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The natural producti)-cacospongionolide Blj, isolated from
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the marine spongEasciospongia ceernosaby De Rosa and co- he, =
workers in 1995 was shown to possess antimicrobial and cytotoxic —
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activities! Moreover, the natural product’s potent antiinflammatory
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activity? was attributed to its inhibition of secretory phospholipase 3 4 o

[O]
A, (sPLAy). Given the role of inflammation in diseases such as 3 =

asthma, psoriasis, and rheumatoid arthfitdentifying and devel- ¢ o _
oping potent inhibitors o8PLA, continues to be of importance. : o)
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. . L . . Figure 1. Retrosynthesis of cacospongionolide B.
The biological activities of cacospongionolide B have been 9 4 pong

attributed to itsy-hydroxybutenolide moiety, which is thought to  generated at a later stage in the synthesis through a selective ring-

act as a masked aldehyde. Manoafi@2) with a similar side chain, closing metathesis.

has been shown to bind covalentlysLA, through the formation The synthesis commences with the preparation of kefondich

of a Schiff base between thehydroxybutenolide-derived aldehyde s generated in four steps from the known homoallylic alcdhol
and a lysine at the enzymdipid interface® Accordingly, (+)-1 (Scheme 1). Brown’s asymmetric allylboration provided alcdhol
has been tested and shown to have inhibitory activity similar to in 73% yield and 94% e®Alcohol 6 was then converted to ester
manoalide against several phospholipdses. 8 through an etherification with ethyl bromoacetate in 84% yield

As an initial step toward exploring further the biological activities (based on 76% conversion). The saponification of e8temd
of (+)-1, we required access to the natural product, as well as conversion to the Weinreb amide proceeded in 86% yield for the
structural variants. Given its interesting biological activity, itis not two stepsi® Addition of vinyl Grignard into the Weinreb amide
surprising that several reports have appeared describing syntheticoccurred in 83% yield and completes the preparation of vinyl ketone
approaches toward cacospongionolide B; however, none have yet7 in an enantiomerically enriched fashion.
resulted in a total synthesisHerein we report the first total
syntheses of)- and (—)-cacospongionolide Bas well as our Scheme 1. Synthesis Of(;/inyl Ketone 72
preliminary studies on its antiinflammatory aqty and praide 0
preliminary insight into the structural requirements for sRLA HO., Z _a, EtO)Jvo Z b,c.d sAo 7
inhibition. év %v gv

From a retrosynthetic perspective, cacospongionolide B com- 6 \ o 8 \_o \_o

ri region nn through an ethylene linker (Figur
E).S'I?r?e:\rl\;cr)]sjg(?alisn (p:)?)rtioe: Tg ?:oupcl)euc? thra(l)uger: zi/ qeu;[erna(rey éargzne *Reagents: (a) NaH, THF, Tt BrCH,CO,Cots, 0°C (849 at 76%

o . . . conv.); (b) LiOH, MeOH/HO (3:1), rt; (c¢) MeO(Me)NHHCI, DIC, DMAP,

(C9) to the heterocyclic side chain. Given the distance between TEa 'CH,Cl,, 0 °C—rt (86%, two steps); (d) FC=CHMgBr, THF, —78
relevant stereocenters, absolute stereocontrol is required in theto 0 °C, (83%).
preparation of each fragment. In our initial analysis, fragménts ) ] ) ]
and4 were to be coupled through an established reductive alkylation ~AS illustrated in Scheme 2, Li/Nireduction of the enong't
protocol (Plan A¥ While homoallylic iodide4 is prepared readily ~ followed by trapping of the resulting enolagewith vinyl ketone7
through an enyne metathesis of compoufidfollowed by a in E_tZO prowd_ed compqundOas the mgjordl_astereomer Wlt_h the
hydroboration/oxidation of the resulting diene, all attempts to desired relative decalin stereochemistry in 70% yiéldBis-
alkylate4 were problematic in that elimination of HI was competi- Cl€fination of diketond Owith PhP=CH; formed trienel 1in 60%
tive with alkylation using enolat8. To circumvent this problem, ~ Yield. With the desired trien&1 in hand, a selective ring-closing
we explored a Michael addition of enolaeinto enone? (Plan metathesis to install the dihydropyran ring of the side chain in lieu

