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ENANTIOSELECTIVE TOTAL SYNTHESIS OF (-)-PRECLAVULONE-A
E.J. Corey and Yi Bin Xijang

Department of Chemistry, Harvard University, Cambridge, Massachusetts, 02138

Summary: An enantio- and stereospecific synthesis of 2, corresponding to the marine eicosanoid, (-)-
preclavulone-A, is reported.

Preclavulone-A was originally detected by radiotracer methods as a metabolite of arachidonic acid in
the Pacific coral Clavularia viridis which produces the clavulone family of prostanoids, e.g. clavulone I (1).1
Chemical and synthetic studies allowed the assignment of structure 2 (or enantiomer) to preclavulone-A,
but the absolute configuration could not be determined since the amounts of this compound which were
obtained were less than 10-15 g.1 In the meantime preclavulone-A has been detected as a product of
arachidonic acid metabolism in the Atlantic coral Pseudoplexaura porosa,? and also in many other unrelated
species of coral,3 making it seem likely that this prostanoid is widely synthesized in corals perhaps as a
predecessor of a number of more elaborate bioactive prostanoids. In order to facilitate ongoing biosynthetic
studies and to ascertain the absolute configuration of preclavulone-A, we have developed an efficient and
enantioselective synthesis of 2 which is the subject of this paper.

(-) (1S5,25)-5-Norbornene-2-carboxylic acid was conveniently synthesized by titanium
tetrachloride-catalyzed Diels-Alder reaction between cyclopentadiene and (R)-pantolactone acrylate ester
as previously described 4 and converted to the 2-endo methyl ketone 3 by reaction with 3 equiv of
methyllithium at -25°C initially and then at 0°C for 1 h (89% yield after extractive isolationS and filtration
through a column of silica gel). Reaction of 3 with 2 equiv of lithium diisopropylamide and 2.3 equiv of
trimethylchlorosilane in tetrahydrofuran (THF) at -78°C for 1.5 h produced the trimethylsilyl enol ether 4 in
96% yield. Heating of enol ether 4 as a 10% solution in toluene at 200°C for 4 h in a base-washed sealed
Pyrex tubeS resulted in Cope rearrangement to form tetrahydroindene 5 (ca. 80%).7 Oxidation of 5 (not
purified) with 1.1 equiy of m-chloroperbenzoic acid in the presence of 4 equiv of sodium bicarbonate in

methylene chloride at -5°C for 1 h followed by treatment with a mixture of 5 equiv of 48% aqueous
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hydrofluoric acid and 5 equiv of triethylamine in methylene chloride at 0° for 1 h produced hydroxy ketone 6
as major product together with the epimeric alcohol as minor product (ratio 6 : 1, total yield 61% overall from
3). Oxidative cleavage of the mixture of 6 and its epimer using 1.1 equiv of lead tetraacetate in methanol8 at
-5°C for 1 h provided methyl ester aldehyde 7 (72% yield).

Chain extension of 7 to form diene ester 8, [a]p22 +74.7° (c=0.72 in THF), was effected in 92% yield
by reaction with the Wittig reagent from n-hexyltriphenylphosphonium bromide (1.6 equiv) and potassium
hexamethyldisilazide (1.5 equiv) in THF at -85°C initially, then at -85°C to 0°C for 1 h and finally at 0°C for
1 h. Saponification of 8 using 4 : 3 : 5 1 N lithium hydroxide in water-methanol-THF at 23°C for 24 h gave
the corresponding carboxylic acid which was treated with 3 equiv of iodine in 1 : 1 5% aqueous sodium
bicarbonate-THFE at 0°C for 2.5 h to give iodo lactone 9 as the only product. Diene lactone 10 was produced
from 9 by reaction with 2 equiv of 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU) in dimethoxyethane at reflux
for 12 h, [@]p22 +11.4° (c=1.5 in THEF), 89% overall from 8. Reduction of 10 with 2 equiv of
diisobutylaluminum hydride in methylene chloride at -78°C for 40 min afforded the corresponding lactol (11,
97%) which was treated with the Wittig reagent from 5-triphenylphosphonio-pentanoic acid bromide (6
equiv) and potassium hexamethyldisilazide (12 equiv) in THF at 25°C for 2 h to give hydroxy acid 12.
Esterification of 12 with ethereal diazomethane gave the methyl ester 13, [a]p?0 -50.1° (¢c=1.77 in THF) in
84% yield from 10. Oxidation of 13 with excess Martin's periodinane reagent® (in methylene chloride at
23°C for 1 h) furnished enone ester 14, [o]p20 ~131.8° (c=1.14 in THF), in 98% yield. Similarly oxidation of
hydroxy acid 12 produced 2 in 89% yield. The 500 MHz !H NMR, infrared, ultraviolet and mass spectra of
synthetic ester 1410 were identical with those measured for a sample of preclavulone-A methyl ester
obtained from Pseudoplexaura porosa as previously described.?

The enantio- and stereospecific process described above for the synthesis of 2 makes this substance
readily available for chemical or biological studies. The synthesis has been used to prepare (+)-2 and,
obviously, is useful for obtaining the enantiomer of 2. As mentioned in the introduction preclavulone-A is
biosynthesized by many different coral species. The role of preclavulone-A as a precursor for the
biosynthesis of other prostanoids, e.g. prostaglandin A, methyl ester acetate in Plexaura homomalla, is of
great interest. One simple possibility for the biosynthesis of prostaglandin A methyl ester acetate from 2 is
by a lipoxygenase type of allylic oxygenation which removes hydrogen from C(13) of 2 or the isomeric B,y

enone and delivers oxygen to C(15) with formation of an E 13,14-double bond.11
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