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Abstract: Using a model system, a stereoselectwe assembly of rhe I-ox~prrolSJ]undec-4-ene-8-one rrng system of 
the antileukemrc natural products osczllatoxtn D and SO-methyloscrllaloxln D was demonstrated A key step was an 
zntramolecular attack of the Cl-C3 P-ketoester enol an a trlyl-actwoted 2,3-dihy&o+pyranone to create a .ulyloxy 
analogue of the natural products’ spwohqclzr rq ryrtem 

Oscillatoxin D (1) and 30-methyloscillatoxin D (2) are nontoxic natural products found in three species of 
tropical marrne bluegreen algae of the class Oscillatoriaeceae 1 They co-occur with the toxic polyacetate tumor 
promotors of the aplysiatoxm/oscillatoxin A class, 2,3 and are remarkable for their antileukemic actlvity.4 We 
have been involved in synthetrc studies of the oscrllatoxins and aplysratoxins,5 and are particularly interested rn 
the “D” oscillatoxtns because of the synthetic challenge posed by their unique 1-oxaspiro[P$ndec-4-ene-&one 

ring system, which encompasses sensruve P-ketoester and tertiary allylic ether moreues. A synthetic route to this 
ring system which features an attack of the Cl-C3 P-ketoester on a cychc “oxadrenyl cation“ (Scheme 1) seemed 
reasonable for selectively producing the C2 and C7 stereogenic centers Thts communication rcnorts the 
successful demonstratton of thts striate gy in a model system which nroduces a 9-oxvgenated analogue of the 

otherwrse authentic snirobicvcloundecenone tine system of the “D” oscillatoxlng. 

1. Osclllatoxln D R = H 
2: 30-Methyloscillatoxm D R = CH? bProt 

For our model study we used a methyl group at C13, reasontng that the isopropyl group attached to the 
pyran ring would faithfully mimrc stenc effects of the natural product’s C!13-C21 moiety. 

The C3-CS (oscillatoxin numbering) intermediate 3 was synthestzed from (S)-methyl 3-hydroxy-2- 

methylpropanoate m five steps (Scheme 2). Hydroxyl protection, 6 reductton (to 4), and functronal group 
manipulation produced the todrde 5, which was added to the thermodynamic enoxyborate denvauve of 3methyl- 
2-butanone7 to yield 3 tn 40% overall yield. * This ketone can be used as a stat-tine: material for the synthesis of 

any of the ani~iatoxin/oscillatoxin natural products. 

Subsequent assembly of the model Cl-Cl3 morety of the “D” oscrllatoxms as the drketopyranone 6 is 
indicated in Scheme 3. Oxidation of 4 followed by the chelatton-controlled addition of an isopropyl group 

yielded the alcohol 7.9 Protechon of the 1 1-hydroxyl group followed by deprotecuon/oxidanon at C9 yrelded 
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Scheme 2 

C02CH3 
-_ 

a (67F/o), OH c (90% crude), I e (70%) 

b (828) d (94%) 
4 5 

3 

a) p-CH3O-CgH4-CH2OC(=NHJCC13, camphorsulfomc acid, CH2Cl2, 2S”, 18 hr. b) I LiAlH4, THF, @; 
2. H20. c) CH3SO2CI, Et3N, CH2Cl2, 0°,30 min. d) NaI, acetone re@x, 4 hr e) 1 KH + 3-methyl-2- 
bu&qofE T:YF, ‘5” 4?2 .v&qmI~ 2 &z&uz@ (-i q); 2_$@?; ::- .mlz; 3 g.drLs;~!~~:J i .hr.~ 

the aldehyde 8. Addmon of the lithium enolate derivative of 3 to 8 resulted in the C3-Cl3 aldol product 9 as a 
4.1 mixture of diastereomers whose relative configurattons wcrc not determined.10 Oxidation to the P-diketone 

foilowed by hydrogenoiyuc deprotectionl 1 yielded hydroxydlkemne 18; whi~ch umlerwent intramolecular 

ketalization/dehydratlon to 11 under acid catalysis Conversion of the C3-hydroxymethyl group to the aldehyde, 
then addttion of the lithium enolate of trimethylsilylethyl acetate produced the Cl-Cl3 P-hydroxyester as a 2:l 
mixture 0f d~astereomers-. Oxidati0n usingSwern’s ox&y1 chl0rrdeBXQO rectpe~~elded~ the desired pi kemcster 
6 plus a significant amount (18%) of a P-chloroester byproduct. We are confident that a change m oxidation 

conditions can prevent the production of the byproduct l2 
Treatment of 6 with an excess of m-butyldimethylsilyl trifluoromethanesulfonate in the presence of an 

amme resuited in the rapid fbrmation of-the four diastereomenc spirobicyclic prodn~ct5 PZ-Z5, m a 70:6: r2 Tz 

ratio, m 72% yield (Scheme 4). The labile diastereomers were separated by HPLC.~~,~ Nuclear Overhauser 
effect (NOE) difference spectra of 12-14 allowed the indicated structural assignments to be made.14 A few of 

