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As a class of linoleic acid oxidation products, epoxyketooctadecenoic acids (EKODESs), are farmed
vivo andin vitro by a free radical mechanism initiated by either enzymatic or nonenzymatic pathways.
They have so far been made available in small-scale quantities, often as isomeric mixtures, from reductive
decomposition of linoleic acid-derived hydroperoxides. There is major interest in these compounds owing
to their highly potent biological activities and their ability to covalently modify proteins. The synthesis
of six EKODE regio- and stereoisomers, two tradgs'-epoxy-a,3-enones, and two trans and the two

cis y,0,-epoxye,-enones was accomplished, with the key steps being Wittig-type reactions and aldol
condensations. All six EKODE isomers were confirmed by HPLC to be generated in the autoxidation of
linoleic acid promoted by Fe(ll)/ascorbic acid through spiking in of authentic samples. On the basis of
evidence for EKODE modification of protein His residues, the reactior$*dfenzoyl+-histidine with
autoxidizing linoleic acid and with the individual EKODE isomers were compared, as were the kinetics
of the various EKODE reactions with imidazole nucleophiles. The structures of His-EK@PEafducts

were confirmed to reflect conjugate addition (epoxide ring remains intact) through an NMR study of the
reaction of imidazole with a generic EKODEX| analog. The synthesis of the EKODE isomers makes
these important molecules available for further chemical and biological evaluation.

Introduction and production of metabolites containing either the methyl or
carboxy terminus, including reactive aldehydes such as 4-hy-
droxy-2-nonenat# Our laboratory has been interested in the
modification of protein side chains by electrophilic products of
lipid peroxidation. Many such adducts have been characterized
through conduct of model studies using amino acyl side-chain
surrogates and individual synthetic lipoxidation-derived alde-
hydes’ and the generation of such adducts on proteins has been
&onfirmed through mass spectrometric studies.

Linoleic acid is the most abundant polyunsaturated fatty acid
n living systems. As part of our efforts to determine the

Polyunsaturated fatty acids (PUFAs) may undergo both
enzymatic and nonenzymatic lipid peroxidation leading to
unsaturated lipid hydroperoxides (LOOHS). The former process
contributes to physiological generation of bioactive mediators
such as the inflammatory agents leukotriechafiereas the latter
process can reflect a cellular state of oxidative stfeEhe
initially formed hydroperoxides can undergo a variety of
secondary reactions, some leading to stable oxygenated an
polyoxygenated acyl chains and others leading to chain cleavageI
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FIGURE 1. Proposed common nomenclature of EKODB-{somers.

SCHEME 1. Synthetic Route totrans/cisEKODE-(E)-la
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principal protein-modifications that would be generated when isomers of an electrophile with M\& 310 Da, corresponding
a protein is exposed to linoleic acid undergoing oxidation, we to a linoleic acid derivative with two oxygen atoms and one

obtained evidence using mild oxidation conditions (FefH)

ascorbate) of selective His imidazole adduction by one or more

(5) (a) Sayre, L. M.; Arora, P. K.; lyer, R. S.; Salomon, R. Ghem.
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SCHEME 2. Synthetic Route totrans/cisEKODE-(E)-Ib
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additional degree of unsaturati®hA search of the literature
revealed that various isomers @f3-unsaturated epoxyketooc-
tadecenoic acid (EKODE)with this molecular weight are
generated naturally from linoleic acid oxidation, and we
suspected they would be capable of undergoing reaction with
protein-based His nucleophiles. Although no indication of such
covalent binding potential is evident in the literature, these
EKODE isomers have been shown, in a series of studies, to
have pronounced biological activity in stimulating steroid
hormone production and secretfoand in increasing cellular
calcium? Thus, regardless of whether any EKODE biological
activity is associated with their covalent binding capacities,
access to the individual isomers is crucial to advancing
structure-activity knowledge on these highly potent bioactive
molecules.

(9) Payet, M. D.; Goodfriend, T. L.; Bilodeau, L.; Mackendale, C.;
Chouinard, L.; Gallo-Payet, N\m. J. Physiol. Endocrinol. Metal2006
291, E1160-1167.

The chemical nature of mild linoleic acid oxidation without
chain cleavage was studied principally by the Gardner group
in the 1970s and early 1980¢n these studies, the researchers
chose to isolate and purify the linoleic acid-derived hydroper-
oxides and then effected their homolytic decomposition by a
cysteineFeCk catalyst in the presence of air on.Orhe first
study started from the mixture of 13-hydroperox®;-BlE-octa-
decadienoic acid (13-HPODE) and 9-hydroperoxye1Q27Z-
octadecadienoic acid (13-HPODE) and yielded the timos
y,0-epoxy<¢,S-enone EKODE isomers as a mixture of regio-
isomers. Characterization of the mixture of two corresponding
cisepoxy regioisomers required esterification with diazo-
methane, which achieved nearly complete separation from con-
taminating hydroxyoctadecadienoic acidS.he regioisomeric
composition in neither case could be discerned by NMR on
account of the apparent identity of the spectra at the low field
available at the time. Seven years later, these workers succeeded
in isolating the individual regioisomers as methyl esters, starting
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SCHEME 4. Synthetic Route totrans-EKODE-(E)-lla
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with either pure 9-HPODE or pure 13-HPODE, but no additional C=C of the enone moiety and the other with the epoxy function
NMR characterization was providédlin that same yean',3'- adjacent to the €0 of the enone moiety, which we assigned
epoxya,B-enone EKODE isomers were also observed to form as the EKODE¥)-I and EKODE-E)-1I series, respectively,
under similar reaction conditions for degradation of the initially where E) refers to the &C stereochemistry. Because the=C
formed hydroperoxide¥:® C bond is formed in free radical steps leading to formation of

To provide access to individual EKODE isomers needed for the precursor hydroperoxides, it would be mainly in the trans
probing the structural basis of their highly potent biological form, so that the EKODEZ)-I/Il forms would be expected to
activities, and to determine if certain isomers are more reactive be minor. We used the “trans/cis” identifier to define the
than others in modifying protein His residues, it was desirable Stereochemistry of the epoxy group, which apparently is more
to devise methods for total synthesis of the various individual likely to be generated physiologically in both stereochemical
EKODE regioisomers and geometrical diastereomers. We choseforms than is the €&C (the trans epoxy forms are more stable
to prepare the six isomers suspected of being produced inand should thus be more prominent). Last, “a” and “b” were
greatest amount from mild oxidation of linoleic acid under used to define whether the epoxy function is near the carboxy
physiomimetic conditions, based on the earlier work by the or methyl terminus, respectively. In this way, the proposed
Gardner group. In general, the preparative procedures andnomenclature and structures of the eight possible EKOB)E-(
purification techniques used were straightforward and the yields isomers are shown in Figure 1. Of the eight isomers shown, we
were satisfactory. Although the current work describes the omitted synthesis of the twais-EKODE-(E)-Il isomers, on the
synthesis of EKODE isomers as racemic mixtures, modifications basis of their not being observed in any report by Gardner and
of the synthetic routes chosen could provide access to homo-Co-workers.
chiral versions if it were desirable to study the individual optical
antipodes. Results and Discussion

