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Abstract: Aldehyde 11 was prepared with >90% ds using a Sn(II)-mediated aldol reaction 
between 0-W and (57-14. Convemion into he ~_pycone 8, a knowq degradation product from 
dihydrosiphonarin B, cstablisbed the absolute umllguration ss enantioqe& to that shown in 4. 

Marine pulmgnates of the genus Siphonaria are limpet-like mulluscs which produce characteristic 
polypropionate metabolhea. Siphonarin A and B were first isolated by Faulkner et aL from S. zekurdica collected 
in the intertidal zone along the coast of New South Wales, Australia1 Using spectroscopic and X-ray analysis, 
the. y-pyroue-containing structures 1 aad 2 (Scacme 1) were determined for siphonarin A and B respectively. 
The analogous dihydrosiphonarin A (3) and B (4) we= also isolated by Ireland et a& from S. MM collected 
at Gahu, Hawaii. In this earlier work, the absolute configuration of the siphonarins was not determined and the 
arbitrary choice of the ensntiomer shown was made. Other siphonariid metabblites subsequently reported 
include the related y-pyrones haconipyrone C (5) and D (6). za which lack the normal contiguous carbon 
skeleton of a polypropionate. and muamvatin (7). ~ which has an unusual 2,4,6_trioxadamantane ring system. 

swA,R=H (1) 
sPhonarkrEJ,R=Me (2) 

Scheme 1 

Fkviously, we have stspmed the first total synthesis of muamvath$ leading to the assignment of the 
f~stereostrucauleas7.~~4AbpBttof~~~onthe~~aadbsoonipyroneqHnnowdGscribe 
an enantiocontrolled synthesis of the rpyrone acid 8. This is found to be antipodal to a degradation product 
obtained in the isolation of dihydrosiphonarin B.1 Taken together with the X-ray analysis of a siphonarin A 
derivative by Garson et al. ,5 the absolute configurations of the siphonarins and baconipyrones a~ determined as 
elumriomelic to those indicated in shxchues l-6. 
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The siphonarln ring system contalns a highly substituted spiroacetal with ah its alkyl substituents 
equatorially otiented and both acetal oxygens axial with respect to the other ring. The X-ray crystal stmctutet of 
siph0narh.r A (1). reproduced in !&bama 1, shows this clearly. As outlined in Sebema 2, our synthetic plan 
for siphonarin B (2) and@hydrosiphonarin B (4) depends on aqaiaing thermodynauk control in the cyclisation 
of an acyclic precursor such as 9.6 This triketone 9 (or a suitably protected derivative) should be available from 
an apptoprlate aldol coupling at C&g between the two segments W and 11, folhibed by car&oxidation at 
Cg preserving the labile Ca and Cl4 stereocentres.7 h, the dehed acid 12 should also serve as a C9C21 
subunit for the synthesis of baconipyrone C (5). Note that the unprotected form of this ketoacid, ic. 8 (with 
undefined absolute steteochemistry), was reported to co-occur in the isolation of dihydrosiphonarin B and is 
probably a degradation productlg Our initial goal then was an enantiocontrolled synthesis of the Q-C21 
segments 8, 11 and 12. Using our general protocol for polypropionate synthe&~,~ these should come from a 
stereocontrolled aldol coupling at CtIE_c13 between dipropionate reagent o-13 and r_pyrone aldehyde Q-14. 

10 

+ i 
TIP 0 - -2 + 

(a-13 8:R=0H;P1sH 

ll:R=H;P1=PMB 
12:R=oH;P,=PMB 

Scheme 2 

-Q 

The synthesis of the Cg-Czt segments 8.11 and 12 is shown in scheme 3. The ketodiol 15 was 
prepsmdl* as a mixtum of diastemomers, using a four-step sequence from diethylketone: (i> a titanium (IV)- 
mediated, syn aldol couplingtt~t2 with aldehyde 16, (ii) silyl protection of the tesulting &hydroxyl group, (iii) a 
similar aldol additionll on the other side of the ketone group in 17 to propionaldehyde, and (iv) HF 
&protection. The rpyrone ring was prepared by cydisation of the corresponding 1.3.5~triketone 18 under the 
conditions of Yamamura et al. t~Theefficiencyofthisprocessisdetenninedbytheoxidationmethodusedinthe 
preparation of the triketone. 14 Dess-Martin oxidationt5 of 15 gave the triketone 18 (as a mixture of tautomers 
by tH NMR), which without purification was directly cyclised by DIMS0 I oxalyl chloridel3 to fotm the y- 
pyrone 19 in 54% yield. Hydrogenolysis of the benxyl ether and Dess-Msrtin oxidation of the resulting alcohol 
20’6, [a];o = -31.0° (c 2.0, CHC13), then gave the aldehyde O-14. This aldehyde was prone to racemisation 
and could not be stored. 

