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Abstract—A practical and efficient stereoselective synthesis of the side chain of neomarinone is reported. The synthesis was achieved
in six steps (41% overall yield) from 2-methyl-2-cyclohexenone. The key step is a novel stereoselective 1,4-conjugate addition/enolate

alkylation by an epoxide-opening reaction.
© 2007 Elsevier Ltd. All rights reserved.

Neomarinone (1, Fig. 1) is a marine natural product iso-
lated from the fermentation broth of actinomycetes
strain #CNH-099 by Fenical et al. in 2000.! It belongs
to a small group of prenylated naphthoquinones, includ-
ing furaquinocin C (2)?> and marinone (3),> with broad
antibiotic and anticancer activities.* It displays moder-
ate in vitro cytotoxicity (ICso= 8 mg/mL) against
HCT-116 colon carcinoma, a mean ICsy of 10 mM in
assays with the NCI-60 panel of cancer cell lines, and
moderate antibiotic activity. Structurally, neomarinone

Furaquinocin C (2)

Marinone (3)

Figure 1. Neomarinone, furaquinocin C and marinone.
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is a meroterpenoid (hybrid compounds of mixed poly-
ketide-terpenoid origin)® that has a naphthoquinone
unit linked to a ramified sesquiterpenoid side chain with
four stereogenic centers, two of them being quaternary.

The structural elucidation of neomarinone has proved
difficult due to the presence of five methyl groups in a
small range of NMR chemical shifts. Indeed, in the
initially proposed structure,! the stereochemistry of the
methyl groups of the side chain was not determined.
In 2003, biosynthetic studies on neomarinone by Moore
et al. led to its structural revision, with correction of the
structure of the side chain (Fig. 1).¢ The stereochemistry
of the methyl groups in the cyclohexenyl unit of neo-
marinone was assigned cis, based on chemical correla-
tion with the natural products ageline A’ and
subersine,® which have the same cyclohexenyl unit with
cis and trans stereochemistry, respectively. The relative
stereochemistry of the methyl groups of the furan ring
was assigned by chemical comparison with (—)-furaqui-
nocin C and (+)-3-epifuraquinocin C.° However, the
configuration of the methyl groups of the cyclohexenyl
ring relative to the methyl groups of the furyl residue
could not be unequivocally determined.

The retrosynthetic analysis for neomarinone is depicted
in Scheme 1. In this approach, the naphthofuranic skel-
eton would be obtained by a regioselective Diels—Alder
reaction between a bromoquinone (4, Scheme 1) and a
1,3-bis(trimethylsilyloxy)-1,3-diene (5) containing the
side chain; the quaternary stereocenter at the furyl ring
would then be formed by diastereoselective conjugate
addition of an organometallic reagent derived from
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Neomarinone (1)

Scheme 1. Retrosynthetic analysis for neomarinone.

iodide 7 to the o,B-unsaturated lactone 8. In this Letter,
we report a practical and efficient stereoselective synthe-
sis of iodide 7.

For stereoselective synthesis of iodide 7,'° we devised an
expedient synthetic procedure from 2-methyl-2-cyclo-
hexenone (9), using as key step for generating the chiral
centers, a stereoselective tandem conjugate addition/
enolate alkylation reaction with a C, electrophile
(Scheme 2). The 1,4-addition of organometallic
reagents to o,B-unsaturated carbonyl systems followed
by enolate trapping with electrophiles constitutes an ele-
gant methodology for the preparation of functionalized
cycloketones and derivatives.!! Although in these tan-
dem reactions alkyl halides and aldehydes are the most
widely used electrophiles, we decided to explore the util-
ity of an epoxide such as ethylene oxide.
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Scheme 2. Retrosynthetic analysis for iodide 7.
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Scheme 3. Synthesis of iodide 7.

During our investigation, we found that the reaction of
2-methyl-2-cyclohexenone (9)'? with lithium dimethyl
cuprate, followed by addition of ethylene oxide at low
temperature, afforded hemiketal 10 in 62% yield as a sin-
gle diastereoisomer as shown by '"H NMR (Scheme 3).'?
The formation of 10 can be reasonably explained by the
cyclization of the intermediate y-hydroxyketone. The
relative stereochemistry of the methyl groups in 10 was
determined to be cis by NOESY experiments, demon-
strating that the enolate alkylation takes place anti to
the methyl group at B-position. This reaction is, to the
best of our knowledge, the first example of a tandem
conjugate addition—enolate alkylation reaction using
an epoxide as the electrophile.

In the next step, hemiketal 10, in equilibrium with the
corresponding y-hydroxyketone compound, was trans-
formed into silylether 11 by treatment with TBSCI
(1.5 equiv) and Et3N (1.2 equiv) in the presence of cata-
lytic amounts of DMAP (15%) in CH,Cl, (75% yield).
For transformation of cyclohexanone 11 into 1-methyl-
cyclohexene 13, we considered the application of our
recently developed palladium-catalyzed cross-coupling
reaction of indium organometallics with alkenyl electro-
philes.!* Therefore, ketone 11 was transformed into a
vinyl triflate by treatment with KHMDS followed by
addition of PhNTT,, affording 12 in high yield (96%)."3
The palladium-catalyzed cross-coupling reaction of 12
with trimethylindium (0.5 equiv) in the presence of cata-
lytic amounts of Pd(PPh;),Cl, (5 mol %) afforded the
coupling product 13 in quantitative yield. Finally, cleav-
age of silylether 13 with tetrabutylammonium fluoride
(3 equiv) at room temperature for 2 h gave the corre-
sponding alcohol that, without further purification,
was converted to the desired iodide 7' by treatment
with PPh; and I, in 98% yield.

In summary, iodide 7, containing the cyclohexenyl unit
of the side chain of neomarinone, has been synthesized
in six steps from 2-methyl-2-cyclohexenone (41% overall
yield), a synthetic procedure that allows the preparation
of iodide 7 in a multigram scale. The key step of the syn-
thesis is a novel stereoselective tandem 1,4-conjugate
addition/enolate alkylation by an epoxide-opening reac-
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tion. The synthesis of racemic iodide 7 should allow the
total synthesis of neomarinone and its diastereoisomers,
and should provide useful data for establishing the rela-
tive stereochemistry of the cis methyl groups of the
cyclohexane unit with respect to the cis methyl groups
of the furan ring, and the absolute configuration of
neomarinone.
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