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Abstract

Neomarinone (1), a novel metabolite possessing a new sesquiterpene- and polyketide-derived carbon skeleton,
and several derivatives,3–5, of the marinone class of naphthoquinone antibiotics, were isolated from the fermenta-
tion broth of a taxonomically-novel marine actinomycete (strain #CNH-099). The structures of the new compounds
were determined by comprehensive NMR and mass spectral analyses. Neomarinone (1) and several of the marinone
derivatives were shown to be moderately cytotoxic toward human cancer cells in in vitro testing. © 2000 Elsevier
Science Ltd. All rights reserved.
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Marine microorganisms have been recognized as a new source for the production of bioactive
secondary metabolites. The large numbers, and diversity, of marine bacteria suggest that this resource will
be of significant importance in the discovery of new drugs.1 Indeed, over the past few years a significant
diversity of antibiotics and antitumor agents has been identifed.2 In this paper we report the isolation
of several cytotoxic metabolites related to marinone, a novel marine actinomycete-derived metabolite
reported earlier.3 The new compounds are produced by a marine bacterium found in a sediment sample
taken at�1 m in Batiquitos Lagoon, North of San Diego, CA. The bacterium (strain #CNH-099)4 was
cultured in 26 L scale5 and the culture was repeatedly extracted with ethyl acetate. Concentration of
the extract yielded 2.15 g of crude extract which was fractionated by silica column methods, followed
by repeated silica HPLC (% EtOAc in isooctane) to yield neomarinone (1, 1 mg/L, 35%), marinone
(2, 1 mg/L, 30%), isomarinone (3, 0.5 mg/L, 30%), hydroxydebromomarinone (4, 1 mg/L, 50%), and
methoxydebromomarinone (5, 1 mg/L, 50%). The structure elucidations of the new marinone derivatives
1 and 3–5 were accomplished by analysis of MS and NMR data and comparison with the published
data for the previously reported metabolites marinone (2) and debromomarinone.3 Neomarinone (1)6a

analyzed for C26H32O5 by HR-FABMS and13C NMR methods (Table 1). The UV spectrum of1 showed
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long wavelength absorptions at 398 nm (" 2700), values similar to the UV characteristics of the previously
described naphthoquinone chromophore in marinone. Infrared absorptions at 3299 and 1630 cm�1 were
characteristic of the quinone and hydroxyl functionalities in this class of molecules. Given that this
microorganism produced marinone, it was initially conceived that1 was a simple modification of the
marinone ring system. Analysis of 2D NMR data, however, quickly revealed that neomarinone was
composed of an entirely new carbon skeleton. The formula of neomarinone indicated 11 degrees of
unsaturation, eight degrees of which were inherent in the bicyclic naphthoquinone moiety. One degree
of unsaturation was found in an additional double bond (� 123.9 and 138.9), hence the remaining two
degrees of unsaturation indicated two additional rings to be present.

The structure assignment of1 was easily facilitated by the six methyl groups that are present in the
molecule, each of which provided informative correlations in the HMBC NMR experiment. The C-26
methyl group protons showed correlations to C-1 and C-9, which taken with correlations from H-4 to C-2,
C-3, C-5 and C-6, and correlations from H-12 to C-7, positioned all substituents on the naphthoquinone
ring. HMBC correlations also defined a five-membered ether ring that was positioned at C-6 and C-7. The
connectivity of the sesquiterpenoid side-chain, and the presence of a methylated cyclopentane ring, were
established by HMBC data and also by1H NMR COSY data. Extensive NMR experiments allowed all
protons and carbons to be assigned (Table 1), thus leading to the assignment of1 without stereochemistry.

Nuclear Overhauser NMR experiments (NOESY) allowed many of the stereochemical features of
neomarinone to be assigned. The configuration of the side-chain double bond was assigned asZ based on
a strong enhancement from H-15 to H-24. A strong correlation between H-11 and H-25 showed that the
methyl groups in the dihydrofuran ring arecisoriented. Unfortunately, the relative stereochemistry of the
two methyl groups (C-22 and C-23) in the cyclopentane ring could not be assigned with confidence from
NOESY data because the two signals (� 0.78 and 0.74) partially overlap in all NMR solvents explored.

Marinone (2) and debromomarinone, molecules we previously isolated from a tropical sediment
bacterium, were also isolated from this strain. Their spectral data were identical to those from the original
samples. The NMR data for marinone is included in Table 1 to facilitate comparisons with the closely
related metabolites3–5.

Isomarinone (3), analyzed for C25H28O5Br, a formula isomeric with that of marinone by HRCIMS and
13C NMR methods. Inspection of total spectral data6b showed that3 was an isomeric naphthoquinone
possessing the identical side-chain as in2. Overall NMR data showed isomarinone to possess bromine at
C-7 rather than C-5 as in marinone.

Hydroxydebromomarinone (4) analyzed for C25H28O6, a formula indicating the addition of oxygen
to the basic marinone composition. Overall spectral data6c showed that4 was modified in the side-
chain cyclohexene ring. The NMR data clearly showed that the trisubstituted olefin in2 was replaced by
hydroxylation and double bond migration to the C-11–C-12 position. The stereochemistry at the newly
created hydroxyl-bearing carbon could not be assigned from spectral data, but was assigned by analogy
to the derivative5 which was assigned by NOE methods.
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Table 1
NMR data for neomarinone (1), marinone (2) and derivatives (3–5)

Methoxydebromomarinone (5) analyzed for C26H30O6 by HR-FABMS and by13C NMR methods. As
in 4, the overall spectral data for56d showed the molecule to be a modified marinone structure. NMR data
allowed the modification to be localized in the side-chain cyclohexene ring. Similar to4, the structure of
5 was assigned as the C-13 methoxy analog. The relative stereochemistry at C-13 in5, with the methyl
in the up (�) position, was determined by a strong NOE correlation between H-25 and H-16.

Neomarinone and the new marinone derivatives are all derived from a mixed biosynthetic pathway
apparently involving polyketide and terpene pathways. Connection of the sesquiterpenoid side-chain to
the naphthoquinone core occurs on the non-quinone side in neomarinone. There are only a few examples
where similar metabolites produced by mixed biosynthesis have been observed. Examples are the
monoterpene-substituted naphthoquinones, naphterpin7 and naphthogeranine A.8 Also, the monoterpene
derivatives, furaquinocins A–H, which are similar to neomarinone have been reported.9,10 The origin
of the sesquiterpenoid side-chain in1 appears complex, possibly being derived from a cation-induced
methyl migration as observed in the trichothecenes.11 Neomarinone (1), and the marinones3–5, displayed
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moderate in vitro cytotoxicity, IC50=ca. 8 �g/mL against HCT-116 colon carcinoma. In addition,
neomarinone generated a mean IC50 value of 10�M in the NCI’s 60 cancer cell line panel.
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