B). In this approach the natural product's dihydropyran ring is of thg other possibl_e'five- and ten-membere_d ring closures was
examined. Not surprisingly, Grubbs’ metathesis cat&lgsherated

* To whom correspondence should be addressed. E-mail: marc.snapper@BC.edudihydropyranl2 selectively in 91% vyield.
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Scheme 2. Total Synthesis of Cacospongionolide B
o

aReagents: (a) Li/Ng t-BuOH, EO, —33°C; 7, EtO, —78°C (70%);
(b) PP=CH,, DMSO, 75°C (60%); (c) CyP(iMes)(CI)Ru=CHPAh,
CHyCly, rt (91%); (d) [(COD)RhCH, (R)-BINAP, H, (3 atm), CHCl,, 30
°C (91%, 3.3:1.dr); (e1 N HCI/THF (1:2), rt (90%); (f) PEP—=CH,, DMSO,
75°C (84%); (g) Q, Rose bengal; PRLNEt, 150 W tungsten filament lamp,
CHoClp, —78 °C (69%).

With most of the side chain in place, the next challenge was
selective reduction of the decalin G&colefin. Heterogeneous
hydrogenation catalysts (i.e., Pd/C, Rh/C, Ir-black, Pt-black) proved
nonselective under a variety of conditions, reducing both isolated
olefins, as well as the furan ring. Homogeneous hydrogenation
catalysts can be more discriminating, and in that regard, Wilkinson’s
catalyst reduced selectively the desired disubstituted olefin in high
yield, however with only modest diastereoselectivity (1.7:1) favoring
the desired compourid.Improved results were obtained with a
chiral rhodium catalys'® (R)-BINAP/Rh(I) catalyst (20 mol %) in
CH,ClI; at 30°C under 3 atm of Hprovided the desired isomer in
91% vyield (based on 76% conversion) as a 3.3:1 mixture of
diastereomer¥ The double diastereoselectivity imparted by the
chiral ligand was slight; the §-BINAP ligand offered a 3:1
diastereomeric ratio, again favoring the desired stereochemistry.

With all stereocenters of the target molecule in place, completion
of the synthesis required conversion of the protected C4 ketone
into anexoolefin. Removal of the acetal under acid conditions in
the compound resulting from hydrogenationl® followed by a
Wittig olefination generated furah3 in 76% overall yield for the
two steps. Finally, photooxidation of the furan moiety under basic
conditions$” unmasked the desiredhydroxybutenolide functional-
ity in 69% vyield and completed the first total synthesis &f)
cacospongionolide B. In an analogous fashion, the enantiomer of
the natural product was also prepared using the appropriate
enantiomeric catalysts and reagents.
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Figure 2.

Inhibition of SPLA, with synthetic variants of cacospongionolide
B revealed several important aspects (Figure 2). The inhibition is
enantioselective; the natural produ¢f{1 is a more potent inhibitor
of bee venomsPLA, than the unnatural enantiomer)-1.

Moreover, the inhibition is notable for the synthetic precursor
possessing the furan ring in place of raydroxybutenolide moiety
(+)-13. These results suggest that thénydroxybutenolide is not
the sole structural feature of the natural productated in SPLA
inhibition.

In summary, the first total syntheses &f)¢ and (~)-cacospon-
gionolide B have been accomplished in 12 linear steps from
commercially available starting materials. The pivotal transforma-
tions include a three-step sequence that couples the two fragments
of the natural product and generates the dihydropyran ring. The
activity of the analogues against bee vengiPhA, suggests that
cacospongionolide B has an enantiospecific interaction with the
phospholipase that is independent of theéhydroxybutenolide
moiety. To identify improved antiinflammatory agents, efforts are
underway to prepare more potent inhibitorssLA, using the
cacospongionolide scaffolding.
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