Tetrahedron Letters, Vol. 33, No. 34, pp. 4893-4896, 1992 0040-4039/92 $5.00 + .00
Printed in Great Britain Pergamon Press Lid

Enantiospecific Synthesis of 17- and 18-
Hydroxyeicosatetraenoic Acids, Cytochrome P450
Arachidonate Metabolites

J. R. Falck*, Sun Lumin, Sang-Gyeong Lee
Departments of Molecular Genetics and Pharmacology, Univ. of Texas Southwestern Medical Center, Dallas, Texas 75235, USA

Bertrand Heckmann, Charles Mioskowski*
Laboratoire de Synthese Bio-Organique, Associé au C.N.R.S., Université Louis Pasteur, F-67401 Illkirch, France

Armando Karara, and Jorge Capdevila
Departments of Medicine and Biochemistry, Vanderbilt University Medical Center, Nashville, Tennessee 37232, USA

Abstract: The litle bioactive cicosanoids were prepared from dimethyl L-malate by a convergent strategy exploiting the
differential reactivity of ethereal dialkylcuprates towards tosylates versus bromides.

Arachidonic acid metabolism by microsomal cytochrome P450 proceeds via olefin epoxidation, allylic
oxidation, or w/w-1 hydroxylation.! The latter monooxygenase activity is most prominent in lung,2kidney,’
and bone marrow* where 20- and 19-hydroxyeicosatetraenoic acids (20- and 19-OH-AA, respectively) are the
major cytochrome P450 arachidonate metabolites. The potent biological activities’ of 20-/19-OH-AA and their
correlation® with pathophysiologic disorders such as hypertension have stimulated wide interest in this pathway
as a source of endogenous autacoids. Recently, additional monooxygenase metabolites have been isolated from
a variety of mammalian tissues and their identities provisionally determined, in most cases, by mass
spectroscopy.” To expedite current pharmacologic evaluations, we confirm herein the structural assignments of
two of these, viz., 18- and 17-OH-AA, and describe their enantiospecific total syntheses by a convergent
strategy coupling the known aldehyde 1 with appropriately functionalized Wittig reagents derived from a single
member of the chiral pool (eq 1).
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Scheme 1 summarizes the preparation of methyl 18(R)-hydroxyeicosatetraenoate (8). Regiospecific
reduction of dimethyl L-malate (2) according to literature procedure® afforded diol 3 from which 4%, mp 83-
84°C, was obtained by selective primary tosylation followed by silylation of the remaining alcohol. Low
temperature diisobutylaluminum hydride (DIBAL-H) reduction of the ester and alcohol-halide interconversion
under standard conditions provided the key intermediate, bromo-tosylate 5'9, mp 102-104°C. Preferential
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displacement'! of the tosylate in § using dimethyl cuprate in Et,0 gave rise to bromide 6 that in turn was
homologated to phosphonium salt 7 by displacement with o-lithiomethylenetriphenylphosphorane!2,
Generation [NaN(SiMe,),, THF, -40°C, 40 min] of the ylide from 7 and condensation with aldehyde 13 gave,
after fluoride mediated deprotection and HPLC purification', methyl 18(R)-OH-AA (8), [a]3'= -4°(c 0.35,
acetone). Mitsunobu inversion!s (PhCO,H, Ph,P, DEAD) of 8 and methanolysis (NaOMe, MeOH, 24°C, 2h)
of the resultant benzoate led to the 18(S)-isomer in good overall yield.
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“BH;*Me,S,NaBH,, THF,0-24°C,0.5h.*TsCl,CsHsN/CH,Cly(1:12),0°C,12h.
“tBuPh,SiCl,CsHsN/THE(1:3)AgNO; (1.5 equiv), 24°C,12h. “DIBAL-H,CH;Cl,,-78°C,2h.
“CBr4/PhsP,CH,Cl,, 0°C,0.5h. ‘MeCuLi (3 equiv), EtO,0°C,4h. #Ph;PCHLI, THF,
-78—-30°C,4h;HOAc.*NaN(SiMe;),, THF,-40°C,40min; 1,-78—0°C, 1h. ‘BugyNF,THF,24°C,10h.

Access to the C(17)-hydroxyl regioisomer was gained by selectively coupling tosylate 5 with diethyl
cuprate in Et,O to give bromide 9 (Scheme 2). Conversion to phosphonium salt 10 by standard procedure and
union of the corresponding ylide with aldehyde 1 as described above furnished!4 methyl 17(R)-OH-AA
a 1),[a]12)4= +3.8° (c 1.5, acetone), following desilylation. The S-isomer was prepared as earlier using the

Mitsunobu sequence.

Saponification of 8 and 11 and HPLC comparisons'* of the resultant free acids with natural material
derived from incubation of arachidonic acid with rat hepatic microsomal fractions as well as GC/NICI-MS
analyses!® of the corresponding pentafluorobenzy! ester trimethylsilyl ether derivatives corroborated the initial
structural assignments. Details of biological testing and the elucidation of additional monooxygenase
metabolites will be reported elsewhere.
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“EtpCuLi (3equiv),Et20,0°C,4h. *Ph3P,CH3CN,65°C,30h. “NaN(SiMe3)2, THF,-40°C,40 min;
1,-78'>0°C,1h. BuNF, THF, 24°C, 15h
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