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Abstract: The energies of the acetal ring systems in siphonarin B (2), muamvatin (S), and 
calouadrln B (7) are compamd. A configurational model for siphonariid metabolites is proposed 
which ratiOm.lises the stereochemispy of their acyclic pmcursors. It contains a tetraptopionate unit 
common to the Cane-Celmer-Westlcy PAPA model for polyether antibiotics of bacterial origin. 

Recent experituentsl~2 on the biosyntbesls of piilypropionate and polyacetate metabolites of bacterial 
origin support a processive mechankm. where each chain extension unit introduced into the growing polyketlde 
chain is correctly functionakked prior to addition of the next chain building unit. ‘Ibese. chemical studies, 
complemented by important advances in tbe biochemistry and genetics of mactolkle and polyetber biosynthesis, 

ptovide a fascinating comparison between polyketide and fatty acyl syntbases.~ 
Marine molluscs of the genus Siphonaria (false limpets) have been found tc produce diverse cyclic 

acetals (see Scheme 1),4.5 which have a high degme of methylation and oxygenation. These polypropionate 

metaholites inch& siphonarin A (1) and B (2) isolated from S. .&undica,~ denticulatin A (3) and B (4) from 

S. &nticuluta,4b and muamvatin (5) from S. normalis .k Baconipyrone C (6), isolated from S. brzconi,~ is 

unusual in that it lacks a contiguous carbon skeleton. More recently, a collection of S. zelandica yielded 
caloundrin B (7) as a minor component.5 which is iaomerlc to siphonarin B and arises by a muamvatin-like 
cyclisation. 

sQhonuhAR=H 0) dantku&W A (3) 
s&ahmah 6, R - Me (2) datrtkulat~ B, CIO-aphrer (4) 

05) 

In previous papers, we have ptovided stmctuml, biosynthetic6 and synthetic evidencr7 leading to the 
assigmnent of the absolute configuration of the siphonarins to be that shown in Sebema 1, together with a 
model for their biosynthesis. In this model. the ~pyrone / sp iroacetal ring system arises from decarboxylation 

and cycliaation of a linear polypropionate’ precursor. Here we analyse the structural and stereochemical 
relationships between tbe siphonariid metahoIites l-7 and propcse a general configurational model which 
overlaps with the Cane-Celme~Westley PAPA model for polyether antibiotics of bacterU origin 
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Previously, we have proposeds that the formation of muatnvatin and the siphonarins is deter&ted by 
tkrmodynamic factors, where the preferted acetal ring system is n&ted to the oxidation state of the carbons and 
the configuration of the hydroxyl and methyl groups in the acyclic precursor. Moreover, these and related 
compounds is&t@ frorq &kmariid mo&scs may represent themmdyqamic. i.e. rmn-enxymic, cyclisation 
products of unstable acyclic polypropionate metabolites. The available cycliquion modes for 8 and 9, likely 
acyclic p&cursors fof muantvatin, and II) and 11, plausible pmcursors’ for Siphonarin B and caloundrin B, 
were considered by ,compariug the calculated etKqies 9Jo of the isomerkqcetal ring systems (scheme 2). 
Since the Cg snxeocentre is readily epimerisable by its n&tionship with a &diJ@one (@I Cto in denticulatin A 
and B), two pmcursors are available iu each case. 

Muamvalin Cyclisatlon A 
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: ---v 16 R’r Me, d= H: 
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14.77kJn’oP (2.9xle3) 
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9.44 Id moi-’ (2.0 x 10-q 

Scheme 2 

For the acyclic precursor 8 (6,8-anti) to musmvatin, calculations showed the derived tri~tyl 
structmc 5 to be significantly more stable relative to the corresponding spiroacetall2. For the I-epi precmsor 9 
(6.8~syn), however, the preference for 13 over 14 was less pronounced. We have previously speculated that 
themuamvatinstructureSisanartifactoftheisolationprocess.8Therruenaturatproductmaybethelessstable 
hemiacetal15 (cf: &ntimtin A and B) formed by partial cyclisation of 8. or conceivably an unstable acyclic 
system related to 8, which mananges on is&&ion and silica gel chromatography to give the thermodyamicslly 
preferred, trloxaadamantyl ting system in 5. 