The ethyl ketone (s)-13, [aGo = +40.4’ (c 1.0. CHC13). was prepared by a modification of our route 
to the correspondiug benxyl ether.gbL7 Suitable syn-syn stereocontrol in the aldol coupling of the dipropionate 
reagent ($9-13 with ,aldchydes can be achieved via its tin(B) enolate 2l.9C Thus enolisation of (S)-13 with 
Sn(OTf)z / Et3N in CH2Cl2, followed by the addition of freshly prepared aldehyde (S)-14, gave the aldol 
adduct 22 as the major isomer18 with 93% ds. Due to partial racemisation of the aldehyde, a small amount (7%) 
of aldol products from addition to (R)-14 were also isolated. Using SmI2 (1 equiv) and acetaldehyde, an Evaus- 
Tishchenko reduction19 of 22, with concomitant Cl3 hydroxyl protection. gave acetate 23 with >97% ds in 
76% yield. A due&step sequence of protecting group manipulations then led to dial 24 (67%). 
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Careful Swem oxidation of 24 gave the ketoaldehyde 11. which corresponds tir a Q-C21 subunit for 
future use in the synthesis of siphonarin B and dihydrosiphonatin B. Using buffered sodium chlorite, further 
oxidation through to the C9 acid 12, [o]? = +63.8” (c 1.0, CHC13), was achieved without any detectable 
epimewon at the Ct2 stemocen tm (93% from 24). This compound corresponds to a Q-C21 subunit for the 
synthesis of baconipyrone C. Finally, hydrogenolysis of the PMB ether in 12 gave the p-hydrcxy acid 8 in 81% 
yield. lhis had tH NMR data in agreement 20 with that recorded by Ireland et cL.1 while its 13c NMR qctrum 
matched with the corresponding resonances (C9 through to C21) recorded for baconipyrone C.2a Similar 
homology was seen in the 1H and 13C NMR spectra of the methyl ester derived from 8 (CHzN2)JO Synthetic 8 
had [old = +I 15.0” (c 0.5, CH2C12), while that reported for material isolated from 5. rwrmuZis was [rr$,c = 
-86.5’ (c 0.052, CH2C12).lZ1 Thus the absolute stereochemistry of dihydrosiphonarin B and siphonarin B is 
enantiomeri& to that indicated in structures 4 and 2 in Scheme 1. This is also expected to hold for siphonarin 
A and dihydrosiphonarin A. In the cssc of the baconipyruncs, which appear to be formed by rcarrangcment of 
the siphonarin skeleton.2a we have determined that baconipyrone D and siphonarin A are in the same 
enantiomeric series.23 

(s)-13 16 17 15 

hi el 

TIP 

0396d8 

i 

(78%) 
- 

22 23:P1aH:Pz=TlPS;Ps=Ac \ 
c 

ll:R=H;Pt=PMB \2, 
24 : P,= PMB: P2= Ps= H (67%) 

Jz 
12:R=OH;P,=PMB(93%) 

B:Rrcm;P,=H(81%) 

&hems! 3 (a) Et2CO. TiC14. CH2Cl2. -78 “C, 30 m&c +rdW, 90 min: 16. 2 h; (6) TBsoTf, 2.~lutidine, 
CH2C12, -78 OC. 2 b; (c) TitL CH2CX2. -78 OC. 30 min: V@Et, 99 mio, EtCHO. 90 min, (d) HF. MeCN, 20 OC, 
2 h;((e~Dess-Matttx posiodimane, dii2&. 29 “C, 30 miw ti (COCl)2, DMSO. CIi2C12. -2d ‘C. 2 b; (s) Hz, 10% 
F4W. H4OH. 20 %‘2 h; (h) Sn(on)z, EtsN, CH2Cl2. -78 OC, 90 min; (S&13,1 h; (i) Smi2 (1 aquiv). MeCHO (5 
equiv), THF, -10 “C, 30 miw (j) pMBOC(CCl+NH, TfOH (0.3 mol’k). JStzO. 20 T. 45 ntin; (k) TBAF, THF, 
20 ‘C, 90 mix; (0 K2COs. MeOH, 60 “C. 3 h; (DI) (Coclh. DMSO. CHzCls, -78 “C, 1 b, EtsN, + -30 “C, 30 
min; (n) Na002, NaHzP04, M@=CHMe. %uOH/Hfl, 20 “C, 39 min; (0) H2,10% PdIC, EtOAc, 20 Y!. 16 II. 

In summary, a full stexeochemical sssignmcnt has now been made for the siphon&us. together with an 

analogous assignment for the baconipyrones. Their structural and stereochemical similarities with other 
siphonsriid metabolites rue considered in the following paper.6 leading to a revised configurational model. 
Further work directed towards the total synthesis of sipho& B and baumipyronc C is underway. 
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