With the six authentic isomers in hand, we first verified by
analytical HPLC that these six compounds are indeed formed Preparation of trans/cisEKODE-(E)-la. The synthetic
in the Fe(ll)/ascorbate-mediated oxidation of linoleic acid, and Procedure fotrangciss EKODE-(E)-la was based on the prepa-
their relative yields were estimated through knowledge of the ration of methyl 11-oxoundec-9-enoate followed by epoxidation
respective extinction coefficients. We then went on to show that to give methyl 11-ox0-9,10-epoxyundecanoate and subsequent
exposure oN®-benzoylt -histidine to autoxidizing linoleic acid  chain elongation by a Wittig-type reaction, followed by dem-
does indeed result in adducts, which are the same as thoséthylation (Scheme 1). Commercially available azelaic acid
formed in reaction with the individual synthetic EKODE isomers monomethyl estell was converted in two steps to methyl
and which represent conjugate addition with retention of the 9-oxononanoat@ in 64% overall yield. Elongation o8 by a
epoxide ring. The relative reactivities of the various isomers Wittig-type reaction led ta,S-unsaturated aldehydein 59%
toward imidazole nucleophiles were then determined. TheseYield. Epoxidation of4 with alkaline HO, proceeded in 44%
results provide the chemical background for interpreting a Yield to give trans-a.3-epoxy aldehydes. However, as the
subsequent study (to be published elsewhere) that describediterature on epoxidation dfans-o.,3-unsaturated aldehydes by
protein modification by the EKODE isomers and by autoxidizing alkaline HO, suggests the expectation of production of a minor
linoleic acid. amount of thecis-a,3-epoxy product? 5 was assumed to

Proposed Nomenclature of EKODE IsomersBecause of contain a minor cis isomer contaminant. A Wittig-type reaction

the variety of structural EKODE isomers that can be formed in
the nonenzymatic oxidation of linoleic acid, we felt it was (10) Lin, J.; Fay, L. B.; Welti, D. H.; Blank, ILipids 1999 34, 1117
worthwhile to propose a common (non-IlUPAC) nomenclature 11%161) Gung, B. W.: Dickson, HOrg. Lett 2002 25, 2517-2519
for this series of compounds. As Figure 1 shows, there are two (12) Cri”ey” M.M L. Go|din’g’ B. T.; Pierpoint, Cl. Chem. Soc.. Perkin

different families, one with the epoxy function adjacent to the Trans. 11988 2061-2068.
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FIGURE 2. HPLC chromatogram (230 nm) for the incubation of
linoleic acid (5 mM), Fe(NH)(SOy), (0.5 mM), and ascorbic acid (1.0
mM) in 50 mM pH 7.4 HEPES buffer containing 20% ethanol atG7
for times ranging from 2 to 96 h.
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FIGURE 3. HPLC chromatogram (230 nm) of the incubation of
linoleic acid (5 mM), Fe(NH)(SOy), (0.5 mM), and ascorbic acid (1.0
mM) in 50 mM pH 7.4 HEPES buffer containing 20% ethanol atG7
for 48 h (lower trace), with spiking with independently synthesized
EKODE isomers (six upper traces).

of 5 with 7, prepared from 1-triphenylphosphoranylidene-2-
propanones, gave rise to methyl 13-o0x0-9,€ans-epoxy-11-
(E)-octadecenoateB) in 70% yield, which was also assumed
to contain thecis-epoxy isomer as a minor contaminant. The
final hydrolytic demethylation step was accomplished by LiOH
and allowed isolation (after preparative TLC separation) of 66%
transEKODE-(E)-la and 3%cis-EKODE-(E)-la, with stereo-
chemistry being verified byH NMR spin—spin couplings.
Preparation of trans/cisEKODE-(E)-Ib. The synthetic
procedure fortrangcissEKODE-(E)-Ib was similar to that for
trangcissEKODE-(E)-la except for the use of a reverse Wittig
coupling strategy, as shown in Scheme 2. Commercially
available azelaic acid monomethyl estewas converted to its
acid chloride9 in 91% yield. The latter was converted to Wittig
reagentlO by reaction with the ylide resulting from stoichio-
metric n-BuLi-mediated deprotonation of methyltriphenylphos-
phonium bromide. The epoxidation of commercially available
2-octenal 11) with alkaline HO, afforded in 65% yield the
o,-epoxyaldehydel?, which was presumed to contain a
mixture of the major trans and minor cis isomers. Elongation
of 12 by a Wittig-type reaction witl0 gave rise to a mixture
of methyl 13-0x0-9,10€ig/trang)-epoxy-11E)-octadecenoate3
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FIGURE 4. Time profile of the yield of EKODE isomers generated
from the incubation of linoleic acid (5 mM), Fe(NH(SQy)2 (0.5 mM),
and ascorbic acid (1.0 mM) in 50 mM pH 7.4 HEPES buffer containing
20% ethanol at 37C. A, transEKODE-(E)-la; v, transEKODE-(E)-

Ib; W, transEKODE-(E)-lla; O, transEKODE-(E)-IIb; v, cisEKODE-
(E)-la; A, cisEKODE-(E)-Ib; @, total of six EKODE isomers.
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FIGURE 5. Reversed phase LC-MS analysis of products derived from
Fe(ll)-mediated autoxidation of linoleic acid in the presenceNef
benzoylt-histidine. (A) TIC; (B) SIC for MH" (m/z570) expected for
EKODE (M = 310) Michael adducts.

in 65% vyield. The final demethylation step was performed by
LiOH and allowed isolation (after preparative TLC separation)
of 63% transEKODE-(E)-Ib and 4%cis-EKODE-(E)-Ib.

Preparation of transsEKODE-(E)-1lb. The synthetic pro-
cedure fortransEKODE-(E)-1Ib was based on the preparation
of methyl 9-hydroxy-11-oxooctadec-B)enoatel5, subse-
guent epoxidation to give methirans-12,13-epoxy-9-hydroxy-
11-oxooctadecanoafks, and subsequent dehydration and then
demethylation (Scheme 3). Aldol condensation of commercially
available 3-nonen-2-ong&4 with 3 afforded15 in 38% vyield.
Epoxidation ofl5 with alkaline HO, affordedtrans-epoxy ketol
16in 72% yield after chromatographic isolation, as a mixture
of diastereomers. The dehydration % by methanesulfonyl
chloride affordedL7in 78% yield as a single diastereomer. The
final demethylation step was accomplished by LiOH to give
transEKODE-(E)-11b in 31% vyield.

