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Abstract : A short synthesis of (+/-) longamide 1 using a probable biomimetic cyclisation of 12 is
described. The separation of its enantiomeric forms and their racemisation are examined. The ring-chain
tautomerism involving a potential nucleophilicity of N1/C3 of bromopyrrole compounds has been
examined. The behaviour of 7 in protic mild or in vigorous acidic conditions provides an entry to
regioselective synthesis of marine polycycle alkaloids such as 2, 3, and 4. A biogenetic pathway is
proposed for polycyclic 2-aminoimidazolopyrrole marine metabolites. © 1999 Elsevier Science Ltd. All rights
reserved.

Several polycyclic bioactive metabolites possessing a bromopyrrole moiety (Scheme 1) have been isolated
from marine Sponges. Among these are longamide 1!, dibromophakelline 22:3, odiline 345 and
dibromocantharelline 44. Structure analysis of 2, 3 and 4 shows their close chemical relationship with the "linear”
oroidin 567 (Scheme 1), first isolated from Agelas oroides in 19716 , and then from various Sponges 8-16 . The
presence of oroidin as a central precursor in all these species suggests that these similar cyclized compounds
(C11N5s) are biogenetically related. Kitagawa et al.!7 and Braekman et al.!8 reported chemotaxonomic

considerations and postulated that ornithine and proline may be precursors of a hypothetical "linear"

pyrroloimidazolone from which the other polycyclic derivatives would derive. The synthesis of
dibromophakelline 2 by Foley and Biichi!® by oxidation of the non-natural dihydrooroidin, is the first example

of the chemical link between "linear" and polycyclic molecules.
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This group of molecules contains two structural types derived from oroidin § through a pyrrolic N1 or C3
intramolecular cyclisation.

In the context of the synthesis of oroidin derivatives20, the search for a controlled regioselective
intramolecular cyclisation became the focus in our investigation. The aldehyde 72! has been used to prepare 8 and
10 (Scheme 2). When treated as described previously?! with methanesulfonic acid, the aldehyde 7 undergoes
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ring closure with C3 position of the pyrrole and yields the odiline-like compound 8. When treated with methanol
at room temperature, carbinolamine 1022 was obtained quantitatively
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Scheme 2
Analogous reactions afforded the homologous natural six-membered carbinolamine longamide 1 (Scheme
3). The intermediate 1123 was obtained in poor yield. The amidic linkage by coupling the amine unit with the
pyrrole moiety suffers probably from steric hindrance.
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Scheme 3
The spectral data of synthetic longamide 1 were in agreement with those reported! for the natural product.
Longamide 1 was described! as an optically active compound. In attempt to separate the enantiomers, chiral
resolution of the synthetic racemate was performed by HPLC using a chiral column?# and eluting with heptane /
isopropanol : 85/ 15. (+) and (-) longamide were separated as shown in Fig.1.
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Fig.1 : Chiral HPLC24 resolution of longamide 1

1 aldenyde 12 - UV detection (280 nm), B and C correspond to enantiomers of
longamide 1. Their racemisation occurs through the intermediate

4 aldehyde 12 in 10 min.
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The resulting analytically separated (+) and (-) enantiomers racemise in a few minutes (<10min). Each of
them was collected and immediately re-injected on the same chiral column and revealed that the ratio of (+) and (-)

forms of longamide 1 was ca. 1 : 1. The tendency of the carbinolamine to racemise through ring-chain
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tautomerism, explains the fast racemisation, also observed in the used HPLC conditions with the natural product,
kindly provided by Prof. Fattorusso.

This observed ring-chain tautomerism would appear to be usable for a biomimetic synthesis of other
polycyclized 2-aminoimidazolopyrrole systems. The chemical pathway, starting from oroidin, depicted in Scheme
4 is plausible. The common key step appears to be the ring-chain tautomerism in an intramolecular cyclisation
between pyrrolic N1/C3 and the electrophilic 4(5) substituted 2-aminoimidazole (Scheme 4).
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Scheme 4
In summary, the marine natural product carbinolamine longamide 1 was synthesized by regioselective
pyrrolic N intramolecular cyclisation. Rapid racemisation through "ring - chain” tautomerism was observed by

chiral HPLC analysis. Structure analysis of the oroidin group alkaloids clearly shows the central role of pyrrolic
N1 / C3 nucleophilicity in their formation. These results, in combination with the biomimetic chemical pathway

presented here, provide some ideas for the synthesis of more complex alkaloids of this class.
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