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Abstract: Curacin A is a structurally novel antimitotic agent isolated from the Caribbean cyanobacterium Lyngbya
majuscula. 1ts planar structure has been previously determined from a spectroscopic investigation. Here, we define the
complete relative and absolute configuration of curacin A by comparison of products obtained from chemical
degradation of the natural product with the same substances prepared by synthesis. Curacin A is shown o have 2R,
13R, 19R, 218§ absolute configuration.

Marine cyanobacteria (blue-green algae) are rich in structurally unique and biologically active secondary
metabolites, some of which have potential in treating human disease.! Recently, the isolation of curacin A (1), a
thiazoline-containing lipid with potent antiproliferative activity, was reported from a Curagao (Caribbean)
collection of Lyngbya majuscula.?2 In the original report, as well as in continuing studies,> it was found that
curacin A exerts its biological effects in cells by inhibiting the polymerization of tubulin and thereby inhibiting
microtubule formation. Of the two well characterized drug-binding sites on microtubules, the vinca alkaloid site
and the colchicine site,4 curacin A has been found to bind to the latter with high affinity.2 This result is
surprising, as these two drugs show little obvious structural homology. Crucial to developing a more complete
appreciation for the nature of the interaction between curacin A and its biomolecular target, and as an essential
precondition for efforts aimed at its synthesis, we undertook a degradative approach to define its relative and
absolute stereochemistry. Here we report our results which establish that curacin A possesses 2R, 13R, 19R,
218 configuration.

The strategy for determination of the C13 stereochemistry in 1 hinged upon ozonolysis of the C9-C10
olefin to produce a methyl ketone. However, when curacin A was subjected to ozonolysis directly, we were
unable to recover a fragment deriving from the C9-C17 region. Suspecting that the C15-C16 olefin was
responsible for this undesired reactivity, curacin A was partially hydrogenated with Wilkinson's catalyst to yield
a mixture of 15,16-dihydrocuracin A (2) and 3,4,15,16-tetrahydrocuracin A (3) by GC-MS analysis. This
mixture was ozonized and the ozonide was reduced with excess dimethyl sulfide to yield, following
chromatography, 5-methoxyoctan-2-one (4).5 The latter was fully characterized by 1H and 13C NMR and GC-
MS.6 and showed [a]zg +14.2° (¢ 0.22, CDCl3). Elucidation of the R configuration of this fragment was

achieved through comparison with (+)-4 obtained by enantiospecific synthesis.
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Allylation of 4-pentynal (5), prepared by Swern oxidation of the corresponding alcohol, with the salt-free
allylborane 6 derived from (-)-diisopinylcampheylmethoxyborane” gave (5R)-1-octyn-7-en-5-ol (7) in 95% ee.
After conversion of 7 to its methyl ether 8, the latter was treated with dicyclopentadienylzirconium dichloride in
the presence of trimethylaluminum and then with iodine, to yield the E-iodooctadiene 9.8 Selective
hydrogenation of the monosubstituted olefin of 9 was accomplished with diimide® and the resultant alkene was
ozonized to afford, after reductive workup, (SR)-methoxyoctan-2-one (4), [a]zg +15.0° (¢ 0.36, CDCl3). This
substance was identical by comparison of 'H and 13C NMR and GC-MS with the material obtained by

degradation of curacin A.
The strategy for determining the configuration of the C2, C19, and C21 stereocenters in curacin A

originally envisioned oxidative cleavage of the C3-C4 olefin and recovery of a methylcyclopropyl- and carboxyl-
substituted thiazoline that would be compared with synthetic substances of known chirality. However,
ozonolysis of curacin A (-78°, CHCl3, 2 min), followed by oxidative workup (Hp05, 45°, 16 hr) and then
reaction with excess CHyNj in EtyO, gave after flash chromatography and HPLC, methyl suifonate derivative
10, [ang -17.1° (¢ 0.12, MeOH) (22% overall yield).10 The sulfonate 10, of molecular constitution
CoH7NOgS, displayed IR stretching absorptions for ester (1738 cm1), amide (1637 cm'1) and sulfonate
(1353, 1170 cm-!) functionalities. The methylcyclopropyl and Hp-1 — H-2 — NH spin systems were readily
evident in the TH NMR spectrum of 10, as were two ester methyl groups at § 3.88 and § 3.82. By HMBC,!!
we were able to connect the latter signal to a § 169.2 carbonyl which in turn showed 3-bond coupling to the C1
methylene protons, thereby providing assignment of the two methyl groups. Combination of these two partial
structures through the remaining elements of the molecular formula, "CO", completed the structure determination
of this degradation product (10).
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This assignment was confirmed and the absolute configuration of 10 was established by an asymmetric
synthesis from cis crotyl alcohol (11). The latter, prepared by hydrogenation of 2-butyn-1-ol over Lindlar's
catalyst, was cyclopropanated with diethylzinc and diiodomethane in the presence of the n-butylboron complex
of (S,5)-(-)-N,N,N',N'-tetramethyltartaramide (12) to give 13 in >95% ee.12 Oxidation of 13, first with
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perruthenate!3 and then with sodium chlorite, 14 afforded (1R,25)-2-methylcyclopropanecarboxylic acid (14)
which was coupled with (R)-(-)-cystine dimethyl ester dihydrochloride using DCC and HOBT.!5 The resulting
disulfide 15 was ozonized and the crude product was treated with diazomethane to furnish 10, [a]zg -21.4° (¢
0.21, MeOH), identical by comparison of H and }3C NMR and GC-MS with the corresponding substance
obtained by degradation of curacin A. A stereoisomer of 10 derived from (15,2R)-2-
methylcyclopropanecarboxylic acid, prepared with the tartaramide complex antipodal to 12, was distinguishable
by 'H NMR, 13C NMR and GC-MS from the sulfonate derived from 1. Careful analysis of the 'H NMR
spectrum of 10 in dg-benzene confirmed that cis configuration of the cyclopropane had been retained. It was
shown that Hg and Hp are each cis (J=8 Hz) to the same proton of the geminal pair and are therefore cis to each
other.
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These results fully define the absolute configuration of curacin A (1). It is noteworthy that curacin A
possesses R configuration at the a-amino center (C2), a fact consistent with the hypothesis that the thiazoline
portion of the molecule is derived from L-cysteine.2
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