Preparation of trans-EKODE-(E)-lla. The synthetic pro-
cedure fortrans EKODE-(E)-lla was similar to that fotrans
EKODE-(E)-1IIb. As shown in Scheme 4, elongation 8fby
Wittig reagent6 led to a,f-unsaturated aldehydE8 in 75%
yield. Aldol condensation af8 with hexanal resulted in methyl
13-hydroxy-11-oxooctadec-9-enoat® in 17% yield. The

J. Org. ChemVol. 72, No. 25, 2007 9475
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100 454 10E6 LC/MS Comparison of the Products of the Reactions of
501 A 4;1-\2“\“ ) N«-Bz-His either with Autoxidizing Linoleic Acid or with
0 Individual EKODE Isomers. After confirming the presence
I v !

of six EKODE isomers in the linoleic acid autoxidation mixture,

100 44 645 0 454; 8 25E6 the latter was also analyzed by LS-MS/MS, with selected ion
501 B m ) monitoring atm/z 311 (MH") to determine if there are additional
0+ . ) oxidation products isomeric with the six identified EKODE
442 454 products. Six small peaks in the selected ion chromatogram
oo Y . 4.0 E6 (SIC) were observed in the elution time range of-PB min
g 501 C M (Figure S45), which were not apparent as discrete peaks in the
k) 0 ¥ ] total ion chromatogram (TIC). In contrast, the six major peaks
£ 100 459 seen in the range of 285 min were also the only prominent
0 501 D A 2.5E6 peaks seen in the TIC in this elution time range (Figure S46),
T o and the elution pattern and intensities matched that for the
° ' ! EKODE isomers in the HPLC-UV chromatogram (Figure 3)
& 100 454 2 5E6 (though the elution times were longer due to the different
501 E ,\__/\ gradient eluent used). MSnalysis of the four faster eluting
0] / . peaks €issEKODE-(E)-la/b andtrans EKODE-(E)-la/b) each
45.7 exhibited a prominent granddaughter fragmentnaz 293
100 46.0 5.0 E5 (example in Figure S46), occasionally accompanied by a weak
501 F / 8‘_\ peak atm/z 275, whereas the late eluting peaksuisEKODE-
0 (E)-lla,b) exhibited a prominent granddaughter fragmemtvat
45.4 275, with an occasional weak peak @iz 293. As these
100 G 459 5.0E5 fragments appear to represent the loss of one or two water
501 J’\ » molecules, it appears that the EKODE-I and EKODE-II series
0 T T T T 1 can exhibit distinctive collision-induced dissociation chemistry.
40 42 44 46 48 50 ) , )
. . . The above results provide presumptive evidence that the
Retention time (min) protein modifications corresponding to adduction of 310 Da to

His residues in the presence of autoxidizing linoleic #id

FIGURE 6. Reversed phase LC selected ion chromatograms fof MH o o sent adduction of one or more EKODE isomers. To confirm

(m/z570) of theN*-benzoyl+ -histidine adducts of (A) EKODE isomers

derived from autoxidation of linoleic acid (Fe(ll)/A} (B) trans the ability of His side-chains to undergo adduction by EKODEs,
EKODE-IIb; (C) trans EKODE-Ila; (D) trans EKODE-Ib; (E) trans- N*-benzoylt-histidine (BzHis) was used as a surrogate nucleo-
EKODE-Ia; (F)cissEKODE-Ib; and (G)cis-EKODE-la. phile for protein-based His to react both with autoxidizing

linoleic acid and with authentic EKODE isomers. Thus, 2 mM
BzHis was incubated with 5 mM linoleic acid, 1 mM ascorbic
acid, and 0.5 mM Fe(Npx(SQy), or with 0.2 mM each EKODE
isomer in 50 mM, pH 7.4 HEPES buffer at 3T for 18 h.
LC/MS analysis of the reaction mixture of BzHis with autoxi-

in 69% yield as a single diastereomer. The final hydrolytic dizing linoleic acid (TIC shown in Figure 5A) showed a broad

demethylation step was performed by LIOH and gaas stretch of peaks eluting at 4G5 min, including peaks with
EKODE-(E)-la in 47% yield. retention time from 44 to 46 min that corresponding to MH

Relative Yield of EKODEs from Nonenzymatic Autoxi- ion atm/z 570 (SIC shown in Figure 5B). The latter peaks were
dation of Linoleic Acid. With six isomers of EKODE in hand, ~ 2ssigned to a mixture of isomeric EKODE BzHis adducts.MH

the next goal was to determine the yield of each of the various /0NS atm/zvalues corresponding to BzHis modification by other
EKODE isomers arising from nonenzymatic oxidation of linoleic POSSible linoleic acid-derived reactive species, including 4-hy-
acid under the conditions, we had used to achieve modification droXy-2-nonenal (HNE), were not observed (data not shown),
of protein side-chains by linoleic acid oxidation products. Thus, & result consistent with the apparently quite selective generation
incubation of linoleic acid with 0.1 equiv of Fe(ll) and 0.2 equiv  ©f the EKODE isomers relative to chain-cleavage products,
of ascorbic acid resulted in a product mixture (Figure 2), which Under these apparently rather mild linoleic acid oxidation
was shown by analytical HPLC to contain six EKODE isomers Cconditions.

(four EKODE-E)-I isomers and twotransEKODE-(E)-II For the LC-MS analysis of the reactions of BzHis with each
isomers), identified by their diode array absorbance spectra (notof the six synthetic EKODE isomers (Figure 6), the selected
shown) and by spiking with the authentic samples (Figure 3) ion chromatograms (SICs) az570 in all cases were consistent
prepared above. The yields of the six EKODE isomers after 18 with the expected EKODE-His adducts. However, the adducts

epoxidation of19 with alkaline HO, gave, after chromato-
graphic isolation, methyltrans-9,10-epoxy-13-hydroxy-11-
oxooctadecanoat20 (87% yield) as a mixture of two diaster-
eomers, which was dehydrated with methanesulfonyl chloride
to afford methyltrans-9,10-epoxy-11-oxooctadec-12-enodfe

h of oxidation were determined to be 0.34#ts{EKODE-(E)- from the different EKODE isomers showed different retention
1a), 0.34% €issEKODE-(E)-Ib), 1.24% (ransEKODE-(E)-1a), time and peak patterns. For example, the chromatogram for
1.30% (ransEKODE-(E)-Ib), 0.41% (ransEKODE-(E)-lla), adduction oftranssEKODE-IIb to BzHis revealed the presence

and 0.47%ttansEKODE-(E)-1Ib). The combined yield of these  of four peaks with retention times of 44.6, 45.0, 45.4, and 45.8
six EKODE isomers was 4.1%, increasing to 4.7% at the 48 h min (Figure 6B). This finding is consistent with the formation
time point of autoxidation (Figure 4), after which point the yield of all four possible diastereomers that would be produced upon
decreased, probably because of further oxidation of the initially conjugate addition of BzHis tsansEKODE-I1b, which would
formed EKODE isomers. create a new chiral centeR pr S) superimposed on the existing

