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Abstract: The first total synthesis of the highly unstable biological mediator 12-ketogicosagetragnoic acid (12-

KETE) 3 and its 8,9-trans -isomer 20 is presented. The strategy focuses on the stable precursor dithiane 13 and its

conversion to 3 and 20. Biochemical experiments show that the two isomers are not interconverted in vivo, raising

the possibility that the trans-isomer 20 may be formed by 2 primary biochemical mechanism.

12-R-Hydroxygicosatetragnoic acid (12-R-HETE) 4 has been isolated from psoriatic skin lesions! and
rabbit eye.2 The properties described so far for this compound, e.g. chemotactic for PMNS, indicate a role in
skin inflammation such as psoriasis. In addition, this compound is an inhibitor of Na+/K+ ATPase and causes
a drop in intraoccular pressure in animal models.2 These properties are quite distinct from 12-S-HETE 2 which
is the enzymatic product of the 12-lipoxygenase enzyme. No lipoxygenase enzyme is known for the formation
of 12-R-HETE. It would appear that in the eye it is a product of a cytochrome P-450 monooxygenase.
Because of the important biological activity of this compound, we were intrigued by the biosynthetic mechanism
of its formation.

We have proposed3 that 12-R-HETE could be formed from the enzymatic reduction of 12-KETE, which
itself could have been formed from 12-S-hydroperoxygicosatetragnoic acid (12-S-HPETE) 1 or 12-S-HETE 2
by a dehydration or the action of a dehydrogenase (Scheme 1).
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Scheme 1

12-KETE was then an unknown compound, and in order for us to test this hypothesis we decided to
prepare it by the most expeditious way via Jones oxidation of 12-HETE, and we have shown that incubation of
freshly prepared 12-KETE with liver microsomes led to the formation of 12-R-HETE and 12-S-HETE.3 The
ratio of 12-R to 12-S was very conveniently analyzed by HPLC on a chiral column. In the meantime, 12-KETE
has been isolated from human platelets* and from porcine neutrophils.5 It has also been isolated from Aplysia
nervous tissue and reported to be a histamine-like neurotransmitter.® The 8,9-rrans-isomer has also been
isolated in these experiments. 12-KETE has also been implicated in the formation of 10,11-dihydro-12-S-
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HETE, a potent proinflammatory agent.” As it turned out, 12-KETE was very unstable, its preparation and
purification quite tedious, and storage was a chancy proposition. More importantly the synthesis of 12-HETE,
which we and others have described earlier,8. is itself not trivial and is hardly a convenient starting material for
12-KETE. We decided to undertake a proper synthesis for 12-KETE which would guarantee an uninterrupted
supply for the studies of its biological properties and the evaluation of its pivotal role in the formation of 12-S-,
12-R-HETE and 10,11-dihydro-12-S-HETE. We report here on the first total synthesis of this biologically
important mediator. We were also able to prepare the 8,9-trans-isomer 20. This is of some importance since it
is not known if the trans compound is formed by a primary mechanism or by an in vivo isomerization of 12-
KETE or by an artifact of the isolation procedure. The availability of synthetic 20 will allow us to perform
these experiments.

What we needed was 1) a stable precursor of 12-KETE so as to allow the accumulation of gram
quantities, and 2) a one-step mild procedure to transform this precursor to 12-KETE. Scheme 2 describes the
strategy we used to prepare the stable precursor 13 and its transformation to 12-KETE 3. As can be seen, we
selected the dithioacetal over other protecting groups because of an abundant choice of deprotection methods
and conditions. We also avoided protective groups requiring basic conditions to regenerate the carbonyl
function.

1,3-Dithiane § was reacted with 2-octyn-1-yl bromide to give § in 91% yield. Hydrogenation of § using
nickel boride as catalyst afforded 7 with a yield of 94%. Formylation of 7 with DMF gave § in 77% yield.
This was followed by a Wittig reaction with trimethyl phosphonoacetate to produce 9 in 91% yield. An
attempted reduction of 9 to aldehyde 1] with DIBAL-H yielded a mixture of the aldehyde 11 and alcohol 10.
We decided instead to perform the two-step procedure, as shown in the scheme. Dithiane ester 9 was treated
with DIBAL-H to give 1Q in 96% yield. This was followed by an oxidation with PCC-SiO3 to 11 in 76%
yield. A second Wittig reaction of aldehyde 11 with synthon 19 gave the protected 12-KETE methyl ester 12
in 62% yield. Saponification of 12 afforded 13 in 92% yield. Removal of the dithiane protection group
produced the final product, 12-KETE 310 in 75-80% yield (15-20% isolated yield, vide infra.).
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a) 1.1 eq n-BuLi/THF, -78°C to -20°C, 2hrs, 2-octyn-1-yl bromide, -78°C to room temperature. b) Ni{AcO)2-4H20, NaBHj,
95%EIOH, H2. ¢) 1.1 eq n-BuLi/THF -30°C, 2hrs, DMF, -78°C to room temperature. d) 1.1 eq LDA, 1.2 eq trimethyl
phosphonoacetate, THF, -789C to room temperature. €) 2.1 eq DIBAL-H, CH2Cla, -789C. f) 2.0 eq PCC-SiO3, CHaCla. g) 1.2
eq synthon 19, 1.1 eq LiN(SiMe3)2, THF/HMPA, -78°C (o room temperature. h) 15 eq LiOH, THF/H20 3:1. i) NCS AgCIOq,
97% acetone/H20.

