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Novel Synthesis of Potential Bifunctional Nucleic Acid Intercalating Agents: 1,10-Bis-

(6-methyl-5H-benzo[b]carbazol-11-yl)decane

Gordon W. Gribble* and Mark G. Saulnier

Department of Chemistry, Dartmouth College, Hanover, New Hampshire 03755 U.S.A.

The title compound, a potential DNA bis-intercalating agent, is synthesized from the novel bis-4H-furo[3,4-blindole
(7) by a double Diels—Alder reaction with benzyne followed by deoxygenation and desulphonation.

The intercalation of DNA by planar aromatic molecules
appears to be an essential event in the action of many
anticancer and antibiotic agents.! In recent years the impor-
tant discovery has been made that bifunctional intercalators of
a specific design can exhibit extraordinary binding affinities
and sequence specificities for DNA .25 For example, Dervan*
has found that bis(methidium)spermine binds to DNA 10¢
times stronger than the monomeric intercalator ethidium
bromide in a ‘two-base-pair sandwich.” Kuhlmann3 has shown
that the poor antitumour activity of ethidium salts can be
dramatically improved by synthesizing a double intercalating
analogue, 1,10-bis(ethidium)decane.

We now describe a novel approach to the synthesis of
potential bifunctional intercalating agents, exemplified herein
by the preparation of the title compound (1). Our methodol-
ogy is convergent in that the twin intercalating ring systems are
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constructed late in the synthesis and after the desired linking
chain has been introduced. Thus, this strategy allows for the
preparation of different bis-intercalators using the same
intermediate [i.e. (7)].

Our synthesis of (1) is shown in Scheme 1. Commercially
available indole-3-carbaldehyde (2) was protected as the
N-phenylsulphonyl derivative (3) (m.p. 157.5—158.5°C, lit.®
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Scheme 1

m.p. 158—158.5°C) in 86% yield [lithium di-isopropylamide
(LDA), benzenesulphonyl chloride, tetrahydrofuran (THF),
—70°C]. Treatment of (3) with the bis-Grignard reagent
derived from 1,10-dibromodecane (0.5 equiv.; Et,0) gave the
diol (4) as a mixture of diastereoisomers in 93% yield;
m/z 712 (M+). Double regioselective dilithiation of (4) (4.2
equiv. of ButLi; THF; —40 — 25°C, 45 min; then 25°C, 2 h)
followed by the addition of tetramethylethylenediamine
(TMEDA) (4.2 equiv.) and then quenching with acetaldehyde
(=35°C) gave a mixture of tetraols (5). Without being
purified, this mixture was oxidized (activated MnO,, CHCl;;
reflux; 22 h) to afford a nonregioselective mixture of di-
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astereoisomeric hydroxyketones (6) [v.x, 3460, 1678 cm—1; 6
(CDCl3)2.71 (s, CH3CO) and 2.87 (t,~CH,CO-)]. This crude
mixture of theoretically six compounds [4 (4), (—) pairs, 2
meso forms] was converted into a single bis-4H-furo(3,4-
blindole (7)1 (glass) [d (CDCls) 2.65 (s, 6H); m/z 760 (M+)]
after being refluxed for 1.5 h in CH,Cl, containing a catalytic
amount of trifluoroacetic acid (TFA). The overall yield of (7)
from (3) is 9% following flash chromatography (CH,Cl,). The
4H-turo[3,4-blindole ring system is new,’ although examples
of pyrrolo$-, thieno®- and selenolo-[3,4-b]indoles® are known.

Reaction of (7) with benzyne (2 equiv. of 2-bromofluoro-
benzene, Mg, THF, reflux; 4.5 h) presumably gave the twin
Diels—Alder adduct which, without isolation and in the same
flask, was deoxygenated!0 and desulphonated (NaBHy, ethan-
olic aqueous NaOH, reflux; 46 h) to afford (1)t
(m.p. 220—221°C) in 55% yield from (7) after flash chromato-
graphy (1:1 hexane—CH,Cl,) [Anax (EtOH) 233, 269, 297.5,
321, 335, 382, and 401 nm (log € 4.28, 4.52, 4.34, 3.74, 3.61,
3.51, and 3.59); 300 MHz 'H n.m.r. (C¢Dg) 6 3.70 (t, 4H) and
2.44 (s, 6H); m/z 600.3476 (M+, calc. 600.3505) and 244.1134
(CigHusN, calc. 244.1126)]. Although the overall yield of (1)
from (3) thus far is only 5%1% the entire sequence can be
carried out in a week and requires only two simple chromato-
graphic purifications.

We are currently exploring the versatility of (7) in the
synthesis of other potential bis-intercalators (e.g., bis-
ellipticines) and the extension of the methodology to the
construction of bis-4 H-furo[3,4-blindoles linked at C-3.
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Received, 24th October 1983, Com. 1394

References

1 L. S. Lerman, J. Mol. Biol., 1961, 3, 18; E. F. Gale, E. Cundliffe,
P. E. Reynolds, M. H. Richmond, and M. J. Waring, ‘The
Molecular Basis of Antibiotic Action,” 2nd edn., Wiley, London,
1981.

2 L. P. G. Wakelin, M. Romanos, E. S. Canellakis, and M. J.
Waring, Studia Biophys., 1976, 60, 111; E. S. Canellakis,
Y. H. Shaw, W. E. Hanners, and R. A. Schwartz, Biochim.
Biophys. Acta, 1976, 418, 277.

3 D. Pelaprat, A. Delbarre, I. LeGuen, B. P. Roques, and J.-B.
LePecq, J. Med. Chem., 1980, 23, 1336.

4 P. B. Dervan and M. M. Becker, J. Am. Chem. Soc., 1978, 100,

1968; M. M. Becker and P. B. Dervan, J. Am. Chem. Soc., 1979,

101, 3664; R. A. Ikeda and P. B. Dervan, 1982, 104, 296.

K. F. Kuhlmann and C. W. Mosher, J. Med. Chem., 1981, 24,

1333,

M. G. Saulnier and G. W. Gribble, J. Org. Chem., 1982,47,757.

M. G. Saulnier and G. W. Gribble, Tetrahedron Lett., 1983, 24,

5435.

8 W. M. Welch, J. Org. Chem., 1976, 41, 2031.

9 A. Shafiee and S. Sattani, J. Heterocycl. Chem., 1982, 19, 227.

0 G. W. Gribble, W. J. Kelly, and M. P. Sibi, Synthesis, 1982, 143.

w

-~

1

1 The structure of this new compound is fully supported by spectral
and analytical (high-resolution mass spectrometry and/or combustion)
data.

1 We believe that the low-yield step is the cyclodehydration, (6)—(7),
and we are currently trying to improve this conversion.