9476 J. Org. Chem.Vol. 72, No. 25, 2007



Six EKODE Isomers ]OCA?’tiCle

(C) 6 days JM Mt"h
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4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 ppm

FIGURE 7. Expanded NMR spectra (2-6+.0 ppm region) for the conversion tins-5,6-epoxy-3E)-octen-2-one 43) to its imidazole Michael
adduct(s)24 in 100 mM, pH 7.4 deuterated sodium phosphate buffer containing 20% 825 °C.

SCHEME 5. Synthesis oftrans-5,6-Epoxy-3E)-octen-2-one (23) and Its Reaction with Imidazole

Ph3P_
o H,0, / NaHCO; (@) />io 0,
NN —m—m——— /WO M{

22 23 ©
N
&
Imidazole o N O
Buffer/CD;CN \AM

24

epoxide chirality R,Ror S, and the fixed Hisx-carbon chiral Preparation EKODE Analog trans-5,6-Epoxy-3E)-octen-
center. In contrast, epoxide ring-opening, also consistent with 2-one (23) and NMR Spectroscopic Study of its Imidazole
a +310 Da mass addition, would be regio- and likely also Adduction Chemistry. To confirm our tentative mass spec-
stereospecific and, thus, should give only two diastereomers.trometric conclusion that the adduction of EKODE isomers by
Curiously, BzHis adducts of other EKODE isomers showed only protein His residues under physiomimetic conditions represents
one or two peaks in their chromatograms (Figure—6). Michael addition rather than epoxide ring-opening chemistry,
However, since it is unlikely that there would be a changeover we carried out an NMR spectroscopic study on the reaction of
to epoxide ring-opening for these isomers, the latter observationimidazole with the low molecular weight EKODE-I analog
most likely represents coelution of Michael adduct diastereomerstrans-5,6-epoxy-3E)-octen-2-one Z3). Compound 23 was
in these cases, though we cannot exclude the possible occurrencprepared by epoxidation of Bf-pentenal to give22 and
of diastereoselective adduction chemistry. subsequent chain elongation by a Wittig reaction (Scheme 5).
Comparing the SICs atvz 570 for the reaction of BzHis The reaction o23 with 3 equiv of imidazole in 100 mM,
with autoxidizing linoleic acid (Figure 6A) with the sanme'z pH 7.4 deuterated sodium phosphate buffer j®@ontaining
570 SICs obtained for reaction of BzHis with the different 20% CD;CN was monitored byH NMR over time (Figure 7).
EKODE isomers, it is possible to estimate the extents to which Although the starting material could be seen after 10 min, more
adduction by the various EKODE isomers contribute to the than 95% of23 was transformed over 24 h with loss of the
adduct profile generated from autoxidizing linoleic acid. For olefinic signals, confirming a conjugate addition. The epoxide
example, the most intense peak in Figure 6A near 45.4 min methine region of the spectrum exhibited a change (upfield shift
appears to represent some combination of contributions fromof the two H signals) consistent with the formation of a
one of four peaks seen faransEKODE-IIb and one of the diastereomeric mixture of imidazole Michael addutgScheme
two peaks seen faransEKODE-Ila, transEKODE-la, and/ 5), where integration indicated an isomer ratio of 1.7:1 (Figure
or cisEKODE-la. The other large peak in Figure 6A with 7B). A trace amount of Michael addu2# deteriorated in 6
retention time 44.2 min can only come from one of the two days under these reaction conditions (possibly to the diol coming
peaks oftransEKODE-lla. On the basis of the similarity in ~ from epoxide hydrolysis), but the His-EKODE Michael adducts
the structure of all the isomeric EKODE BzHis Michael adducts, should clearly qualify as stable protein adducts at physiological
and the assumption that their ESI sensitivities are thus not pH conditions.
significantly different, the above qualitative analysis suggests  Although the above model study confirms the occurrence of
that transEKODE-Ila/b would represent the major EKODE conjugate addition chemistry under physiological conditions,
isomers that reacted with BzHis. Although the yield of EKODE- the conduct of the reaction in deuterated solvent and the
Il was lower than of EKODE-I, the former is shown in kinetic consequential exchange next te=O precluded a full structural
studies described below to be much more histidine-reactive thancharacterization of the adduct by NMR. To accomplish the latter,
the latter, which appears to play a key factor in the modifications the reaction of imidazole (in excess) w28 was repeated using
that are observed during the 18 h linoleic acid autoxidation CDCl; as solvent at room temperature. Monitoring tHeNMR
reaction. spectrum over time showed disappearance of the olefinic
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TABLE 1. Reaction Rate Constants for the Reaction of EKODE cysteineFeCk-mediated homolytic decomposition of linoleic
Isomers with Imidazole Nucleophiles acid-derived hydroperoxides (9- and 13-HPODE) by Gardner

reaction with reaction with and co-workerg.Starting with purified 13-HPODE as starting

imidazole N©-Ac-histamine material, transEKODE-(E)-Ib and cis-EKODE-(E)-Ib were
EKODE M-1s7h M-1s7h ; ; 0 vji ; .
isolated in 18 and 5% vyield, respectively, based on hydroper
C!S-:g i-ggi 8-8§>< igz 1-igi 8-8§>< igz oxide consumed This work required initial silica gel fractional

cis- .28+ 0.02x 40+ 0.07 x H atiza.-
ransia 5 664 0.04% 103 > 24+ 0.04% 10-2 c_olumndchro_rpatqgrapfhy follli)wed by dlafzohmetha?]elderlvatlia
trans-|b 2644+ 0.07x 1073 2224 0.10x 1073 tion an puri ICatI(:.)n O sma amOUnFS of the met Yy este.l's Yy
translla 19.740.8x 1073 13.94 0.3x 103 TLC. Our synthetic routes now provide a means to obtain not

translib 1954+ 1.2x 1073 13.8+£0.4x 1073 only the EKODE-I series but also the EKODE-Il series in
aReactions were conducted at 3C in 50 mM, pH 7.4, sodium preparative amounts. Access to tbis-epoxy isomers in the _
phosphate buffer containing 20% ethanol. [Imidazole nucleopsilgjmM, EKODE-I series arose from the lack of complete stereospeci-

