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Synthesis of dibromophakellstatin and dibromoisophakellin
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Abstract—A short synthesis of the marine sponge alkaloids dibromophakellstatin (1) and dibromoisophakellin (2) is described. The
synthesis of 1 centers on a putative biomimetic oxidative cyclization of imidazolone 5. Thermal rearrangement of dibromophakellin
(9) in the presence of K2CO3 afforded dibromoisophakellin (2). © 2002 Elsevier Science Ltd. All rights reserved.

Marine sponges continue to be a source of structurally
interesting and biologically active nitrogen heterocyclic
metabolites.1 Recently, Pettit and co-workers isolated
dibromophakellstatin (1) from the sponge, Phakellia
mauritiana.2 1 has been shown to posses potent anti-
tumor activity in a number of different human cell-
lines. The structurally related sponge metabolite
dibromoisophakellin (2) was isolated from Acanthella
carteri by Maximov and co-workers.3 Structures of 1
and 2 were elucidated by X-ray crystallographic analy-
sis. Neither metabolite has been synthesized; however, a
synthetic approach to 1 has appeared recently in the
literature.4 In this communication, we report the first
synthesis of racemic 1 and 2 using a biomimetic oxida-
tive cyclization protocol that sets the stage for construc-
tion of the tetracyclic framework.

Although the biosynthesis of dibromophakellstatin (1)
is unknown, aminopropyl imidazolone 4 was envisioned
as a hypothetical forerunner. We have shown that 4 is
a useful intermediate in the putative biomimetic synthe-
ses of related imidazolone derived sponge metabolites,
slagenins5 and axinohydantoins.6 4 is readily prepared
from ornithine methyl ester (3) via Akabori reduction
and condensation with cyanate (Scheme 1). Acylation
of the free base of 4 with 2,3-dibromo(trichloro-
acetyl)pyrrole7 gave carboxamide 5 in excellent yield.

After considerable experimentation, oxidation of 5 with
NBS (trifluoroacetic acid, 0°C, 5 min) followed by
concentration and addition of triethylamine:THF (1:1)
produced dibromophakellstatin (1) and spiro adduct 68

in 45 and 40% yields, respectively. These products are
easily separated by flash chromatography. All spectral
data of synthetic 1 were in agreement with those
reported for the natural product.2 Hydrogenolysis of 1
produced phakellstatin (7).9

Next, attempts were made to synthesize dibro-
moisophakellin (2) from dihydrooroidin (8)10 (Scheme
2). An interesting structural feature of 2 is the fused
C�C pyrrole connection to the cyclic guanidine core.
There are several notable natural products such as
styloguanidines11 and 12-chloro-11-hydroxydibromo-
isophakellin12 that contain an isophakellin structural
motif for which no prior synthesis has been reported.13

In the elegant biomimetic synthesis of dibro-
mophakellin (9) by Büchi,14 bromine oxidation of 8
followed by treatment with KOtBu did not lead to any
C�C pyrrole products resembling dibromoisophakellin
(2). In further pursuing this line of research, we were
also unable to produce 2 directly from 8 under various
experimental conditions. It was discovered, however,
that the use of NBS in TFA followed by evaporation
and quenching with TEA:THF (1:1) gave excellent
yields of racemic dibromophakellin (9).15 These condi-
tions represent a noteworthy improvement over the
original Büchi conditions of Br2/AcOH. Using a less
reactive brominating reagent such as NBS and a
stronger acid (TFA), substantially higher yields of
product were obtained for both the imidazolone and
aminoimidazole series. In fact, we were unable to
obtained dibromophakellstatin (1) from 5 using Br2/
AcOH. Quenching the intermediate derived from oxi-
dized 8 with MeOH produced spiro adduct 10.16
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Scheme 2.

Attempts to convert 10 to dibromoisophakellin (2) were
unsuccessful.

Finally, heating dibromophakellin (9) in the presence of
K2CO3 caused N to C rearrangement to dibro-
moisophakellin (2) plus recovered starting material. All
spectral data of synthetic 2 were in agreement with
those reported for the natural product.3,17 While the
rearrangement of dibromophakellin represents the first
successful segway to the isophakellin series, clearly,
more efficient methods will be needed for the more
structurally challenging styloguanidine family.
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