aromat.)ppm; EI-MS: 
m/z (%) = 342 (100) [M +'], 297 (22), 250 (12), 195 (11), 166 (10), 139 (12); C21I-I14N203 (342.4); calcd.: 
C 73.68, H 4.12, N 8.18; found: C 73.34, H 4.17, N 8.08. 

Crystal Structure Determination of 4a [21] 

C27H17NOsS'CHC13, Mr=586.84g'mo1-1,  triclinic, space group P1- (no.2), a=8.367(2)A, 
b = 12.2115(5) A, c = 13.4959(7)~, ~ = 69.309(4) °, /~ = 86.643(8) °, 7 = 88.209(5) °, V= 1287.6(3)A a, 
Z = 2, D c = 1.514 g-gm-3, F(000) = 600, T = 298 K, Enraf-Nonius CAD4, graphite monochromator, 
2(CuK~) = 1.5418~,, # = 43.35cm -1, no absorption correction applied. Pale orange crystals, size 
0.64 x 0.16 x 0.14mm 3, scan type co/20, 5356 measured reflections, 2.0 ° ~< 0 ~< 70.0 ~, - 10 ~< h ~< 0, 

- 15 ~< k ~< 15, - 16 ~< 1 ~< 16, 3 standard reflections every 4000 s, 10% variation, corrected with cubic 
spline approximation, Lorentz- and polarization correction, 4284 unique reflections (R~n , = 0.051), 
3297 observed reflections (IFI/a(F) > 4.0). Structure solution: direct methods (SHELXS86 [18]), full 
matrix refinement (SHELX-76 [19]), 343 refined parameters, H atoms located from difference Fourier 
maps, all atoms except H anisotropic refined, final R = 0.056, no weighting applied, max(A/a) 0.007, 
rain/max height in final AF map 0.3509/- 0.4162 eA 3. Figure 1 shows the molecular structure and the 
atom numbering according to IUPAC. 
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