[EKODE] = 0.2 mM. ficity in the base-mediated 4@,-dependent epoxidation of the

o,p-unsaturate@ldehydeintermediates. On the other hand, in

resonances after 86 h (Figure S47), confirming Michael the synthetic routes to the _EKODE-_II series, the same regction
adduct formation, and the appearance of two peaks at 4.85 and®f @.f-unsaturatedketone intermediates appeared to yield
4.75 ppm in a ratio of 4:1 (methine position bonded to €Xclusivelytransepoxy products. _
imidazole), consistent with the formation of two diastereomeric ~ With the six individual EKODE isomers in hand, we were
Michael adducts with a diastereoselectivity somewhat different Ple to quantitate their yields in the direct mild oxidation of
than in buffered aqueous GEN solvent. I|nole|c_aC|d. Although the EKODESs are generated in ove_rall

Relative Reactivity of EKODE Isomers with Histidine lower yields than when_they are formed_ from_pre-synthesmed
Analogs. From the foregoing conclusion that covalent adduction HPODES! the EKODE isomers were still major products as
of His imidazole to EKODE isomers involves Michael addition, °bserved by HPLC chromatography. It seems clear that the
the disappearance of togs-unsaturated carbonyl chromophore Major hydroperoxide decomposition route affords trens-
should allow for monitoring the rates of the Michael addition EKODE-(E)-la/b regioisomers, with thgans EKODE-(E)-lla/b
reactions spectrophotometrically. Thus, each of the six EKODE and cisEKODE-(E)-la/b regioisomers being formed in about
isomers was allowed to react with an excess of either imidazole 3 @nd 4 times lower amounts, respectively. _
or N-Ac-histamine, as surrogates of the protein His side-chain, ~Our current finding that EDOKE isomers are the predominant
under physiomimetic conditions (pH 7.4 sodium phosphate products generated from OX|d|Z|_ng I|_no_Ie!c acid with a mass of
buffer containing 20% ethanol). The derived pseudo first-order 310 Da suggests that the protein His imidazole adducts with a
rate constants are listed in Table 1. Whereas there were noMass gain of 310 B indeed represent adduction by EKODE
significant rate differences observed within each regioisomeric isomers. However, until now, we had no information on which
pair of EKODESs, the different EKODE types showed signifi- ©Of the EKODE isomers are likely to be involved or on the
cantly different reactivities. Thus, the two EKODEs in the Structure of the adducts. The relative reactivity studies using
EKODE-II series {ranslla and trans|lb) were found to be ~ Multiple imidazole electrophiles showed that the EKOE5-(
7—15 times more reactive than the four EKODE-I isomers, Il isomers are substantially more reactive than the EKODE-
whereas tharans-la/lb isomers were a little more than twice (E)-lisomers, though they are generated in lower amounts from
as reactive as theis-la/lb isomers. The low reactivity of the  linoleic acid. Overall, this would mean that any given protein
latter two isomers is also apparent from the lower adduct ion HiS adduct arising from oxidizing linoleic acid is likely to
intensities seen for the mixture of adducts generated from representa spectrum of adduction by various EKODE isomers.
autoxidizing linoleic acid (Figure 6). In any event, our r(_asults furthe_r_ demonst_ratg t_hat these adducts

In reality, the conclusions on adduct structure that we drew Would reflect conjugate addition of His imidazole to the
using EKODE mode23 pertain only to the EKODER)-I series EKODEs r.athe.r than the isomeric scenario |n\{0IV|ng nuclelo-
of isomers. Nonetheless, although we did not conduct an Philic epoxide ring opem_ng.These res_ults establlsh the c_hem|cal
analogous model study for the EKODE)I series, the fact pre_cgdent for interpreting the reaction of proteins with the
that the reactions with imidazole nucleophiles for all six EKODE  individual EKODE isomers or their mixture generated from
isomers could be monitored by disappearance of the character@utoxidizing linoleic acid. The knowledge of the EKODE
istic o,3-unsaturated carbonyl UV chromophore suggests that €lectrophilic reactivities also provides an underpinning for the
all reactions represent conjugate addition chemistry rather thanéventual interpretation of various types of biological activities
epoxide opening. The much higher reactivity of the EKODE-I that are being observed for these important endogenously formed
series over EKODE-| series may then reflect a steric slowing molecules.
of Michael addition to the electrophilic position of the reactive
C=C by the adjacent epoxide ring, though we cannot rule out Experimental Section
a contribution by an electronic effect. The more modest

difference in reactivity betweetransEKODE-la/b andcis- General experimental details and preparation of key intermediates

can be found in the Supporting Information.

EKODE-la/b is also likely to reflect a steric issue. Methy! trans(cig-9,10-Epoxy-11-oxoundecanoate (5h 30%
aqueous kKD, solution (708L, 6.9 mmol) was added to a solution
Conclusion of methyl 11-oxoundec-&)-enoate4 (500 mg, 2.36 mmol) in

. . . MeOH (10 mL) at 0°C, and then NaHC&(238 mg, 2.83 mmol)
EKODE isomers are important molecules because of their ;45 added. The mixture was stirred vigorously ®h atroom

highly potent biological activiti€s’ and our recent finding that  temperature; then brine (20 mL) was added, and the resulting
they selectively modify protein histidine side-chafiSeveral suspension was extracted with ethyl ether. The combined organic
EKODE isomers were first isolated and characterized from extract was dried (N&Oy), the solvent was evaporated, and the
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crude product was purified by silica gel chromatography (eluent
hexanes-ether 3:1), affordirtgas a yellow oil (236 mg, 44%)*H
NMR (trans isomer, 200 MHz, CDg)I6 1.22-1.52 (8H), 1.52-
1.70 (4H), 2.31 (t, 2HJ) = 7.3 Hz), 3.13 (dd, 1HJ = 6.3 and 2.0
Hz), 3.23 (td, 1HJ = 5.6 and 2.0 Hz), 3.67 (s, 3H), 9.02 (d, 1H,
J= 6.3 Hz);13C NMR (trans isomer, 50 MHz, CDg)I6 24.9 (+),
25.8 (), 28.99 (), 29.06 (+), 29.09 (), 31.2 (+), 34.1 (),
51.5 (), 56.8 (), 59.2 (), 174.3 (), 198.6 (); HRMS (FAB)
caled for GoH2:04 (MH*) 229.1440, found 229.1436. NMR