Scheme 3 

MPMO OH 
a (97% crude), 

b (41%) a (100% crude) 

4 7 8 

al 
I 
+ 
J?i 

I MeTSCl+ Cl-, -780, CH2C12; 2 Et-TN h) 1 zPrMgC1 I CuBr-SMe2, THF, -78o, I .5 hr.; 2. H20. 
KH, TI%F, O”, 10 min.; 2 PhCHZBr, a”, 1 hr d) DDe, 5 I CH2Cl2 pH 7 buffer, 2So,lO mm e) 1 

LDA. THF. -78o,5 mm : 2 add 8, -780J 30 min., 3 H20 f) H2 (40 psi), W-2 Raney NI, EtOH, 9 
HzCH~Sihlej, UHF, -780, 

%n., 2. H26 

c) 
3 

hr 
30 

the salient NOE’s whrch were observed for 12-14 are indicated in Scheme 4. For each dtastereomer, the NOE’s 
between 2-H and 4-H and/or 25-11 allowed the relative configuration at C2 to be assigned, and the NOE’s 
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between 11-H and 2-H -- or between Z-H and 8-H -- allowed the relatrve configuration of C7 to be assrgned 

The NOE’s observed for the major product 12 corresponded best wrth the 2S,7S structure, which corresponds 
with the configuration of the “D” oscrllatoxms l5 Furthermore, the product 12 exhibited a long-range couplmg 
(5 = 1.0 Hz) between the two hydrogen, on C2 and C4, as observed in the natural products 1 and 2, and 12 

was observed to eprmenze to its C2 epimer, 13, upon standing, Just as the “D” oscrllatoxms were reported to 

epimerize. l 

6 
tBuMe,SiOTf (6 eq.), 

tPr,NEt (6 eq ), CH,CI,, 
O”C, 1 hr 

SIgnal Signal NOE ObservedPa 

&LX&U Scrutmrzed 12 Lz 14 

11-H 2-H yes (3 3) + no 
11-H JO-H yes (3.3) -b- no 
II-II 24-H 

;zs (I 9) 
-b- Yes iI 9) 

2-11 4-H no -b- 
2-H Il-H yes (33) no -tF 
2-H 25-H yes (I 9) no yes iI 9) 
2=II 24-H no yes (2 2) no 
2-H 8-H no yes (3.1) Ye> (2 3) 
2-H tBuSi no yes(A) -LF 
2-H Me2.Q no yer(-1) + 

‘NOES (approxmate percentages) grven rn parenthestx14 
7Results obscured or ambtguous due to overlappzng agnals 

I 

A justification for the stereoselectivity of the Lewis actd-mediated cyclization of 6 to produce 12-15 IS 
offered in a stmpltstic form in Scheme 5. Silylatron of the 9-keto oxygen would produce the oxadrenyl canon 16 

which is activated for nucleophilic attack by the enol (or stlyl enol ether) form of the Cl-C3 P-ketoester. Attack 
on the a face of C7 (16a) suffers less stenc interference (the mcoming nucleophrle bemg 1,4-b to the lo- 
methyl group) than attack on the re face (16b, where the incommg nucleophile is 1,3-& to the 1 l-isopropyl 
group). The selectivity for the 2s product depends upon the enol (or enol ether) favoring the Z configurahon, as 

expected for P-ketoester systems 

Scheme 5 

6 + TBSOTf X 

These results iustifv a svnthetlc desmn for the “D” oscillatoxins which features a Lewis acid-medtatcd “C2 
enol to C7 oxadrenvl cation” cvclization. Synthetic efforts which will follow such a desrgn and improve the 6 ti 

12 stereoselectrvrty are currently underway. It should be noted that a Cg-C21 aldehyde which can substitute for 
the Cg-CL3 model 8 in the syntheses descrtbed above IS already m hand.5b 
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