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TOTAL SYNTHESIS OF 5S,12S-DIHYDROXY-6,10-E,8,14-Z-EICOSATETRAENOIC ACID (SE,IQE—di-HETE) 2),
A NEW HUMAN METABOLITE OF ARACHIDONIC ACID

E. J. Corey, Anthony Marfat, and Bennett C. Laguzza
Department of Chemistry, Harvard University, Cambridge, Massachusetts 02138 U.S.A.
SUMMARY: A synthesis of 5S,12S-di-HETE (2) is reported which confirms the proposed structure and

stereochemistry for this biologically active, natural eicosanoid.

Leukotriene Bl (LTB) 1s an important human metabolite of arachidonic acid which is chemo-

tactic for neutrophils and macrophages at concentrations as low as 1 ng/ml. The detailed
2,3
structure of this substance was assigned recently as 1 on the basis of total syntheses which

also make this rare compound readily available. In the course of these studies various stereo-
isomers of } were also synthesized to ascertain whether any of these might be naturally occurring,
and 1t was discovered that a (f)—G—E,B-E isomer of } possessed considerable chemotactic activity,
although ca. two orders of magnaitude less potent than }.4 Because the method of synthesis
employed racemic intermediates, it was not possible to determine whether the birologically active
substance was g or the 55,12R-diastereomer and for this reason we undertook an unambiguous
synthesis of g. Concurrently, a substance i1someric with LTB was i1solated by a Canadian group

5
from the incubation of arachidonic acid with mixed peripheral blood leukocytes, and the same
substance was obtained either from incubation of 5S-HETE with blood platelets or 12S-HETE
with leukocytes.5 The ultraviolet ab:orption spectra (UVmax in CH3OH 258, 268, 278 nm) of the
metabolite and previously synthesized racemic 5,12-d1 HETE were 1dentical as were proton

magnetic resonance (pmr) spectra and reversed phase high pressure liquid chromatographic (RP-HPLC)

6,7
behavior.
2 25
Methyl 5S-benzoyloxy-5-formylvalerate (3} , [a] o ~33° (¢ = 2.5 1n CHC13) was heated in
by D 8
benzene at reflux with 1.1 equiv of formylmethylenetriphenylphosphorane for 2 hr to afford in

25
90% yield after chromatography on silica gel the oily trans-0,B-unsaturated aldehyde 4, [0l D

+61.8° (c = 3.35 in CHCl3), IR (neat) 1725, 1695, 1600, 1585 cm™l, pmr (§) 9.60 (d, J = 7.3 Hz,
1H, CHO); 8.1-7.5 (m, S5H aromatic); 6.85 (dd, J = 15.7, 4.6 Hz, 1H, B-olefinic) 6.27 (ddd, J =

9
15.7, 7.3, 1.4, 1H, da-olefanic). 25 ,3S-epoxy-52-undecen-1-ol (5) ([u]%f -17° (c = 2.2 in CHCl3))
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3,4
was prepared as described previously for the dextro enantiomer except that dextrorotatory

dimethyl tartrate was used as the chiral director. Oxidation of E with in situ generated Cro3-2
pyridine (6 equiv) in methylene chloride (2 hr at 23°) afforded epoxy aldehyde 6 which upon
treatment with methylenetriphenylphosphorane (1.1 equiv) in tetrahydrofuran (THF) at 23° for
2 hr provided after chromatography on silica gel (6:1 pentane-ether containing 1% triethylamine)
the epoxy diene Z in 85% yield. Exposure of Z to 1 equiv of dry hydrogen bromide in methylene
chloride at 23° for 10 min produced the allylic bromide 9 which was treated without isolation
with excess triphenylphosphine at reflux in methylene chloride for 40 hr to give the hydroxy
phosphonium salt g as a colorless amorphous solid, [a]%f +7.27° (c = 2.4 in CHCl3).

Treatment of g in THF with 2 equiv of Efbutyllithizm at -78° for 1 hr and -40° for
0.5 hr gave a deep red solution of oxido ylide to which was added at -78° 20 equiv of hexa-
methylphosphorictriamide and 1.0 equiv ofthe}géggja,ﬂ—unsaturated aldehyde f' After 1 hr
at ~-78° and 2.5 hr at -78° to 0° the product was separated by extractive isolation and thin
layer chromatography (tlc) on silica gel. The desired coupling product, tetraene ester 19,

[a]-’b5 +112.67° (c = 1.46 in CHCly), UV, in CH3OH 261, 269.5, 280.5 t 0.5 nm, Re 0.30 (silica

2 10
gel tlc, 1:1 hexane-ether) was obtained in ca. 25% yield. Hydrolysis of 10 using 20 equiv

of potassium carbonate in methanol at 23° for 12 hr followed by excess lithium hydroxide in methanol
water at 23° for 1 hr afforded quantitatively 5S,12S-dihydroxy-6,10-E,8,14-Z-eicosanoate (g),
UVpmax in CH,OH 258, 268.5, 279.0 * 0.5 nm of > 95% purity by RP-HPLC analysis using a Waters
Associates C1g HU-Bondapak column with 3:1 methanol-water containing 0.01% acetic acid for elution
(retention vol 3.7).
5,6

Synthetic 2 produced in this way was identical with native 5,12-di-HETE by RP-HPLC,
UV and bioassayll of chemotactic effect on neutrophils., In addition it was converted to the
methyl ester diacetate which was identical with the corresponding derivative prepared from native
5,12~-di-HEETE by pmr spectroscopy at 270 MHz.12

The synthesis of g reported herein provides unambiguous support for this formulation
of the new metabolite of arachidonic acid recently isolated in low yield (ca. 2%) from
1eukocytes.5 The availability of synthetic material by a short, convergent synthesis from
intermediates which are common to the syntheses of other leukotrienes should facilitate
the development of a radioimmuno assay for g which is essential for the understanding of its
role in cell function. In addition the supply of g no longer limits the direct study of the full

13
range of its biological effects.
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