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Prostaglandin H synthase catalyzes the first committed step in the biosynthesis of prostaglandins and thromboxane. Herein we report the
synthesis of four site-specifically labeled arachidonic acids for investigation of the radical intermediate formed during this enzymatic reaction.
Two compounds were prepared using a common C9-C11 fragment, while another target was synthesized using a previously reported advanced

intermediate. An alkyne coupling followed by hydrogenation and Wittig reaction was used to prepare the final labeled substrate.

Prostaglandin H synthase, or cyclooxygenase (COX), cata-

lyzes the conversion of arachidonic acid into prostaglandin
H, in the first committed step in the biosynthesis of pro-
staglandins and thromboxane (Schemé&These compounds
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However, at present, the reaction mechanism for the oxida-
tion of arachidonic acid (AA) has not been fully elucidated.
The first step of the enzymatic reaction has been previously
shown to involve abstraction of a hydrogen from the C-13
position of AA by a tyrosyl radicad? This results in forma-
tion of either a pentadienyl or allyl radical depending on the
conformation of the substrate when bound to the enzyme.
In previous work we have demonstrated the use of site-
specifically deuterium-labeled substrates to investigate the
structure of the original radical intermediate by using EPR
spectroscopy. These studies showed that in COX-2, the
isozyme linked to inflammation, the initial hydrogen abstrac-
tion leads to formation of a pentadienyl radical intermediate
spanning C13C15# The EPR spectrum shows coupling of
the unpaired electron to six different hydrogens. Using
deuterium labeling, four of these were assigned to protons
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q ¢ th h 30-80) that are observed with either linoleic a&i¢LA) or
at C11, C13, C15, and one of the protons at C16. T € arachidonic aci® as substrate. Holman and co-workers

remaining two strongly coupled hydrogens were proposed showed that the human 15-LOX-1 also displays similarly

_to be Iocateg at dC10. _Slmlllarf stugles using the CO);'l large isotope effects with linoleic actdTo date, however,
ISozyme produced a signal of Unknown strugture UNAET 15 studies have disclosed kinetic isotope effects of the human
cert'am cond|t'|on§,wh|ch possibly is ass'omated with an 'aIIyI' lipoxygenases with their natural substrate, arachidonic acid.
ra(_JI(ljcaI._ Herein _\f/ye Irleplog tlhfj syrgréess of ‘.V_VO ari;h'd%n'c The preparation of arachidonic acids deuterium-labeled at
acids site-speci ically 1abele WIEHC at p05|_t|ons and — c10 and C13 reported herein will allow such studies on 8-,
15 that were designed to test the allyl radical hypothesis. 12-, and 15-LOX. We elected to prepare dideuterated

Fur';hermr(]) rel, we prega;]ed [10,152]-.ar.ach|don|cl acid tcl) d compounds instead of our previous syntheses of stereospe-
confirm the location of the two remaining strongly couple cifically mono-deuterium-labeled arachidonic adidice it

prE)rtr(]) nsl ig tlhz signak:.gbsgrveq din é:OX—_f). d herei | has been shown with soybean lipoxygenase that the large
€ labeled arachidonic acids described herein are asoprimary kinetic isotope effect on abstraction of thm-S

ULSS];[(JI rgecharlljlstlcf Iprobes for thg humabn Ilpoxygelz(nases hydrogen atom leads to a decrease in stereospecificity of the
Eh : ds12f pu;r;] erot 'poi(ygt,er?ase? n .\Zjer:.e ratseshare onwn enzyme'® That is, with [115?H]-LA as substrate, the enzyme
at differ in the regioselectivity of oxidation (Scheme®2). abstracts to some extent the hydrogen atom rather than the

Th_(ejir _nom?nclatkl:_:je is_ bas_gg fgxtheb position 0:] hdydroper- deuterium atom from C11. Obviously, this provides difficul-
oxidation of arachidonic acit>- abstracts an hydrogen  jaq o assessing the KIE, and hence substrates labeled at

aftom from C7.to g_enerate 5-hydroperoxg87,117, 13&- both enantiotopic positions were prepared that will alleviate
eicosatetraenoic acid (5-HPETE), the precursor to the leuko- -