JOC Article

A second band && = 0.22 was extracted with G@H, and the
extract was filtered, purified by preparative HPLC, and evaporated,
affording cissEKODE-(E)-la as an yellow oil (0.8 mg, 3%)H
NMR (200 MHz, CDC¥}) 6 0.90 (t, 3H,J = 6.7 Hz), 1.22-1.70
(18H), 2.36 (t, 2HJ = 7.3 Hz), 2.55 (t, 2HJ) = 7.2 Hz), 3.20 (m,
1H), 3.53 (dd, 1HJ = 6.4 and 3.5 Hz), 6.42 (d, 1H,= 15.9 Hz),
6.65 (dd, 1HJ = 15.9 and 6.4 Hz)'3C NMR (150 MHz, CDC})

0 13.9, 22.5, 23.8, 24.6, 26.2, 27.6, 28.8, 28.97, 29.03 (2), 31.4,
41.0, 55.5, 59.8, 132.9, 139.7, 199.7; UV (ethandl}ax = 232

resonances for the minor cis isomer could not be readily ascertainednm; e(Ana) = 11 000 L:mol-*-cm™; HRMS (FAB) calcd for

Methyl 13-Oxo-trans(ci9-9,10-epoxy-11E)-octadecenoate (8)3
n-Butyllithium (1.6 mL, 2.5 M in hexane, 3.8 mmol) was added to
a cooled €70 °C) solution of 1-(triphenylphosphoranylidene)-2-
propanone®) (1.0 g, 3.2 mmol) in THF (40 mL), causing a deep-

CigH3:04 (MHT) 311.2222, found 311.2210.
9-Oxo-cigtrans-12,13-epoxy-10E)-octadecenoic Acid ¢is/

trans-EKODE-(E)-Ib). A solution of methyl 13-oxdrans(cig-

9,10-epoxy-11F)-octadecenoatelB) (20 mg, 0.062 mmol) in

red color to develop. The mixture was stirred for 30 min, whereupon _pyoH (1 mL) was treated with a solution of LiOH (2.7 mg, 0.11
n-butyl iodide (0.83 g, 4.5 mmol) was added dropwise, and the mmol) in H,0 (0.5 mL). After the solution was stirred at room
mixture was then allowed to stir at room temperature for 18 h. temperature for 1 h, saturated M (400uL) was added, and the

After evaporation of THF, the resulting red oil was dissolved in
EtOAc (20 mL) and washed with water. The dried §8&;) organic

layer was evaporated to afford crude 1-(triphenylphosphora-

nylidene)-2-heptanof#(7) as a viscous oil in essentially quantita-
tive yield (1.35 g). A solution of crud& (213 mg, 0.57 mmol) in

3 mL of anhydrous Chk{Cl, was added to a solution of methyl 9,-
10-epoxy-11-oxoundecanoat®) (100 mg, 0.44 mmol) in 1 mL of
anhydrous CHELCI, at 0°C. After stirring for 1 h, the mixture was
directly applied to a preparative silica gel TLC plate (0.5 mm),
which was eluted with hexanes-EtOAc 3:2. The banBat 0.59

was extracted with ether, and the extract was filtered and evaporated

affording8 as a yellow oil (99 mg, 70%)*H NMR (trans isomer,
200 MHz, CDC}) 6 0.88 (t, 3H,J = 6.6 Hz), 1.22-1.70 (18H),
2.30 (t, 2H,J = 7.3 Hz), 2.53 (t, 2HJ = 7.2 Hz), 2.89 (td, 1H)
= 5.3 and 2.0 Hz), 3.20 (dd, 1H, = 6.4 and 2.0 Hz), 3.66 (s,
3H), 6.38 (d, 1HJ = 15.9 Hz), 6.51 (dd, 1HJ = 15.9 and 6.4
Hz); 13C NMR (trans isomer, 50 MHz, CDg)l § 14.0 (-), 22.5
(+), 23.8 (+), 24.9 (), 25.8 (+), 29.0 (+), 29.2 (2,+), 31.5 (+),
31.9 (), 34.1 (), 40.7 @), 51.5 (), 56.7 ), 61.6 (), 131.4
(—), 1425 ), 174.3 (), 199.8 ¢+); HRMS (FAB) calcd for
Ci1oH3304 (MHT) 325.2379, found 325.2378. NMR resonances for
the minor cis isomer could not be readily ascertained.
13-Oxo-cis/trans9,10-epoxy-11E)-octadecenoic Acid €is/
trans-EKODE-(E)-la). A solution of 8 (20 mg, 0.062 mmol) in
i-PrOH (1 mL) was treated with a solution of LiOH (2.7 mg, 0.11
mmol) in H,O (0.5 mL). After the solution was stirred at room
temperature for 1 h, saturated B (400uL) was added, and the
pH was adjusted to45 with 0.1 N HCI. The aqueous layer was

pH was adjusted to45 with 0.1 N HCI. The aqueous solution
was extracted with EtOAc. The combined organic extract was dried
(Na;SOy) and evaporated. The crude product was applied to a
preparative silica gel TLC plate (0.5 mm), which was eluted with
hexanes-ether-CH3;COOH 30:50:1. The band & = 0.24 was
extracted with CHOH, and the extract was filtered and evaporated,
affording trans EKODE-(E)-1b as white solid (12 mg, 63%): mp
69 °C; 'H NMR (200 MHz, CDC}) ¢ 0.90 (t, 3H,J = 6.5 Hz),
1.22-1.70 (18H), 2.34 (t, 2H) = 7.4 Hz), 2.53 (t, 2HJ = 7.4
Hz), 2.91 (td, 1HJ = 5.3 and 2.1 Hz), 3.20 (dd, 1H,= 6.5 and
2.1 Hz), 6.38 (d, 1HJ = 16.0 Hz), 6.51 (dd, 1H) = 16.0 and 6.5
Hz); 13C NMR (50 MHz, CDC}) 6 14.0 (), 22.6 &), 24.0 ),
24.6 (+), 25.6 (+), 28.9 (+), 29.0 (2,+), 31.6 (+), 32.0 (+), 34.0
(+), 40.6 (+), 56.7 (), 61.7 (), 131.4 (), 142.7 ), 1795
(+), 199.7 &); UV (ethanol): Amax = 232 NM;e(Ama) = 13 700
L-mol~1-cm™1; HRMS (FAB) calcd for GgH3:04 (MH™) 311.2222,
found 311.2227.

