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Palladium Catalyzed Synthesis of Annelated Indoles

Alan P. Kozikowski* and Dawei Ma

Neurochemistry Research, Mayo Clinic Jacksonville, 4500 San Pablo Road, Jacksonville, Florida 32224

Abstract: The synthesis of polycyclic indoles is shown to be accomplished readily by the palladium catalyzed
intramolecular cyclization of bromoaryl bearing indoles.

During our efforts to develop selective ligands for the peripheral type benzodiazepine receptors (PBR), a
receptor system now known to be linked to steroidogenesis!, the need arose to construct certain annelated
derivatives of indole. While Itahara has reported the preparation of 6-oxo0-6H-isoindolof2,1-alindoles by
intramolecular dehydrogenation with palladium(Il) acetate 2, the yields obtainable by this method are generally
variable (47-7%), and the ability of this method to accommodate the formation of larger ring sizes appears
questionable. A further drawback of the method stems from the necessity to use 0.5 equivalents of the
expensive palladium reagent.

Consequently, we have investigated the use of tetrakis(triphenylphosphine)palladium(0) to catalyze the
intramolecular cross-coupling of an indole with an aryl broxﬁide. The feasibility of the method was tested
employing N-(o-bromobenzyl)indole (1) as substrate. A mixture of the indole, (Ph3P)4Pd, and KOAc in
dimethylacetamide (DMA) was heated at 130 °C for six hours. The solvent was then removed, and the residue
was chromatographed to provide the desired tetracycle 2 in 86% yield. On reacting the N-(o-
bromobenzoyl)indole (3), prepared as shown in Table 1, under similar conditions, a 72% yield of the polycycle
4 was isolated. This yield is to be contrasted with the 47% isolated yield reported for the preparation of 4 by the
Pd(OAc); method of reference 1.

Having established the feasibility of the method, we now applied this ¢yclization protocol to thé
preparation of the peripheral benzodiazepine receptor-specific ligands which differ from 1 by the presence of an
acetamide moiety at the C-3 position of the indole nucleus. The palladium catalyzed cyclization reaction
proceeded readily in cases where either a five-membered or seven-membered ring was formed. Compound 5

was transformed to polycycle 6 in 74% yield, while 7 provided 8 in 81% yield.
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Palladium Catalyzed Intramolecular Cyclization Route to Polycyclic Indoles.
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While the previous four examples result in annelation of a new ring to the N(1)-C(2) positions of the
indole nucleus, we also found the method to work equally well in the case where a new ring is affixed to the
C(2)-C(3) positions of the indole nucleus. The starting compound 9 was prepared by metalation of N-
methylindole at its 2-position and trapping of the resulting anion by o-bromobenzaldehyde followed by oxidation
with manganese dioxideS. Palladium catalyzed cyclization of this intermediate provided the tetracycle 10 in 95%
yield. The structural resemblance of 10 to ellipticine is suggestive of yet another route to this biologically active
natural product 6, At present, we have found this coupling method to fail only when it was attempted in the

intermolecular sense. For example, the reaction of 11 and 12 led only to the recovery of starting materials.
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In summary, the palladium catalyzed cyclization methodology works exceedingly well with indoles as

substrates and provides a remarkably facile entry to conformationally constrained PBR-specific ligands. While
the biology of these new ligands will be reported in detail in separate publications, it is interesting to note that
both compound 6 and its more flexible counterpart 8 display high affinity for the peripheral benzodiazepine
receptor’.
General Procedure: A mixture of the indole substrate (8.8 mmol), Pd(Ph3P)4 (0.44 mmol), and potassium
acetate (8.8 mmol) in 120 mL of N,N-dimethylacetamide was heated at 160 °C for 6 h. The solvent was then
removed under reduced pressure at 80 °C, and the residue was chromatographed on silica gel to provide the
cyclization product.
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