Repeating these calculations for the two alternative cyclisation modes of the acyclic precursors 10 (6,8- 
syn) and 11 (6,8-anti) led to a preference for the spiroacetal stfllcture 2 in siphonarin B relative to the 
trioxaadamantyl isomer 16. Note that the trioxaadamantyl st~ctun?s 13 and 16 are destabilised by a 13diaxial 
intemction between the methyl groups attached to Cr, and Cs. Hence formation of the minor isomer caloundrin B 
requires epimerisation at Ca of 10 to give 11, which is more likely than 10 to follow the trioxaadsmantyl 
cyclisation mode giving 7 over that producing 17 (= 8-epi-siphon&n B). The thermodynamic c@htion 
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p@a~~ce in these systems thus seems to be a&ctcd by the,syu vs anti relaricmship between thg Q and Cg 
methyl group6 in the ~CJN%C precursors S- 11. 

The siphon&n group of metabolic am derived from the linear combiion of ten propionate units 
(siphonarin B). or one acetate and nine propionate units (siphomuin A), where the termi@ carboxyl mp is 
lost after completion of the chain assembly. In the absence of any expqimenti evidence to the contrary, it is 
assumed that the assembly process is processiw rather than non-processi ve. In the pmcessive~y~modifW 
polyketide precursor 18 (Scheme 3)). the majority of the carbons derived from Ct of propionate ntain their 
original oxidation level, while C5 and Cl1 are reduced giving hydroxyl-bearing stereocen e of opposite 
configuration. The stemochemistq of ketoreductaae enzymes invoIved in fatty acid biosynWs@ia~c@aively 
R-3&11 This stoteochemistry of reduction is also frequentiy.f.2b.c.12 but not exclusively~~~3 shown by 
polyketide ketoreductases. The baconipyrones, e.g. 6 in Scheme 1, arc non-cor#iguous polypropiouate 
mctabolites from S. baconi, which are assumed to a&c either by rearrangement of the siphonarin skeleton? or 
from the precursor polypropioaate 18 itself. 

b s#MxwmnbA,R=H (1) 
ss s, R = Ma (2) 

Scheme 3 

Although the absolute configuration of denticulatin A (3) and B (4),14 and muamvatin (g)k15 has been 
confinned by synthesis, there is no experimental evidence for the direction of chain growth in their associated 
polypropionate precursors. Extension of the above siphonarin biosynthetic model 18 to encompass those other 
siphouariid mabolites**t6 was made by assuming: (0 the maximum number of secondary hydroxyl cen& 
with configuration corresponding to that demonstrated for fatty acids; (ii) any structural variation occurs 
predominantly at the beginning of the polypropio~~ chain; and W9 a ft-keto acid chain terminus is p&ened. 
This results in octapropionate precursors 19. leading to muamvotin; and 20 leading to denticulatin A. An 
intriguing featme. whiih em- when 18-20 are compan?d with each other, is that they all shan a common 
tetrapropiona~ unit as shown by the dashed boxes. 



6932 

Bit!syntbtic models which c~rrolrtte known polyethe&a or macrolidel~ antibiotics and which 
highlight sweochemical homologyt* Mween polyethers and macrolides have been previously pqosed. A 

c~mparixm of our general siphbnariid model with the PAPA model 21 of Cane, Celmer and Wcstleyl7a for 
‘polo i6 &own in &h&me 3. ‘Signifkunt stsuctuml and stereochemical homology exist& where notably 
the tetmpmpiona& unit cormhon to 1% 28 is also’pkent in tbe PAPA model 2l. l%& occnirrmct of COxunOn 

stmctu&l motif8 in bacterial and siphonaciid polypcopionates points to a common’genetk origin?* We are 
cuhwtiy probing the prokins of S. u&&u and related sipbonukls to seanzh f&r large proteikrcsembling 

r@lYYde ayatty ti synttirses. 
A_ ~Wethanlt~AustrplianaesesllchC~~andtbeEpsRCf~’financialsupport.andDr 
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