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Abstract : A novel approach to ellipticine derivatives is described. The
palladium catalysed cross-coupling reaction of indolylborate 1 with vin-
ylbromides 4 gives hexatrienes 5, which are subsequently converted to
pyrido[4,3-b]carbazoles. In addition, the acid promoted spiroannelation
reaction of hexatrienes 5 is observed to give spiroindoles 9.

Compounds possessing pyrido[4,3-b]carbazole nucleus, such as
ellipticine and olivacine, are known to have the remarkable antitumor
activity, which has stimulated a large number of synthetic efforts,
culminating in several total synthesis of these alkaloids as well as their
unnatural derivatives.!
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As a part of our ongoing studies of the synthetic use of indolylborate,2
we describe here the preliminary results of our studies of the palladium
catalysed cross-coupling reaction with indolylborate 1 resulting in a
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Scheme 1

concise access to ellipticine derivatives, which comprises hexatriene 5
as a key intermediate for constructing pyrido[4,3-b]- carbazole system.

Vinylbromides 4 readily available from allylamines 2, according to the
conventional steps [ i) alkylation of 2 (2 equiv.) with 3-pentynyl
triflioromethanesulfonate i) protection of the amino group of 3] as
shown in Scheme 1, were subjected to the cross-coupling reaction with
ca. 2 equiv. of borate 1 (generated in situ from 1-methylindole and tert-
butyllithjum, followed by treatment with triethylborane in THF) in the

presence of a palladium complex (5 mol %) at 60°C under an argon
atmosphere for 30 min, which provided hexatriene 5a,c,e and vinylindole
6a-c from 1 and 4a.c.e, and 5b,d from 1 and 4b,d. Initially, Pd(OAc),

was used for the present reaction on the basis of our previous results.?
‘When the reactions of 1 with 4b and 4d were performed, the yields of 5b
and 5d were much lower and significant amounts of 4b and 4d were
recovered even under the condition of the prolonged reaction time. It
proved effective in these cases to use PACL,(PPh;), so as to generate 5b
and 5d in adequate yields. However, on the reaction with 4f having
a basic amino group, there was no detectable trace of any cross-coupling
products and hence, a substantial amount of unchanged 4f was
recovered, where a stabilizing Pd-N interaction by the intramolecular
coordination of the amino group to palladium may hamper the catalytic
cycle.

Having developed the construction of hexatrienes 5, the conversion of §
to pyrido{4,3-b]carbazoles 7 was then examined. Previously, Hibino, et
al. have utilized an analogous hexatriene intermediate for this purpose;
e.g., the thermal electrocyclic reaction of pyridine 3,4-quinodimethane
generated in situ from 2-[o-(3-ethylpyridin-4-yl)vinyl]indole at high
temperature (480-500°C).* In our case, the well known 5photocyclisation
protocol of styrylindole systems producing carbazoles® was envisioned
as an afttractive procedure for the pyrido-[4,3-b]carbazole
construction.  Therefore, 5 was firstly irradiated [450W high-pressure
Hg vapor lamp] in benzene under an ice-cooling, providing
tetrahydropyrido[4,3-b]carbazoles 7 as an oxidized form accompanied
by the photochemical isomerisation forming 8 except in the case of 5d.
Otherwise, on exposure to 2 equiv. of BF;+OEt, or trifluoroacetic acid
(TFA) in CH,Cl, at room temperature, 5 readily underwent
spiroannulation to furnish the spiroindole 9 whose structure was
established by X-ray crystallography (Figure).6

An analysis of the nmr data of Se, particularly noe experiments [
distinctive enhancements of N1-Me, C3-H and C5'-2H on irradiation of
C7'-Me, and C3-H, N1-Me and C8-R (R=H) on irradiation of C8'-Ha
(the atomic numbering is shown in the structure of 5 in Scheme 2)],
reveals the distorsion of the conjugated hexatriene system, which may be
ascribable to the steric repulsion between N1-methyl and C7'-methyl
groups. This reflects the greater tendency of the photoisomerisation of
5 (especially, in the case of 5a and b) to 7, and the acid promoted
spiroannelation of 5 to 9 through the iminium A (Scheme 3).

Finally, 7c¢ and d were subjected to the removal of N-carbobenzyl-
oxycarbonyl group under a hydrogen atmosphere in the presence of
Pd(OH), in THF, giving amines 10a and b, having a structural
resemblance to Janetine and Guatambuine,7 in 60% and 63% yields,
respectively.

The present results demonstrate the further scope for the palladium
catalysed cross-coupling with indolylborate 1. Although the yields are
not optimised, pyridocarbazole derivatives could be prepared in short
steps, and from readily available starting material.
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Figure. Drawing of 9a, using parameters determined by X-ray crystallography.
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