Scheme 2
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The synthon 19 was prepared by a more convenient method, shown in Scheme 3, than the one we
described earlier.ll Phosphonium salt 14, prepared in two steps from 3-bromopropanol in quantitative yield,
was reacted with aldehyde 15, followed by removal of the silyl group with BuyNF to give 16 in 83% yield.
Bromination gave 17 in quantitative yield. The bromoester was converted to iodide 18 in 89% yield. The
phosphonium salt 19 was formed in 92% yield by reacting 18 with triphenylphosphine in acetonitrile in 92%
yield.

o

cocH, BBLA_R— ==\ 00t 16 R=0H, 17 R=Br, 18 R=l, 19 R=PPhjl
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14
a) 1.2 eq 14, 1.1 eq LiN(SiMe3)2, THF/HMPA, -78°C, 40min., 1.0 eq 15. -78°C to room temperature, crude product reacted with
1.2 eq BuyNF, THF, room temperature. b) 1.0 eq DIPHOS, 2.0 eq CBr4, CH2Clp, 0°-5°C. c) 3.0 eq Nal, acetone, reflux. d) 1.5
eq PPhj, acetonitrile, reflux.
Scheme 3

We found that ceric ammonium nitrate acetonitrile/H20, 80:20, R.T. was the most convenient reagent for
the conversion of 13 to 20 as the 8,9-trans-KETE12 was the sole product isolated, making the purification a
much easier process.

LN —

Scheme 4

The dithiane deprotection step of 13 to yield the 12-KETE 3 deserves some comment. As anticipated
based on our previous experience, the 12-KETE is very unstable. Itis the most unstable molecule we have had
to work with in the lipoxygenase field. Exposure to basic conditions results in complete decomposition. Mild
acid catalysis is also detrimental to the molecule, leading to destruction of the molecule, albeit at a slower rate.
By way of comparison, the peptido leukotrienes, which were considered very delicate molecules, are relatively
stable in aqueous basic solution and in mild acidic medium.

We used a variety of conditions and reaction times in order to optimize conversion of 13 to 12-KETE.
Short reaction times of 15-30 seconds were the best. Since most reagents were acidic, we found that acetone
was a better solvent than acetonitrile; it probably protects the 12-KETE-carbonyl from protonation and
subsequent isomerization and/or damage. Two products were formed under the optimized conditions: 12-
KETE (85%) and 8,9-trans-12-KETE (15%). The reaction at this point was very clean, and the yield of the two
isomers as analyzed by UV was practically quantitative. Work-up had to be rapid and consisted of a quick
filtration over celite and silica followed by HPLC.13 The pure 12-KETE cluate was passed through a short
carbonate column14 to remove the acetic acid, the solvents evaporated and the residue stored in ethanol. The
isolated yield of the rigorously pure 12-KETE was 15-20%. We prepared a 5-mg batch by this procedure
reproducibly. The pure 12-KETE was stored in ethanol at -200C and is stable for prolonged periods of time.

Synthetic 12-KETE cochromatographed with biological 12-KETE from porcine leukocytes, prepared as
previously describedS by incubation of 12-S-HETE with neutrophil microsomes in the presence of NAD*.
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The two synthetic 12-KETE isomers were used to verify the earlier identification of these metabolites as
products of Aplysia nervous tissue.5 Furthermore, biochemical experiments in which each isomer was
incubated with Aplysia neural homogenates clearly demonstrate that this preparation does not catalyze the
isomerization of either 12-KETE. Thus, the initial identification of rans-12-KETE was not an artifact of the
sample preparation as had been previously assumed. This finding raises two important questions for further
research. First, what is the mechanism of formation for the trans-isomer in vivo and what is its immediate
precursor. Second, does this isomer have any biological activity in tissues previously shown to respond to 12-
KETE.6

Preliminary experiments show that 12-KETE stimulated cytosolic calcium levels in human neutrophils
and the results will be published elsewhere in detail.
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