. S ) these complications.
trienes that play key roles in inflammation and broncho- The preparation of [10,18H;]-arachidonic acid and

constriction. The 8- and 12-LOX enzymes abstract a hy- [11-3C]-arachidonic acid proceeded via the same-Ca1
droqen atom from position 19 to produce hydroperoxides at fragment2. For the former target, ring opening Bfpropi-
p05|t|ons E?]and b12, r?dSpe‘?]f.'Vg'Y- ﬁ‘t preseni, t\ﬁ%g;gox olactone by methanol, followed by protection of the ensuing
Isozymes have been identified in humans, 15- alcohol withtert-butyldimethylsilyl chloride, yielded methyl

i e . S
15 LO_X 2°The formerllprotem has been implicated to play esterl (Scheme 3). Quantitative deuterium incorporation at
arole in atherogenesi&'Both enzymes abstract a hydrogen the o-position was achieved by stirring with Na metal in

atom from C13 and produce $51PETE. MeOD. Selective reduction to the aldehyd@a using

Soy_bean lipoxygenase, a 15—.LO>_(,.has received much DIBAL-H afforded the C9-C11 fragment without detectable
attention for the unusually large kinetic isotope effects (KIE, loss in deuterium incorporation
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because of its commercial availability and relatively low cost.
Treatment of nitrile3 with a saturated HCI/MeOH solution,
followed by hydrolysis yielded methyl estéiin good yield.
After deprotection and silylation, the methyl ester was
reduced to the aldehydzb using DIBAL-H.

Wittig olefination of aldehyde&a and2b with phospho-
nium salt5' employing salt-free conditioA%resulted in
dienes6 with 95:5 Z-selectivity (Scheme 4). The isomers
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tyne with ethylmagnesium bromide and copper(l) bromide,
was reacted with bromid&0, yielding the skipped diynél
in 86% vyield. Hydrogenation in the presence of nickel(ll)
acetate yielded skipped dieh2 which was deprotected with
TBAF in acidic solution. The alcohol was subsequently
brominated and converted to phosphonium Zgalt

The three isotopically labeled phosphonium salés-c

were not separated at this stage but carried on through thewere olefinated with aldehyd&3* to afford the labeled
synthesis; the minor isomers were removed by HPLC after methyl arachidonatel4 (Scheme 6). Hydrolysis with lithium
generation of the final arachidonic acid products. Deprotec- hydroxide followed by HPLC purification yielded the final

tion of 6a and 6b using TBAF, followed by bromination
and refluxing with triphenylphosphine, afforded phospho-
nium salts7a and 7b.

Phosphonium salfc was required for the synthesis of
[13,132H,]-arachidonic acid. Its preparation started with the
protected alkyne3 (Scheme 5). Deprotonation with ethyl-
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magnesium bromide followed by addition to deuterium-

labeled paraformaldehyde produced the protected pent-2-yn-©/\:\m

1,5-diol9in good yield. This alcohol was reacted with carbon
tetrabromide and triphenylphosphine to yield propargyl
bromide10. A copper acetylide, formed by treating 1-hep-
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Chem. Ber1976 109, 1694-1700.

Org. Lett., Vol. 6, No. 3, 2004

products, [10,1GH,]- and [13,134H,]-arachidonic acid, and
[11-13C]-arachidonic acid.

The synthesis of [1%3C]-arachidonic acid was achieved
from commercially available [$3C]-hexanoic acid. Follow-
ing esterification and lithium aluminum hydride reduction,
[1-13C]-hexanal was obtained by PCC oxidation. A Wittig
reaction between the labeled aldehyideand triphenylphos-
phonium saltl6 yielded protected aldehydE8 in modest
yield (Scheme 7). Deprotection wifttoluenesulfonic acid

CBr4
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produced the,y-unsaturated aldehyde, which was reduced

to alcohol19. Reaction with dibromotriphenylphosphorane
yielded labeled 1-bromo-non-3-ene, which was converted in

good vyield to the phosphonium sa®0. We previously
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