A second band aR: = 0.22 was extracted GJH, and the
extract was filtered and evaporated, affordirig EKODE-(E)-Ib
as a yellow oil (0.8 mg, 4%)*H NMR (200 MHz, CDC}) 6 0.89
(t, 3H,J = 6.8 Hz), 1.22-1.70 (18H), 2.35 (t, 2HJ) = 7.4 Hz),
2.54 (t, 2H,J = 7.2 Hz), 3.20 (m, 1H), 3.52 (ddd, 1H,= 6.4,
4.4, and 0.8 Hz), 6.40 (dd, 1H,= 16.0 and 0.8 Hz), 6.65 (dd,
1H,J = 16.0 and 6.4 Hz)3C NMR (150 MHz, CDC}) ¢ 14.2,
22.7,24.2, 249, 26.2, 27.8, 29.1, 29.21, 29.24, 31.7, 41.1, 55.7,
60.1, 133.1, 140.0, 199.6 (one C signal missing and one apparently
overlapped); UV (ethanol):Amax = 232 nm; €(Amay = 11 000

extracted with EtOAc, and the combined organic extract was dried L-mol™-cm™% HRMS (FAB) calcd for GgHz104 (MH*) 311.2222,
(N&;SO,) and evaporated. The crude product was applied to a found 311.2230.

preparative silica gel TLC plate (0.5 mm), which was eluted with
hexanes-ether-G&OOH 30:50:1. The band & = 0.24 was
extracted with CHOH, and the extract was filtered and evaporated,
affordingtrans EKODE-(E)-la as a white solid (13 mg, 66%}JH
NMR (200 MHz, CDC}) 6 0.88 (t, 3H,J = 6.4 Hz), 1.22-1.70
(18H), 2.35 (t, 2HJ = 7.2 Hz), 2.53 (t, 2HJ) = 7.2 HZz), 2.89 (td,
1H,J = 5.4 and 2.0 Hz), 3.20 (dd, 1H,= 6.4 and 2.0 Hz), 6.38
(d, 1H,J = 15.9 Hz), 6.51 (dd, 1HJ = 15.9 and 6.4 Hz)3C
NMR (50 MHz, CDCB) 6 14.0 (), 22.5 (+), 23.8 (+), 24.7 (+),
25.8 (+), 29.0 (+), 29.1 (), 29.2 (+), 31.5 (+), 31.9 (+), 34.0
(+), 40.7 (), 56.7 (), 61.6 (), 131.4 ), 1425 (), 179.7
(+), 199.9 ¢); UV (ethanol) imax = 232 nm,e(Ama) = 13 700
L-mol~t-cm™%; HRMS (FAB) calcd for GgH3:04 (MH ') 311.2222,
found 311.2214.

(13) Hidalgo, F. J.; Zamora, R.; Vioque, Ehem. Phys. Lipid4992
60, 225-233.

(14) Black, G. P.; Murphy, P. J.; Walshe, N. D. Retrahedron199§
54, 9481-9488.

(15) Pelter, A.; Ward, R. S.; Whalley, J. Bynthesid998 12, 1793~
1802.

(16) Lin, J.; Fay, L. B.; Welti, D. H.; Blank, ILipids 1999 34, 1117
1126.

Methyl 9-Hydroxy-11-oxooctadec-12E)-enoate (15).To a
precooled {78 °C) solution of lithium diisopropylamide (2.0 mL,
2M in THF/n-heptane, 4.0 mmol) was added 3-nonen-2-dig (
(560 mg, 4.0 mmol) slowly. The resulting solution was stirred at
—78 °C for 15 min before slowly adding methyl 9-oxononanoate
(3) (368 mg, 2.0 mmol) in anhydrous THF (2 mL). The reaction
mixture was stirred at-78 °C for a further 20 min and then
quenched by the addition of saturated aqueoug@L mL). The
resulting reaction mixture was allowed to warm to room temper-
ature. The mixture was further extracted with EtOAc and water,
and then the combined organic layers were dried,8T) and
evaporated. The crude product was purified by silica gel chroma-
tography (eluent hexanes-ether 1:1), affordibgs slightly yellow
oil (246 mg, 38%):H NMR (400 MHz, CDC}) 6 0.86 (t, 3H,J
= 7.2 Hz), 1.20-1.62 (18H), 2.19 (dtd, 2H] = 6.8, 6.8, and 1.6
Hz), 2.26 (t, 2HJ = 7.6 Hz), 2.58 (dd, 1H) = 17.6 and 9.2 Hz),
2.71(dd, 1HJ = 17.6 and 2.8 Hz), 3.24 (d, 1Kd,= 3.2 Hz), 3.63
(s, 3H), 3.98-4.04 (1H), 6.05 (dt, 1HJ = 16.0 and 1.6 Hz), 6.83
(dt, 1H,J = 16.0 and 6.8 Hz)¥C NMR (100 MHz, CDC}) ¢
14.2,22.6, 25.1, 25.6, 27.9, 29.3, 29.4, 29.6, 31.5, 32.7, 34.3, 36.7,
46.2, 51.7, 67.9, 130.8, 149.2, 174.5, 201.5; HRMS (FAB) calcd
for CygH350, (MH™) 327.2535, found 327.2532.
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Methyl trans-12,13-Epoxy-11-0x0-9-hydroxyoctadecanoate (16).
Hydrogen peroxide (30%, 0.3 mL, 2.9 mmol) was added slowly to
a stirred solution ofl5 (162 mg, 0.5 mmol) in methanol (2 mL) at
5 °C. Aqueous NaOH (1N, 0.5 mL) was added over 30 min, and

Lin et al.

hexanes-ether-CH;COOH 30:50:1. The band & = 0.26 was
extracted with CHOH, and the extract was filtered, purified by
preparative HPLC, and evaporated, affording a slightly white oil
(6 mg, 31%):'H NMR (400 MHz, CDC}) 6 0.89 (t, 3H,J=7.2

the mixture was stirred at room temperature for 4 h. Saturated Hz), 1.30-1.40 (10H), 1.42-1.56 (4H), 1.66-1.70 (4H), 2.22 (dtd,

aqueous N#£,0, (0.5 mL) was then added to destroy any remaining
peroxide while maintaining the temperature below 4D The
mixture was diluted with water (5 mL) and extracted with ether (3
x 5 mL). The combined organic layers were dried {8@;) and

evaporated. The crude product was purified by silica gel chroma-

tography (eluent hexanes-ether 1:1), affordiras colorless oil
as a mixture of two isomers (ratio: 1.25/1) (122 mg, 72%):

