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The most recently described member of the cacospongionolide class of marine natural products has been assembled using a diastereochemically
divergent total synthesis strategy that independently establishes the complete stereochemistry of cacospongionolide F and provides a new
entry toward expansion of this phospholipase A, inhibitor chemotype.

The cacospongionolides are sesterterpenes isolated fromiminary structure-activity relationship studies of analogues

Mediterranean region sponges of the Thorectidae family. of cacospongionolide B and the structurally relatedfa-

These compounds are characterized by distinct lipophilic andriella variablis sponge isolate manoalid6)( indicated that

polar domains and by a range of potent and unique biological the lipophilic domain of each may confer both enhanced

activities. The archetypal member, cacospongionolidé (  inhibitory activity and specificity’ Notably, the dihydro-

is joined by congeners with structural variations primarily pyran hemiacetal of manoalide that is absent from the

in the lipophilic domain. These include cacospongionolides comparable C24 position of the cacospongionlides is not

B23(2), E* (3), and F (4) (Figure 1). As specific inhibitors  required for potent or irreversible PlAnhibition. Further-

of phospholipase A(PLA;), members of this chemotype more, they-hydroxybutenolide moiety o2 is not essential

hold potential for addressing inflammatory diseds€se- for potent inhibition of bee venorsPLA..3 To facilitate the
r—— — development of the cacospongionolides, the most recently

Dedicated to the memory of Prof. D. John Faulkner, an inspirational . . . .
leader in marine natural products chemistry research. described membed] has been synthesized via a diastere-

*Current address: Department of Chemistry and Chemical Biology, ochemically divergent strategy that establishes the complete
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; relative and absolute configuration.
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Scheme 1. Strategic Building Blocks

Cacospongionolide E (3)

Cacospongionolide D (6)

o 0 racemic ester (£+)-@and aldehyde (R)-10. A planned late-
_ S _ stage partitioning of the racemic core of (+)r0 diaster-
Figure 1. Structures of cacospongionolides and manoalide. eomeric derivatives usingR)-10 would provide (®R,9R,-

10S16R-4 and (859S10R16R-4 via 7 and8 for independent
] ] ) ) stereochemical correlation with naturally occurridgThe

The (16R) configuration of * 3,/ and4° was inferred via g ,ccess of this strategy would rely upon the generation and
analyses of C25 acyl derivatives. However, the relative nampiguous stereochemical assignment of diastereomeric
stereochemistry between C16 and the decalin core has beeBroducts derived from (£)-and (R)-10.
rigorously established only fdf and 25-deoxy2'° via X-ray The synthesis of aldehydB)-10 began with the reportégl

crystallography and fo? via total synthesis. Brown allylatiort® of 3-furfural (11, Scheme 2). The product
Because carbocycle versus oxacycle formation may occur

via biogenetically distinct processes (&.vs 1—4), the _
relative configuration of the oxacyclic C16 stereogenic center X

could, in principle, vary with respect to that of the decalin Scheme 2. Synthesis of AldehydeR)-10

core. In developing the total synthesis 4fthe C8-C10 o OoR

core stereogenic centers have been independently correlatedH)\C A MaBr

with the remote C16 center by synthetic design. —

(-)-DIPCI

In designing a synthesis df, the y-hydroxy-butenolide 11 _ 12 R=H TBSOTf
moiety could be installed in the final stage via Faulkner's G la® 1 R =TBS] AT
regioselective oxidation of a penultimate 3-substituted fu- °Y
ran!! To address the two major relative stereochemical l 82%‘4’ ](\g\gg)
possibilities for naturally occurring, two diastereomeric (R)-10

furans (8S,9S,10R,16R)and (8R,9R,10S,16R)&duld be
targeted from two key fragments representing-CR4 [(+)-
9], bearing the relative stereochemical array of the dehy-
drodecalin core in racemic form, and C1€25 [(R)-10],
containing the (1R) stereogenic center (Scheme 1). This
disconnection requires the de novo formation of the dihy-
dropyran moiety but allows for the simultaneous generation
of diastereomeric probes from an aldol coupling of the

of asymmetric allylation12) was converted into silyl ether
13 before the terminal alkene was oxidatively clea¥ed
give aldehyde (R)-10.

The synthesis of the core domain utilized enotig-14
(Scheme 3), a versatile synthetic intermediate employed in

(12) De Rosa, M.; Solladié-Cavallo, A.; Scettri, Aetrahedron Lett.

(9) Puliti, R.; De Rosa, S.; Mattia, C. A.; Mazzarella,Acta Crystallogr. 2000,41, 1593. Either enantiomer &0 would be readily accessible.
1990,C46, 1533. (13) Racherla, U. S.; Liao, Y.; Brown, H. Q. Org. Chem1992,57,
(10) De Rosa, S.; Puliti, R.; Crispino, A.; De Giulio, A.; De Sena, C.; 6614.
lodice, C.; Mattia, C. ATetrahedron1995,51, 10731. (14) Pappo, R.; Allen, D. S., Jr.; Lemieux, R. U.; Johnson, W. 8rg.
(11) Kernan, M. R.; Faulkner, D. J. Org. Chem1988,53, 2773. Chem.1956,21, 478.
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Scheme 3. Synthesis of the Dehydrodecalin Intermedifite Scheme 4. Diastereochemically Divergent Total Synthesis
O OFEt

MeCuBF,

BugP, THF
o (87%)

