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Total synthesis of (*)-cyclooroidin
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Abstract—The first total synthesis of (+)-cyclooroidin, a member of the pyrrole-imidazole alkaloid family recently isolated from the
sponge Agelas oroides in optically pure form, is described. The synthesis was achieved in nine linear steps, with an overall yield of
10%. Key step was a Wolff bromoketone synthesis performed on the intermediate longamide B.

© 2005 Elsevier Ltd. All rights reserved.

Marine sponges represent a largely unexploited mine of
natural products.! Their extremely diverse and challeng-
ing chemical architectures continue to entice the chemi-
cal community, both from an intellectual and a practical
point of view.> Among them, pyrrole-imidazole alkal-
oids constitute a vast and fast-growing family of com-
pounds, whose syntheses and biological activities have
been recently reviewed.? Their biosynthetic pathways
as well as the ecological functions, especially concerning
the most complicated structures, still remain a partially
unresolved task, although recent studies* help to cast
some light on these subjects. In 2000, Fattorusso
et al.’ isolated a new alkaloid pertaining to this family,
(—)-cyclooroidin (1, Fig. 1), from the Mediterranean
sponge Agelas oroides collected in the bay of Naples.
(—)-Cyclooroidin results from an unprecedented cycliza-
tion mode>> of oroidin (2), the main secondary metabo-
lite of pyrrole-imidazole alkaloids producing sponges.
(—)-Cyclooroidin is not however an artifact due to
the isolation conditions because it is enantiomerically
pure. Interestingly, the absolute stereochemistry of
(—)-cyclooroidin was established to be (S)- by the obser-
vation of superimposable Cotton effects in the CD spec-
tra of (1) and (—)-dibromophakellin (3).

The natural (—)-cyclooroidin was tested for potential
anticholinergic, antiserotonergic and antihistaminic
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Figure 1.

activities on isolated guinea pig ileum, showing no activ-
ity.> No further biological investigations have been
reported thus far. Moreover, to our knowledge, no total
synthesis of either the racemic or optically pure (1) has
been disclosed. These data prompted us to design a
synthetic strategy towards this alkaloid, starting from
(£)-longamide B (4), another marine natural product
isolated, along with its corresponding methyl ester, each
in their racemic form, from the Japanese sponge
Homaxinella.® Thus, according to our retrosynthetic
analysis (Scheme 1), (£)-cyclooroidin synthesis could
be envisaged through the construction of the 2-amino-
imidazole ring from the corresponding o-bromoketone
(5)7 that could, in turn, be derived from the previously
prepared (+)-longamide B (4)%* through a Wolff bro-
moketone synthesis.’
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Scheme 1. Retrosynthetic analysis.
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Scheme 2. Reagents and conditions: (a) aminoacetaldehyde dimethyl acetal (1.1 equiv), acetonitrile, rt, 2 h, 99%; (b) 2 N aqueous HCI (2.5 equiv),
acetone, rt, 16 h, 94%; (c) NaH (60% w/w dispersion in mineral oil, 3 equiv), trimethylphosphonoacetate (3 equiv), THF, 30 min at 0 °C then add (8),

rt overnight, 82%; (d) LiOH (1.5 equiv), THF, water, rt, 24 h, 99%; (¢) SOCl,

(3 equiv), toluene, 90 °C, 6 h; (f) Me;SiCHN, (3 equiv), THF, 0 °C, 5 h,

then rt, overnight; then add 62% aqueous HBr (5 equiv) at —5 °C, 20 min; (g) Boc-guanidine'*® (3 equiv), DMF, rt, 4 h, 30% (over four steps); (h)

TFA, DCM, rt, 1 h, 45%.

Our synthetic efforts commenced (Scheme 2) by exploit-
ing the previously disclosed protocol®® reported for the
synthesis of (+)-longamide B (4). Starting from the read-
ily accessible 4,5-dibromo-trichloroacetylpyrrole (6),'°
amidation with commercially available aminoacetalde-
hyde dimethyl acetal delivered amido-acetal (7). Expo-
sure of (7) to 2N HCI allowed the preparation of
intermediate (+)-longamide (8), which was achieved in
nearly quantitative yield.3!!

"H NMR (DMSO-d;) of (+)-longamide (8) showed the
compound being exclusively in the hemiaminal form.
The stability of the pyrrolyl carbinols!? could account
for this observation. Naturally occurring (+)-longamide
absolute stereochemistry had been originally described

as (S)- again by comparison of its CD spectra with that
of (—)-dibromophakellin (3).13 It was later revised to
(R)- by comparison of the circular dicroism spectra of
optically active (8) with more closely related tricyclic
analogues.'* However, analytically separated enantio-
mers of (8) would racemize in a few minutes.!'?

We then capitalized on the only published proce-
dure®® (MeONa/MeOH/methyl diethylphosphonoace-
tate) reported for the synthesis of (+)-longamide B
methyl ester. However, we obtained a complex reaction
mixture, in which the amount of the desired product was
overshadowed by a multitude of by-products, most of
them arising from hydrolysis and competitive conjugate
addition of methanol. In the event, longamide B methyl
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ester (9) was then smoothly secured (82% isolated yield)
by using NaH/trimethylphosphonoacetate in THF.

Along with the expected product, a diastereomeric mix-
ture (15/85 ratio based on HPLC analysis) of dimers
(10), arising from an intermolecular aza-Michael reac-
tion, has been isolated (up to 15% yield, depending
on reaction time and reactant concentration). Unfortu-
nately, the relative stereochemistry of the major isomer
could not be attributed by common NMR tech-
niques.'> Longamide B methyl ester (9) was then quan-
titatively converted into longamide B (4) in the
presence of LiOH in a mixture of THF/water at room
temperature.

We then focused on the construction of the aminoimi-
dazole ring. Initially, we attempted to transform (4) into
the corresponding mixed anhydride with isobutyl
chloroformate,'® however unsuccessfully. Longamide B
(4) was then converted into the corresponding acyl
chloride (11). Reaction of (11) with Me;SiCHN,,!”
followed by exposure of the resulting diazoketone solu-
tion to aqueous HBr at —5 °C delivered crude a-bro-
moketone (5).

As the above bromoketone (5) proved to be extremely
reactive (washing with brine the organic phase gave a
nearly 20% scrambling Br/Cl!), (5)'® was immediately
reacted with Boc-guanidine.”!” The isolated (30% over
four steps) 15-Boc- protected’® cyclooroidin (12)
required extensive chromatography (AcOEt/MeOH) in
order to remove unreacted Boc-guanidine. We postu-
lated the migration of the tert-butoxycarbonyl group
from the exo- to the endocyclic nitrogen atom’ could
occur during the purification step. Finally, removal of
the protective group followed by column chromatogra-
phy with a basic mobile phase (DCM/MeOH/NHj; aq)
delivered (+)-cyclooroidin (1) as the free base in 45%
yield (80% based upon starting material consumed).

The spectral data of (1)>! were in agreement with that of
Fattorusso et al.,> except for the optical rotation.

In conclusion, the first total synthesis of (+)-cyclooroi-
din (1) has been achieved. Starting from 4,5-dibromo-
trichloroacetylpyrrole (6), a linear sequence of nine steps
allowed us to secure (1) in 10% overall yield. The culmi-
nating step was represented by the application of a
Wolff bromoketone synthesis protocol on the previously
described (4)-longamide B (4).
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