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The first synthesis of the tricyclic core of Penostatin F (1) using a stereocontrolled Diels—Alder reaction and a Claisen rearrangement in
succession has been achieved in nine steps from commercially available methyl acetoacetate and (E)-2-decenal. Penostatin F is a metabolite
isolated from a fungal strain of Penicillium sp., OUPS-79, separated from the marine alga Enteromorphia intestinalis and exhibits significant
cytotoxicity against cultured P388 Leukemia cells (EDsp = 1.4 gmol/mL).

Penostatin F (1) is a metabolite isolated by Numata and co-
workers from a fungal strain dPenicillium sp., OUPS-79, Scheme 1
separated from the marine al@ateromorphia intestinalis
(Scheme 1}.This natural product exhibits significant cyto-
toxicity against cultured P388 Leukemia cells B 1.4
umol/mL).2 Its complex bicyclo[5.3.1]Jundecenone core is a
structural motif that makes this molecule a formidable
synthetic target. This is compounded by the paucity of
efficient and stereoselective methods for their prepardtion.
To the best of our knowledge, no synthetic approaches for
the synthesis of Penostatin E)(have been reported in the
literature. Herein, we report the first synthesis of the tricyclic
core ofl using a stereocontrolled Dietg\lder reaction and

a Claisen rearrangement in succession as key steps.
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of a tricyclic species3. Such a species could arise from a
Diels—Alder reaction between dihydropyranyl diefhend

a five-membered carbocyclic dienophieTwo stereocenters
will be generated at the [3.4.0] ring junction, whose
configuration will depend on thendo/excselectivity of the
reaction. However, it is of paramount importance that the
facial selectivity be controlled in such a way that the [4.4.0]
ring junction hydrogen is placed anti to the olefinic side chain
of the pyran moiety.

By examining3, it can be seen that with the proper ring
junction configuration, the exocyclic and endocyclic olefins
can be placed in an orientation suitable for a Claisen
rearrangement via a chairlike transition state (3—2).

Drawing inspiration from the work of Ward and Abate,

we recently established the use of a temporary magnesium

alkoxide tether to effect high levels of facial selectivity in
Diels—Alder reactions of six-membered-ring semicyclic
dienes>® We envisioned that a diene such 4swith the
hydroxyl placed syn to the olefinic side chain would undergo
a hydroxy-directed DielsAlder (HDDA) reaction through
the transition state shown below (TS 1) giving the desired
ring junction stereochemistry i& (Scheme 2}:°> Therefore
our first challenge was to develop an efficient routedto
with the required 1,3-syn relative configuration.

Scheme 2
6aX= OEt
6bX=H

The synthesis of dienes and4b commenced with a 1,2-
addition of the Weiler dianiohof methylacetoacetate (7) to
(E)-2-decenal in THF to give the racemic alcoBah 74%
yield (Scheme 3). The resulting-hydroxy ketone8 was
diastereoselectively reducetb the corresponding 1,3-anti
diol, which upon treatment with trifluoroacetic acid in
dichloromethane afforded lacto®ein 55% yield (from7)
as a single diastereomer.

The completion of dienedgla and 4b required initial
protection of the hydroxyl moiety il as a triethylsilyl ether,
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a Conditions and reagents: (a) NaH, BulLi, (E)-(aHzs)CH=
CHCHO, THF. (b) M@NBH,4 (4 equiv), AcOH, MeCN,—78 to
—25°C. (c) TFA (0.2 equiv), CKCl,. (d) TESCI, EtN, DMAP
(0.1 equiv), THF. (eX-BuLi, (EtO)CH=CH,, THF, —78 °C. (f)
SOCL, DMAP, CH,Cly. (g) TBAF, THF. (h) CH=CHMgBr, THF,
—78°C.

which proceeded smoothly with chlorotriethylsilane (TESCI)
to give 10 in quantitative yield. Addition of lithiated ethyl
vinyl ether t010 followed by dehydration and subsequent
deprotection produced diedain 47% yield over three steps.
A similar procedure was used to synthesize diéhdrom
lactonel0in 35% yield over three steps. In only seven steps,
with minimal use of protecting groups, the relative hydroxyl
configuration is set correctly. The treatment4# and 4b
with vinylmagnesium bromide (1.1 equiv) in toluene (method
A) or MgBr,—EN?® in dichloromethane (method B) gener-
ates in situ the corresponding magnesium alkoxig#eand
6b (Scheme 2) poised to undergo a directed Didider
reaction with N-phenylmaleimide (NPM)N-benzylmale-
imide (NBM), and 2-cyclopenten-1-one (CP) (Table 1).
The HDDA betweertaand CP using method B afforded
the cycloadducR0 in albeit 23% yield (entry 1). However,
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Table 1. Hydroxy-Directed [4+ 2] Cycloaddition

entry diene  method  dienophile product (yield)
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a|solated yields, d~ 25:1 and R= n-C;His.

we were gratified to learn that the cycloaddition process
produced the required stereochemistry at C8XdR5:1).
The relative stereochemistry in the product, as determined
by COSY and NOESY analysis, is as expected for dienophile
addition to the same face as the directing hydroxyl in an
endofashion. Given the low yield of the above Dielélder
reaction, more active dienophiles were tested. Accordingly,
cycloaddition of4a and4b with NPM and NBM under the
above conditions (method B) proceeded smoothly to give
the cycloadductd 2, 13 and 14 in 80, 58, and 79% vyields,
respectively (entries 2, 3, and 5). Also, the HDDA reaction
betweerdaand NBM was carried out where the magnesium
alkoxide was formed by the initial reaction dfa with
vinylmagnesium bromide (1.1 equiv) in toluene (method
A).19 This gave the adduct4 in 72% yield in which no
lactonization was observed (entry 4).

In all the Diels-Alder products, the desired stereochem-
istry resulting from correcendo facial addition was ob-
served! and now could be subjected to the thermal conditions
required for a Claisen rearrangement.

Cycloadductsl2 and 13 were heated in toluene with a
trace of triethylamine yielding a complex mixture of products
in which no Claisen products were isolated. It was believed
that the lactone moiety ih2 and13 was possibly hindering
the conformational change necessary to bring the allyl and
vinyl substituents within proximity of one another. Much to
our delight, the heating af1 and 14 in toluene at 160°C
with a trace of triethylamine produced the bicyclo[5.3.1]-
undecenone%5and16in 70 and 55% yields, respectively,

(10) No cycloadducts were isolated when using method A (entrie.1
A complete degradation of diends and4b was observed.

(11) Relative stereochemistry dfLl—16 was established byH NMR
COSY and NOESY experiments.
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resulting in the desired C1, C8, and C14 stereochemistry
analogous td 1112

In conclusion, the architectural molecular complexity of
1 was readily assembled via a highly diastereoselective
hydroxy-directed Diels—Alder/Claisen reaction sequence
from simple structural dieneta and4b. This demonstrates
the effectiveness of the stereochemical relay established in
this sequence starting with the anti-selective reductio. of
This process proves to be a powerful strategy for an
expeditious formation of the bicyclo[5.3.1]Jundecenone core
of Penostatin F in nine steps from commercially available
p-ketoestei7 and (B-2-decenal. The completion of the total
synthesis of Penostatin F (1) is currently underway in our
laboratory and will be reported in due course.
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(12) All attempts to perform this sequence in tandem resulted in the
degradation of the DietsAlder adduct.
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