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Abstract—The first total synthesis of a barmacle hatching factor (BHF) establishes its constitution and
absolute stereochemistry as 8(R)-Hydroxy-eicosa-5(2),9(E),11(Z2),14(Z),17(Z)-pentaenocic acid
1.

Recently, an eicosanoid monohydroxy fatty acid was isolated from the homogenates of Balanus
balanoides and Eliminus modestus in minute quantities (109 g) and shown to induce the hatching of
bamaclesl-2 (ICsq ca. 5.0 x 10-4M).3 The structure of the barnacle hatching factor (BHF) was suggested
to be 8(R)-Hydroxy-eicosa-5(Z),9(E),11(2),14(2),17(Z)-pentaenoic acid 1 [8(R)-HEPE] on the basis of
biogenetic consideration? and of an analysis of its mass fragmentation pattern.12 Other spectroscopic
studies are not possible because of the scarcity of the material which therefore warrants a total synthesis.
Only the 8(R)-enantiomer of 8-hydroxy-eicosatetraenoic acid was active in inducing oocyte maturation in
starfish.# Commercially available 8(S)-HEPE has been shown to be biologially inactive towards barnacle
hatching.5 The limited availability of 8(S)-HEPE in microgram quantities and the prohibitive cost render
investigation of its chemistry impractical. Here we report, starting from D-mannitol and propargyl alcohol,
the first total and stereoselective synthesis of 1, which displayed a mass spectrum in accord with that of the
BHF and, most importantly, exhibited bioactivity towards barnacle hatching (ECsg ca. 2.4 x 10-6 m),3
thereby enabling the assignment of the constitution and absolute configuration 1 to the BHF.
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Retrosynthetic analysis of 1 shows that dissection of the strategic 11-alkene gives the upper half
aldehyde 2 and the bottom half phosphonium salt 3 which can be assembled via a Z-selective Wittig
reaction to yield the target molecule. The construction of 2 is illustrated in Scheme 1. Oxirane opening
reactionS of the known diepoxide 4,7 readily accessible from D-mannitol in four steps, with the lithium salt
of the alkyne 58 followed by in situ benzoylation afforded the benzoate 6 as a viscous oil, [a]p?4 + 10.10
(c 1.0, CHCI3).% Seclective methanolysis of the tetrahydropyranyl ether in 6 gave the corresponding
primary alcohol which then was subjected to an oxidation-esterification sequence to form the methy! ester
7, [a]p24 + 9.00 (¢ 1.3, CHCI3). Stereoselective hydrogenation of the triple bond in 7 with Lindlar's
catalyst followed by deacetonation gave the ene-diol 8, [alp24 + 51.2° (¢ 6.5, CHCI3).10 Glycol
cleavage oxidation!! of the diol moiety in 8 with sodium metaperiodate followed by Wittig reaction with
formylmethylenetriphenylphosphorane in CH2Cl2 furnished the Z E-dienal 2, [a]p?4 - 108.2° (¢ 0.9,
CHCI3).12 The stereochemistry of the two double bonds in 2 was indicated from the INMR spectrum
(Js6 = 10.2 Hz and J9,10 = 15.6 Hz).
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Scheme 1 Reagenss and conditions: i, HCSC(CH2)sCHOTHP S, n-BuLi, THF/DMPU, A, then PhCOCl,
09C (79%); ii, TSOH, McOH, A (74%); iii, (COCI)2, DMSO, EuN, (78%); iv, NaClO;, NaH,POq,

2-methyl-2-butene, 1-BuOH/H20 (94%); v, MeOH, HCI (93%); vi, Hy, Lindlar's catalyst, benzene (98%);
vii, 80% aqueous TFA, 0 OC (84%); viii, NalO4, MeOH/H;0, 0 °C (97%); ix, Ph;P=CHCHO, CH,Cl, (85%).

On the other hand, the synthesis of the phosphonium salt is depicted in Scheme 2. Coupling
reaction of 1-bromo-pent-2-yne 913 with the commercially available but-3-yn-1-ol 10 under copper (I)
catalysed phase transfer conditions!4 gave the skipped diyne 11 in 73% yield. Stereoselective
hydrogenation of 11 over nickel boride!5 with a catalyst modifier ethylenediamine!6 afforded the Z,2Z-
diene 1217 in 79% yield. The Z,Z-geometry of the diene moiety in 12 was evident from the INMR
specti'um (J3,4 = 10.6 Hz and J¢,7 = 10.9 Hz). The alcohol 12 was then transformed into the
phosphonium salt 3 in the conventional way.
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Scheme 2 Reagents and conditions: i, KoCOs, Cul, 1-BuNI, DMF (73%); ii, H, Ni(OAc);, NaBH,, EtOH,
H;N(CH2);NH; (79%); iii, MsCl, Et;N, ExxO (87%); iv, Nal, acetone (88%); v, PPh3, MeCN, A (98%).
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With the upper and lower half of the target molecule readily at hand, we set to complete the
synthesis of 1 (Scheme 3). Thus the phosphonium salt 3 was deprotonated (n-BuLi, THF, -78 ¢C) and
the aldehyde 2 added followed by 1,3-dimethyl-3,4,5.6-tetrahydro-2(1H)-pyrimidinone (DMPU). HPLC
analysis of the mixture isolated by flash chromatography showed that the Z : E ratio of the newly formed
11-alkene was 12 : 1. Fractionation by preparative HPLC then gave the pentaene 13 as a clear oil, [o]lp?4
-75.7° (¢ 2.7, CHC13). Saponification of the two ester groups in 13 followed by acidification with formic
acid furnished the target molecule 8(R)-HEPE 1 as a colourless oil, [a]p?* + 33.4° (¢ 2.1, CHCIR3), with
86% e.c.18 Since derivatised1? 1 showed a mass fragmentation pattern similar with that of the BHF and
exhibited bioactivity towards barnacle hatching (ICsq ca. 2.4 x 106 M),20 the structure and
stereochemistry of the BHF is confirmed as 8(R)-Hydroxy-eicosa-5(Z),9%(E),11(2),14(Z),17(Z)-
pentaenoic acid 1.
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Scheme 3 Reagents and conditions: i, n-Buli, THF, -78 °C, then 2, DMPU, -78 to -25 °C (87%);
ii, K;CO4, MeOH, H;0 (85%).

In conclusion, we have developed a convergent and enantioselective synthesis of 1 using
tafftmannitol as the source of chirality and using Wittig reactions and catalytic hydrogenation of alkynes to
introduce stereoselectively the five double bonds. The convergent strategy employed allows facile
syntheses of acetylenic analogues and geometric isomers. Research in this direction is in progress.
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