1) LIAIH,, ELO (81%)

2) TMSCI, Ef;N 20 (8R/S,13,14-syn) 21 (8R/S,13,14-anti)

DMAP, CH,Cl,
(94%) TBAF|(75%) TBAF|(75%)
22 (8S,16R) 23 (8R,16R) 24 (8S,16R) 25 (8R,16R)
1) SOCI, Pyr

2) TsOH, CH,OH
(88%, 2 steps)

1) LiOH 1) LiOH
2) Ac,0 2) Ac,0
3) DBU 3) DBU

(48%) (48%)

1) PGC, CH,Cl, (93%)

2) MeOCH,P(Ph),Cl
KHMDS, THF (92%)
3) HCI, dioxane (83%)

° o 26 (85,95,10R,16R) 27 (8R,9R,108,16R)
(MeO)zH\)koMe DIBAL
KOt—BU, THF (760/0) CHQC|2
10 (66%)
CuCl,, NaBH
MeOH (89%)4[ (-9
a total synthesis of dysidiolid&.Although the enone system _
is distorted from planarity in the ground-state conforma- 28 R=OH—y) '?;s‘lsoi/F)'/BFa'OE‘z
tion pf 1_4, conjugate additiqn of a methylcopper-(l)-;BF 29 R=H 30, Rose Bengal
specie¥ in the presence of tributylphosphiri@rovided the EI i-Pr,NEt, CH,Cl,
geminal 5-dimethylated ketond5 in high yield. Simulta- (62%)

neous reduction of both the ketone and the ester function
alities of 15 using LiAIH, gave a diol that was selectively
monosilylated to provide secondary alcoiél Subsequent ~ €sterl9 in a routine fashion. Regioselective reductibof
dehydration with thionyl chloride and pyridine followed by ~®./-unsaturated estel9 completed the preparation of
desilylation installed the core isolabdane trisubstituted alkene ()-9- ) o .
and liberated the side chain alcohol d7. The primary The two strategic building blocks were joined as a prelude
alcohol of 17 was elaborated into the one-carbon-homolo- t© formation of the linking dihydropyran moiety. For this,
gated aldehydel8 via a reliable three-step sequeriée. the lithium enolate of ester (+)-@as added_to aldehyde
Thereafter, aldehyd&8 was converted into, S-unsaturated (R)—lOto generate two sets of chromatographlcally.separable
diastereomerg0and21 (Scheme 4). Each set contained both
(15) (2) Demeke, D.: Forsyth, C.0rg. Lett.2000 2, 3177 (o) Demeke,  (0:9R,10S)- and §9S,10R)-dehydrodecalin cores, vide

D.; Forsyth, C. JTetrahedror2002 58, 6531. Ley and co-workers prepared  infra, and presumably (13,14)n and (13,14)anti aldol-

a similar intermediate. (c) Ley, S. V.; Simpkins, N. S.; Whittle, AJJ. type products, respectively. The latter supposition was
Chem. Soc., Chem. Commutf83, 503. (d) Jones, P. S.; Ley, S. V.;

Simpkins, N. S.; Whittle, A. JTetrahedron1986,42, 6519. inconsequential as the C13 and C14 stereogenic centers were
(16) Yamamoto, Y.; Yamamoto, S.; Yatagai, H.; Ishihara, Y.; Maruyama, subsequently eliminated. After cleavage of the C16 silyl
K. J. Org. Chem1982,47, 119. ethers the sets of 816R)-(22+ 24) and (R,16R)-(23+

(17) Oppolzer, W.; Moretti, R.; Godel, T.; Meuner, A.; L6her, H.
Tetrahedron Lett1983,24, 4971.

(18) Greenwald, R.; Chaykovsky, M.; Corey, EJJOrg. Chem1963, (19) Narisada, M.; Horibe, I.; Wanatabe, F.; TakedaJKOrg. Chem.
28, 1128. 1989,54, 5308.

Org. Lett., Vol. 5, No. 7, 2003 993



(85,95,10R,16R)-26

Figure 2. X-ray structures of lactone®6 and 2720

25) diastereomers were readily separated. Using the isolated

Furans26 and 27 were separately advanced to (8S,9S,-
10R,16R)-4and (8R,9R,10S,16R)a% indicated in Scheme
4 for compound26. This involved reduction of the C24
lactone carbonyl to the corresponding lactol followed by
deoxygenatioft to form the dihydropyran. Final regioselec-
tive oxidation of the furan moiety was accomplished using
singlet oxygen according to Faulkn@rAs noted previously,
the C25 hemiacetal center dfexists as a readily isomer-
izable mixture of epimers.

Synthetic (§9S10R,16R)-4 ([a.]p —12C° (¢ 0.01, CHCY))
obtained from26 uniquely matched cacospongionolide F
isolated fromFasciospongia cezernosa?? Thus, the original
assignment of relative and absolute configuratiodlfias
been corroborated via unambiguous total synthesis. The
relative and absolute configurations of cacospongiondalide
determined here via a total synthesis that is supported by
X-ray crystallography of key intermedia®6 match those
of 1° 25-deoxy-2'° and 23 In addition to supporting a
common stereochemical relationship between the decalin
core and oxacycle domains among the cacospongionolide
natural products, this work represents a convergent and
stereochemically flexible entry that is amenable to further
synthetic diversification of this biomedically promising
chemotype.
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