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SUMMARY 

Ditercallnium : 2,2 ' - [4 ,4 ' -b ipipe~~e- l . l ' -b~  (ethane-l.2-dfyl)l bis (10-methoq-7H- 
pyrido[4.3-c] carbazolium) tetramethanesulfonate (NSC 366241 1 is a potent 
antitumor DNA bis-intercalator characterized by a new mechanism of action. In 
order to elucidate its biological action at the cellular level and its phannacoldnetic 
and metabolic properties, radiolabelled ditercalhium was prepared. In the present 
paper, we report the synthesis of the 1 l-bromo- 10-methoxy-irH-pyrIdo I4.3-cl 
carbazole presursor and its reductive trltiation by exchange with 13H]2. The 
pyrido[4.3-c]carbazole ring labelled in position 11 is then condensed either with the 
1,l' bis (2-chlorcethy1)- 4.4'-bipiperldine chain to provide tritiated ditercalMum or 
with the 1-(2-chloroethylJ piperldine chain to yield its monomeric analog. 

&?v wordg : tritiated ditercallnium. DNA bis-intercalator, antitumor drug. 

INTRODUcTIolv 

Ditercallnium (NSC 366241) is a highly potent antitumor DNA bls-intercalator developped in our 

laboratory (1-2). Several biochemical studies have evidenced that ditercalinium elicits its 

cytotoxicity through a new mechanism of action largely dlfferent from that of other DNA 

intercalating antitumor agents (3-6). Ditercallnium induces a delayed cytotoxkity in sensitive L 

1210 cells and arrests the cell growth almost randomly at any phase of the cell cycle (3). On the 

other hand, this bifunctional intercalator does not produce any protein-associated DNA breaks 

such as those obtained with most of the other antitumor intercalating agents such as mAMSA (7). 

However ditercalinium inhibits the formation of linear DNA's in presence of mAMSA (4). 

Moreover ditercallnium provokes the formation of high molecular weight DNA constituted by 

catenanes or aggregates (4). Electronic microscopy studies of L1210 cells treated with 
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ditercallnium showed a strong d e c t  on xnitochondrla whereas the nucleus and chromatin were 

altered (61. Further investigations by means of structure-activity analyses (8.9) and NMR studies 

on its DNA-complex structure (10) have been performed in order to determine the mechanism of 

action of ditercalinium. In addition pharmacokinetic and metabolic studies are in progress (1 1). 

in order to detemhe information on the plasma profile and tissue distribution of ditercalinium 

as well as  its biotransfomation in vfm. For this purpose radiolabelled ditercalinium was 

required. Therefore, the dlmer was labelled with tritium at the C11 position of each 7H pyrido 

[4,3-c] carbazole ring. The synthetic pathway is presented in ffgure 1. The inactive monomeric 

analog p was prepared as a standard. 
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Figure 1 - Synthetic pathway of fH] ditercalinium and related monomer. 

E X P E T A L  PART 

Matetidm : 

The structure of the bromlnated precursor 2 was con5med by 1H NMR spectroscopy (Brtiker WH 

270 MHz] using HMDS as an internal reference and mass spectroscopy (Ribermag R- 10- 10-Cl. The 

purity was checked by thin layer chromatography on silica gel plates (Merck) in the following 
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solvent systems (v/v) : A. chloroform-methanol (9: 11 : B. chloroform-methanol-triethylamine 

(95:50.5) : C. ethyl formate-isopropanol-ammonia (4535:20).8 The purity of ditercalinium 3 was 

checked by H F U  at 262 nm on a W a t a s  apparatus equipped with a Bondapak C18 column with 

acetonitrlle-water-heptancsulfonic acid-NHqCl(64 ml : 36 ml : 24 ml : 400 mg) as eluent and the 

purity of compound p by t.1.c. with elution system C. The catalyst Pd/C was supplied by 

Engclhardt (prance. Trftium gas was from Lumina (lbnce). [SH] scannings of TLC plates were 

performed with a Dunnskht scanner iI Berthold LB 2722. 