IH NMR (major isomer, 400 MHz, CDG) 6 0.86 (t, 3H,J =
7.2 Hz), 1.26-1.62 (20H), 2.26 (t, 2H) = 7.6 Hz), 2.34 (dd, 1H,
J=17.6 and 9.2 Hz), 2.50 (dd, 1Kd,= 17.6 and 7.2 Hz), 2.84
2.88 (1H), 3.02 (ddd, 1H] = 6.0, 4.8, and 2.0 Hz), 3.18 (d, 1H,
J=2.0Hz), 3.62 (s, 3H), 3.984.04 (1H);*H NMR (minor isomer,
400 MHz, CDC¥}) 6 0.86 (t, 3H,J = 7.2 Hz), 1.26-1.62 (20H),
2.26 (t, 2H,J=7.6 Hz), 2.42 (dd, 1H) = 17.6 and 3.2 Hz), 2.51
(dd, 1H,J = 17.6 and 4.4 Hz), 2.762.80 (1H), 3.08 (ddd, 1H]
= 6.0, 4.8, and 2.0 Hz), 3.16 (d, 1H,= 2.0 Hz), 3.62 (s, 3H),
3.98-4.04 (1H);*3C NMR (isomeric mixture, 100 MHz, CDGg)
014.1, 22.7, 25.1, 25.5, 25.6, 29.2, 29.3, 29.5, 31.6, 31.9, 34.2

2H,J=7.2,7.2,and 1.6 Hz), 2.34 (t, 2d,= 7.2 Hz), 3.04 (ddd,
1H,J= 6.0, 4.8, and 2.0 Hz), 3.34 (d, 1H,= 2.0 Hz), 6.23 (dt,
1H,J=15.6 and 1.6 Hz), 7.02 (dt, 1H,= 15.6 and 7.2 Hz)}*C
NMR (150 MHz, CDC}) 6 14.0, 22.5, 24.6, 25.5, 27.9, 28.9, 29.0,
314, 31.8, 32.7, 33.8, 58.4, 59.1, 124.0, 150.4, 178.8, 195.8 (one
C signal is apparently overlapped); UV (ethanol);ax = 232 nm;
€(Amay) = 11 400 L'mol~1-cm~%; HRMS (FAB) calcd for GgHz104
(MH™) 311.2222, found 311.2236.
trans-9,10-Epoxy-11-oxo-1Z)-octadecenoic Acid {rans-
EKODE-(E)-lla). A solution of methylrans12,13-epoxy-11-oxo-
9(E)-octadecenoate(l) (20 mg, 0.062 mmol) in-PrOH (1 mL)
was treated with a solution of LiOH (2.7 mg, 0.11 mmol) isH
(0.5 mL). After the solution was stirred at room temperature for 1
h, saturated aqueous NEl (400uL) was added, and the pH was
adjusted to 45 with 0.1 N HCIl. The aqueous solution was
extracted with EtOAc. The combined organic extracts were dried
(Na&SOy) and evaporated. The crude product was applied to a

, preparative silica gel TLC plate (0.5 mm), which was eluted with

36.8, 43.8, 44.1, 51.6, 58.4, 58.8, 59.9, 60.2, 67.3, 67.6, 174.5, hexanes-ether-CH;COOH 30:50:1. The band & = 0.26 was

208.9, 209.0; HRMS (FAB) calcd for gH3s05 (MHT) 343.2484,
found 343.2476.

Methyl trans-12,13-Epoxy-11-oxo-%)-octadecenoate (17%¢
Methanesulfonyl chloride (42L, 0.55 mmol) was added dropwise
to a stirred solution ofL6 (170 mg, 0.5 mmol) and triethylamine
(209 uL, 1.5 mmol) in CHCI, (1 mL) at 0°C. Upon complete
addition, the reaction mixture was stirred for 30 min 400 allowed
to warm to room temperature with stirring for 1 h, diluted with
CH,Cl; (10 mL), and washed with water (10 mL). The aqueous
phase was extracted with GEl, (3 x 10 mL), and the combined
organic layers were dried (Ma&O,) and evaporated. The crude
product was purified by silica gel chromatography (eluent hexanes
ether 5:1), affordind.7 as a colorless oil (125 mg, 78%3}H NMR
(400 MHz, CDC¥) 6 0.86 (t, 3H,J = 7.2 Hz), 1.26-1.62 (18H),
2.17 (dtd, 2HJ = 6.8, 6.8, and 1.6 Hz), 2.25 (t, 2H,= 7.6 Hz),
3.00 (ddd, 1HJ) = 6.4, 5.2, and 2.0 Hz), 3.29 (d, 1d= 2.0 Hz),
3.62 (s, 3H), 6.18 (dt, 1H] = 16.0 and 1.6 Hz), 7.02 (dt, 1H,=
16.0 and 6.8 Hz)*3C NMR (100 MHz, CDC}) 6 14.1, 22.7, 25.1,
25.7,28.1(2), 29.2(2), 31.6, 32.0, 32.9, 34.2,51.7, 58.6, 59.2, 124.
150.6, 174.4, 195.9; HRMS (FAB) calcd for;éEl330, (MH™)
325.2379, found 325.2381.

trans-12,13-Epoxy-11-oxo-9f)-octadecenoic Acid {rans-
EKODE-(E)-IIb). A solution of17 (20 mg, 0.062 mmol) in-PrOH
(1 mL) was treated with a solution of LiOH (2.7 mg, 0.11 mmol)
in H,O (0.5 mL). After the solution was stirred at room temperature
for 1 h, saturated aqueous NEl (400uL) was added, and the pH
was adjusted to 45 with 0.1 N HCI. The aqueous solution was
extracted with EtOAc. The combined organic extracts were dried

(Na;SO,) and evaporated, and the crude product was applied to a

preparative silica gel TLC plate (0.5 mm), which was eluted with
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extracted with CHOH, and the extract was filtered, purified by
preparative HPLC, and evaporated, affording a slightly yellow oil
(9 mg, 47%): 'H NMR (600 MHz, CDC}) 6 0.82 (t, 3H,J = 7.2
Hz), 1.25-1.41 (10H), 1.42-1.56 (4H), 1.66-1.72 (4H), 2.16 (dtd,
2H,J=7.2,7.2,and 1.6 Hz), 2.29 (t, 2d,= 7.2 Hz), 2.98 (ddd,
1H,J = 6.0, 4.8, and 2.0 Hz), 3.28 (d, 1d,= 2.0 Hz), 6.16 (dt,
1H,J = 15.6 and 1.6 Hz), 7.02 (dt, 1d,= 15.6 and 7.2 Hz)!3C
NMR (150 MHz, CDC}) 6 14.0, 22.5, 24.6, 25.5, 27.9, 28.9, 29.0,
31.5, 31.8, 32.7, 33.4, 58.4, 59.1, 124.0, 150.4, 176.8, 195.7 (one
C signal is apparently overlapped); UV (ethanol)sax = 232 nm;
€(Amay = 11 400 L:mol~1-cm™%; HRMS (FAB) calcd for GgHz:04
(MH) 311.2222, found 311.2230.

Acknowledgment. We are grateful for support of this work
from the National Institutes of Health through grant RO1
HL53315.

Supporting Information Available: General experimental

” procedures including HPLC and HPLC-MS conditions; preparation

'of compounds2—4, 9, 12, 13, 18—21, and 23; establishment of
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