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Abstract: The C&21 portion of algal metabolites was syn- 
thesized as the 9-aldehyde bearing a on the Cl 1 hydroxyl and a 
trimethylsilylethoxymeth~l 
asymmetric oxazaborolrdine 

asymmetric aldol ant an 
(>90%) stereoselectrvrty 

The aplysiatoxins and the “A” oscillatoxins (1 - 6) are a class of natural products, known to be 

produced by three species of tropical marine bluegreen algae,’ which are notable for their tumor 

promoting activity.2 Oscillatoxin D (7) and 30-methyloscillatoxin D (8) are nontoxic co-metabolites 

of these organisms3 which have been observed to possess antileukemic activity.4 One synthesis of 

debromoaplysiatoxin (9)s and two syntheses of the nonnatural, albeit biologically active, 3-deoxy- 

aplysiatoxins 9s and 107 have been reported. In conjunction with our current synthetic studies on 

the “D” oscillatoxins 7 and 8, and our ongoing interest in the oscillatoxins in genera&s we recog- 

nized that a general approach to all of these natural products could be made using the C&9 bond 

construction afforded by the aldol addition of a Cs enolate to the Cg-C21 aldehyde 11.9 This stra- 

tegy differs from those utilized before for the assembly of the carbon skeleton of the aplysiatoxins,6-7 

and it has allowed us to design a more practical synthesis of the C&21 moiety --- as 11 --- than 

any previously reported. In this communication, we report the accomplishment of this design, which 

is notable for its timely utilizations of the “Evans aldol,” the “Corey oxazaborolidine reduction,” and 

imine anion technologies as well as its brevity. 
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The stereogenic centers at Cts, Cl1 and Cl2 were established via synthesis of the Cg-Cl8 

subunit 15 as indicated in Scheme 1. Protection of the hydroxy group of (S)-methyl 3-hydroxy-2- 

methylpropanoate (12) as the paLa-methoxyphenylmethyl (MPM) ether,18 then reduction yielded 

the aldehyde 13 in 60-70% overall yield .ll Addition of the diethylboron enolate derivative (14) of 

(4R,5S)-4-methyl-5-phenyl-3-propionyloxazolidin-2-one l2 to 13 yielded a 60-70% crude yield of a 
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mixture of aldol products in which one diastereomer constituted greater than 90% of the mixture, ac- 

cording to NMR analysis. Crystallization of the crude mixture from ether/hexanes yielded the major 

diastereomer (15) in pure form, in 49% yield; chromatography of the mother liquor allowed the iso- 

lation of an additional 5% of 15. The 8y~ relationship between the Clt-hydroxyl and the C&-methyl 

groups in 15 was indicated by the well-established precedents for Syn-selectivity by boron enolates 

of N-acyloxazolidinones,ls and by the observed vicinal coupling constant of 3.4 Hz for the Cl&t2 

hydrogens. The ti relationship between the Ctt-hydroxyl and the Clo-methyl group in 15 was 

established by conversion of 15 to the acetal 16 (DDQ, CH#s).t8 1H-NMR analysis of 16 re- 

vealed a vicinal coupling constant of 11 Hz for the Cl& 1 hydrogens, indicating an ti relation- 

ship. Thus, as noted for other cases by Evans, 12 the stereodirecting effect of the oxatolidinone 

moiety in 14 overrode the directing effect of the chirality resident in the aldehyde 13. 

The remainder of the Cg-C21 skeleton of the aplysiatoxinsloscillatoxins was assembled as 

indicated in Scheme 2. Removal of the oxazolidinone moiety by esterification, then reduction 

cleanly afforded the diol 17 in 56-74% overall yield. l4 Selective mesylation, displacement using 
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iodide, then protection of the 11-hydroxyl group yielded the iodide 18 in 56-60% overall yield.18 

Treatment of this iodide with the imine anion 19 (derived from the corresponding imine and LDA)l8 
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in THF-HMPA, followed by hydrolysis of the imine functionality, resulted in the C&21 ketone 20 in 

78% yield after purification. 

Completion of the synthesis of 11 is indicated’in Scheme 3. Reduction of the ketone 20 by bo- 

rane in the presence of 30-40 mole percent of the R-oxazaborolidine reagent 21” yielded the alco- 

hol 22 in 74% yield after purification. NMR analysis of the crude product (in comparison with a 50: 

50 mixture of diastereomers prepared by sodium borohydride reduction of 20) indioated a diaster- 

eomeric ratio of >95:&. The major diastereomer’22 was assigned the 15s configuration on the ba- 

sis of the precedents for similar asymmetric reductions, 17 and on the basis of the CD spectrum of 23 

(in ethanol), which exhibited positive Cotton effects for the absorbances at 288 nm and 271 nm, in a- 

greement with the Cotton effects observed for aplysiatoxin and other benzylic ethers having the S 

configuration at the benzylic center. lb The Ireland and Yamamura groups, during their separate 

syntheses of 3-deoxyaplysiatoxin,67 used Noyorl’s chiral binaphthol-LiAIH4 reagent16 and Brown’s 

diisocampheylchloroborane reagent,16 respectively, to achieve a similar asymmetric reduction of a 

15-keto precursor. 
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Straightforward 0-methylation followed by deprotection of the 9-hydroxyl group yielded the 

alcohol 23 in 85% overall yield after purification. Swem oxidation converted 23 into the aldehyde 

11 in 99% yield. Thus the C&21 moiety of the aplysiatoxins and osclllatoxins was produced in 13 

steps and 5-7% overall yield from the commercially available ester 12. 

To demonstrate the utility of 11, it was treated with the lithium enolate derivative of the methyl 

ketone 24. This resulted in the formation of the alcohol 25 --- a C&21 subunit of the aplysiatox- 

insloscillatoxins --in 85% yield as a mixture of diastereomers. Further details of this and subsequent 

synthetic manipulations aimed at a total synthesis of the “D” oscillatoxins are forthcoming.66 
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