Radioactivity was determined wlth a LKB rack 12 11 B scintillator counter. Specific actMty was 

measured or by the U.V./scinwlation method (Beckmann 5230 spectrometer) or by mass 

spectroscopy (Varlan CH ?A, Impact clcchmic) 

lldetboQ 

I-pncrurol mynthedr a 
Bromine (5.3 fl, 1 mmol) was added to a solution of lO-methaxy-7H-pyrIdo [4.3-c] carbazole 1 

(0.25g. 1 mmol) in a mixture &OH-CHCb (15 ml : 8 ml) with stirring. A yellow precipitate 

appeared Immediately and the suspension was stirred at room temperature in the dark for 48 h. 

The precipitate was collected by ffltration. thoroughly washed with n-haane. and dried in vacuo. 

Chromatography over a s&a gel column (CHCb-MeOH. 2 0  1) alTorded 2 : 0.22 g (53% yield). mp 

>2600C. 1H NMR [(C2H3)2 SO] : 6 (ppd 12.89 (s. 1H. H7) : 11.16 (s. 1H. HI] ; 8.67 (d. 1H. H3) 8.59 (d. 

1H. Hq) ; 8.40 (d. 1H. Hs) 8.29 (d. 1H. H5) ; 7.81 (d. 1H. Hg) ; 7.49 03, 1H. Hg) 3.93 (s.3H. OCWj). MS : 

m/e 326. 

II-TTitiation ofthe 1~~thoay-7a-pgrid0 w.34 cuhzole ling : 5. 

The Pd/C (1096) catalyst (41 mg) and 40 pl ofethyldiisopropylamine were added to ll-bromo-10- 

methaxy-7H-pyrldo [4.3-cI carbazole 2 (41 mg. 0.125 mmol) in methanol (1.5 ml). The suspension 

was frozen. purged from air under vacuum (lom4 TOH with Toepler pump) and then stlrred at 

room temperature in the presence of tritium gas (25 Ci. 425 GBq) at atmospheric pressure for 1 h. 

The system was agaIn frozen, the excess of triUum gas removed and the mixture allowed to return 

to room temperature under constant stirring for 3 h. After millipore filtration of the catalyst, the 

labile tritium atoms were eliminated by successive flash rotative evaporations with a large 

volume of methanol. Then. the residue was purlfled by sllicagcl chromatography under pressure 

(Miniprep system-10 bar) with chloroform-methanol-trkthylamlne (95-5-0.5) a s  eluent system 

(Rf : 0.74). Chemically and radiochemically pure [3H)-lO-methoxy-7H-pyrido I4,3-c] carbazole 3 
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(490 mCi) was collected and the specific activity : 8.6 Ci/mmole (318 GBq/mmol) determined by 

mass spectroscopy and by the combination U.V/scIntillation counting. 

m -Mtiated ditercnlinium : g 

To [3HI-10-meth~-7H-pyrido I4.3-cl carbazole 3 (490 Ci. 18.13 CBq) in DMF (0.5 ml) , were added 

1.1'-bis (2-chloroethyl)-4.4' bipiperldine dihydrochloride (4 mg. 1.1 x 10-5 mol) in water (0.2 ml). 

The mixture was stirred under nitrogen at 80°C for 4 hours until a t.1.c control indicated no more 

evolution. After evaporation under reduced pressure, two successive additions of water (lml) 

followed by evaporation were performed to eliminate the DMF. The residue was purlfled by 

elution on two successive LH20 columns with a 0.01 M HC1-methanol (50-50) mixture to yield 

pure 13H] ditercalinium 4 (26 mCi. 962 MBq). Specific activity : 18 Ci/mmol (666GBq/mmol) 

determined by the combinationU.V/scinUllation counting. 

lV -Mtlated monomer : p 

To [3H]-lO-methoxy-7H-py~Ido I4.3-cl carbazole 3 (420 mCi. 15.44 GBq : 12 Ci/mmol) : (a different 

batch than that used for ditercalfnium trltiation) in DMF (0.5 ml) were added 7.5 mg of 1-(2- 

chloroethy1)-piperldine. hydrochloride (6.10-5 moll in water (0.1 ml). The solution was stirred 

under nitrogen at  90°C for 37 hours. After evaporation and similar treatment as for 

ditercallnium to ellmlnate DMF. the monomer 5 was purified on a Sephadex G10 column with 

0.01M HCl methanol (50-50) as eluent to yield pure 6 (120 MCI. 4.44 GBq) with a specific activity 

of 12 Ci/mmole (444 GBq/mmol) as determined by the combination U.V/scintfflation counting. 
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