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Palladium-Promeoted Synthesis of a 7-Deoxyprekinamycin Isomer
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Abstract: We have developed a four-step synthesis of the prekinamycin analogue 3
based on a palladium-promoted oxidative coupling as the key step.

The kinamycins represent a novel class of antibiotic alkaloids which have been isolated from Streptomyces
murayamaensis ATCC 2141423 and, more recently, from other actinomycetes.4 These antibiotics exhibit
potent activity against Gram-positive and, to a lesser extent, against Gram-negative bacteria. They also
possess weak antitumor activity.2 The characteristic structural features of the kinamycins are a
benzo[blcarbazole framework and a N-cyano moiety, both of which are highly unusual among natural
products. Extensive studies on the biosynthesis of the kinamycins have been performed by Gould and
coworkers who demonstrated that they derive from a single-chain decaketide.’ The key intermediate in the
biosynthesis of the kinamycins, which differ only in the oxygen substituents, was shown to be prekinamycin
with an aromatic D ring. Prekinamycin has also been isolated from S. murayamaensis by Gould and its
structure has been assigned as 1.3

Rl R2 R3 R4
Kinamycin A Ac Ac Ac H
Kinamycin B H Ac H H
Kinamycin C Ac H Ac Ac
Kinamycin D Ac H Ac H
Kinamycin E Ac H H H
Kinamycin F H H H H
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Because of the unprecedented structures and the potent biological activities several approaches have been
described towards the total synthesis of the kinamycins.® Most recently, Echavarren and coworkers have
reported the synthesis of compound 1.7 However, the spectral data of the synthetic material were not in
agreement with those described by Gould for the natural product. Therefore, it has been proposed that

prekinamycin must have a structure different from 1.7
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Scheme 1

The isomeric compound 2 represents a possible structural alternative for prekinamycin. In this paper we
report on an efficient palladium-promoted coupling leading to the 7-deoxyprekinamycin isomer 3. Formal
disconnections suggested that 3 could be derived from 1,4-naphthoquinone 4 and the arylamine § (Scheme 1).
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Transition metal-mediated reactions lead to the possibility of convergent total syntheses of carbazole
alkaloids.8 Palladium-promoted cyclizations of diarylamines have frequently been used for the synthesis of
the carbazole framework.? It has been demonstrated that a related Pd-promoted cyctization of 2-anilino-1,4-
benzoquinones can be utilized for the synthesis of carbazoloquinones.10 Therefore, we decided to elaborate a
brief synthesis of the 7-deoxyprekinamycin isomer 3 based on a Pd-promoted C-C bond formation as the key
step (Scheme 2). The arylamine § has already been used as a starting material in our iron-mediated total
synthesis of the cytotoxic carbazole alkaloid koenoline.1l Addition of 5 to 1,4-naphthoquinone 4 gave the
corresponding 2-anilino- 1,4-naphthoquinone 6. Treatment of 6 with stoichiometric amounts palladium(II)
acetate in refluxing glacial acetic acid under argon for 30 min provided the desired benzo[b]carbazole 7 in
84% yield. Reaction of 7 with sodium hydride and phenyl cyanate in DMF52 failed to afford the correspon-
ding cyanamide 8. However, when 7 was reacted with an excess of cyanogen bromide and triethylamine in
the presence of p-dimethylaminopyridine in dry dichloromethane for 3.5 h at 25°C7P the cyanamide 8 was
obtained in 97% yield. Finally, selective cleavage of the methyl ether in the presence of the N-cyano moiety
with pyridine hydrochloride!2 transformed compound 8 to the 7-deoxyprekinamycin isomer 3.13

The mechanism which we propose for the C-C coupling by analogy with related Pd-promoted reactions!4 has
been supported by additional experiments (Scheme 3). Electrophilic attack of a Pd(II) species at the aromatic
ring of 6 affords the c-arylpalladium(II) complex 9. Insertion of the quinone double bond generates the
o-alkylpalladium(II) complex 10 which on reductive B-elimination provides the benzo[b]carbazole 7.
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Scheme 3

In summary we have completed the synthesis of the 7-deoxyprekinamycin isomer 3 in four steps by using a
palladium-promoted cyclization of a 2-arylamino-1,4-naphthoquinone to the parent benzo[b]carbazole
framework. Investigations to extend this methodology to the synthesis of fully oxygenated prekinamycin
isomers by employing 5-hydroxy-1,4-naphthoquinone (juglone) are in progress.
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