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ABSTRACT

OTBS TBSO H

(+)-ottelione A

Enantioselective total synthesis of otteliones A and B was accomplished. The key steps are radical cyclization of an alpha-iodoketone to
construct the cis-hydrindanone skeleton and Suzuki—Miyaura coupling to incorporate the aromatic group. (+)-Ottelione A was converted to

(—)-ottelione B on treatment with NaOH in THF.

Ayyad and Hoye et al. isolated otteliones A (1) and B (2)
from the freshwater plant Ottelia alismoides collected in the
Nile Delta (Figure 1).* These natural products exhibit
remarkable biological activities, including antitumor and
antitubercular activities.*> Upon screening against a panel
of 60 human tumor cell lines at the National Cancer Institute
in Bethesda, MD,* these compounds were found to inhibit
tubulin polymerization into microtubules similarly to the
well-known alkaloids colchicine, vincristine, and vinblastine.®
Scientists from Rhone-Poulenc Rorer (now Sanofi-Aventis)
independently isolated compound RPR112378, which was
identical to ottelione A (1). They determined the relative
stereochemistry with extensive NMR experiments and also
investigated their biological activities® Because of the
powerful anticancer activities and scarcity of these natural
products, otteliones A (1) and B (2) have attracted much
attention from the synthetic community.
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Mehta and co-workers reported the first total synthesis of
racemic otteliones A (1) and B (2) and confirmed the relative
stereochemistry of their structures.*® They subsequently
achieved an enantiosel ective total synthesis and determined
the absolute configurations of 1 and 2.*° Katoh et al.

(+)-ottelione A (1)

(-)-ottelione B (2)

Figure 1. Structures of otteliones A and B.

independently achieved an enantioselective total syntheses
of otteliones A (1) and B (2) and confirmed their absolute
configuration.®> Clive and co-workers reported an elegant
synthesis of (+)-ottelione A (1) and (—)-ottelione B (2)
utilizing aring-closing metathesis to construct the hydrindane
skeleton.® A formal total synthesis of ottelione A (1) was
also described using an asymmetric Diels—Alder reaction
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by Ryu et al.” We found that only two distinct approaches,
the Diels—Alder reaction and the ring-closing metathesis,
were employed in these total syntheses.

Scheme 1. Retrosynthetic Analysis of (+)-Ottelione A
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In our laboratory, we envisaged that a radical cyclization
of an a-iodocycloalkanone® might serve as a key step to
construct the hydridanone skeleton with the desired stereo-
chemistry. The retrosynthetic analysis is shown in Scheme
1. Conjugated addition of a vinyl group to compound 3
followed by Wittig reaction and introduction of the enone
moiety would provide (+)-ottelione A (1). Compound 3
could be prepared from 4 via deprotection and oxidation
steps. Compound 4 would be obtained from 5 via hydrobo-
ration and Suzuki—Miyaura coupling. Key intermediate 5
could be synthesized viaradical cyclization of o-iodoketone
6 followed by hydrodesilylation, reduction of the carbonyl
group, and protection of the resulting OH group. a-lodoke-
tone 6 would be prepared according to our method from
chiral enone 7.°

Our synthesis, shown in Scheme 2, began with optically
active (—)-4-tert-butyldimethylsilyl oxy-2-cyclohexen-1-one

(7) prepared from commercialy available (—)-quinic acid
according to Danishefsky’s procedure.® Treatment of enone
7 with 4-(trimethylsilyl)-3-butynylmagnesium chloride in the
presence of Cul, followed by trapping the enolate with
chlorotrimethylsilane, furnished trimethylsilylenol ether 8.
Without purification, crude compound 8 was treated with a
solution of Nal/m-CPBA in THF to give o-iodoketone 6 as
a single stereoisomer.’® Stereochemistry of 6 was determi-
nated by single crystal X-ray analysis.**

Scheme 2. Total Synthesis of Otteliones A and B
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Photolysis of a-iodoketone 6 with a sunlamp in the
presence of hexamethylditin,® followed by reduction with
tributyltin hydride, gave compound 9. Hydrodesilylation of
compound 9 with trifluoroacetic acid followed by reduction
with sodium borohydride cleanly afforded alcohol 10 as a
single diastereomer. Alcohol 10 was treated with acetic
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(11) The molecular drawings and X-ray data of 6 are presented in the
Supporting Information.
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anhydride in the presence of pyridine and 4-(N,N-dimethy-
lamino)pyridine (DMAP) to afford compound 5. Hydrobo-
ration of the exocyclic double bond of 5 with 9-BBN,*?
followed by Suzuki—Miyaura coupling with 4-iodo-1-
methoxy-2-(methoxymethoxy)benzene,*® gave compound 4.
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Treatment of 4 with tetrabutylammonium fluoride (TBAF)
afforded alcohol 11. Oxidation of 11 with PCC gave ketone
12. Reaction of 12 with a mixture of 1,1,1,3,3,3-hexameth-
yldisilazane (HMDS), TMSCI, and Lil generated the corre-
sponding trimethylsilylenol ether. Saegusa oxidation of the
trimethylsilylenol ether intermediate with Pd(OAc), gave
compound 3.2

Conjugate addition of vinylmagnesium bromide to com-
pound 3 afforded compound 13. Wittig reaction of 13 with
methyltriphenylphosphonium bromide and t-BuOK gave
compound 14. Deprotection of 14 followed by PCC oxidation
afforded compound 15. Treatment of 15 with LHMDS and
PhSeCl followed by oxidative elimination delivered com-
pound 16. Removal of the MOM protecting group eventually
gave (+)-ottelione A (1), [a]p® +18.9 (c 0.60, CHCl5).

Furthermore, we found that treatment of ottelione A (1)
with NaOH in THF at 0 °C afforded (+)-ottelione A (1)
and (—)-ottelione B (2) in a 1:10 mixture with 82% yield.*®
Ottelione B (2) was isolated by silica gel column chroma-
tography and recrystallized [o]p?® —327.3 (¢ 0.55, CHCl5).
The structure of ottelione B was confirmed by single-crystal
X-ray analysis.*® This method of epimerization of 1 to 2 is
more effective than the DBU*" or the t-BuOK > method.

In conclusion, we achieved enantioselective total syntheses
of otteliones A and B in 3.8% and 2.8% overall yields. Using
the a-carbonyl radical cyclization and the Suzuki—Miyaura
coupling as the key steps, our total synthesis provides a new
access to thisimportant class of anticancer natural products.
Our synthetic scheme is adaptable to prepare analogues of
otteliones. The synthesis of such analogues according to our
strategy for anticancer study is under current investigation.
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