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m: An enollc epoxy fatty acid, B,9-(S,S)-epoxy-5-hydroxy- 
6-dodecenolc acid, has been synthesized. This compound Is a model 
system for the biologically Important compound, hepoxllln A. The 
model epoxy fatty acid cycllzed readily to form an epoxy lactone. 
Acid-catalyzed ring opening resulted In the formation of lsomerlc 
oxadlenes which were structurally differentiated by comparison of 
their 2-D COSY NMR spectra. Thlols cleaved the epoxlde ring rapidly 
and quantitatively. 

One of the most abundant polyunsaturated, long chain fatty acids In humans and other mammals 

Is arachldonlc acid, a major component of cellular phosphollplds. Arachldonlc acid Is released 

from membrane stores by calcium-dependent phosphollpases and It may then undergo autoxldatlon2 or 

It may be enzymatically oxygenated.3’4 The 12-llpoxygenase pathway of arachldonlc acid oxidation 

eventually results In the formation of two multifunctional epoxy fatty acids, hepoxllln A(&) and 

hepoxllln B (2). These compounds have been Isolated from rat lung and rat pancreatic Islet cells 

by Pace-Asclak and coworkers and have been shown to potentlate the glucose-dependent release of 

lnsul In.’ It has been suggested that they may also be Involved ln the mobilization of calcium 

COOH 

The multifunctional epoxlde moieties present In the structures of the hepoxlllns have been 

suggested as playing very Important roles In their biological actlvltles. In order to contribute 

to the understanding of the chemistry of these functlonallzed unsaturated epoxldes of llpld origin, 

we have been investigating the stereospecific synthesis and reactivity of simpler model systems 

with the same multifunctional nature and stereochemistry. We wish to present the synthesis and 

cleavage reactions of a simple analogue of hepoxllln AI 8,9-(S,S)-epoxy-S-hydroxy-6-dodecenolc acid 

(2’. 
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The starting material for the synthesis was methyl-6-brcmo-5-oxohexanoate ($1, which was 

prepared from methyl-4-fchloroformyl)butyrate by reaction with diazanethane followed by gaseous 

Wr.” Reaction of the a-brontoketone with trlphenylphosphine in toluene produced the phosphonium 

salt ,$ which was properly constituted to couple as its yllde with an aldehyde. The latter, 2,3- 

(R, S)-epoxyhexanal (7_), was easily prepared in two steps from W- Z-hexen-l-01. The first step 

was a Sharpless asymmetric epoxldation to the 2,3-f&S)-epoxyhexan-l-01 (QJ.” The second step was 

an oxidation of the epoxy alcohol 6 with pyridinlum dichromate l3 to give 2,3-(R,S)-epoxyhexanal (2) 

in 76% yield. Carbon elongation of the epoxyaldehydez was achieved in 57% yield by reaction with 

the ylide of the phosphonlum salt z.14 The carbon elongated product kwas optically active and 

shorted a UV absorbance at 234 nm (t 11500). The 13C NMR spectrum showed an expected single 

resonance for each of the carbons. Reduction of 6 c 

tions resulted in the two diastereolsunersj. This 

disappearance of the UV absorbance at A 234 run. 
max 

wlth NaBH415 under carefully controlled condi- 

reaction could be conveniently monitored by the 

The diastereoiscomrs of compound 2 could not be separated on silica gel or alumina. due in 

part to the instabillty of? on these adsorbents. However, evidence for the presence of two 

stereoisomers In approximately equal amounts was clearly seen In the 13C NMR data. Carbons 4, 5, 

and 6 in each case exhibited two resonances. The ‘H NM? spectrum showed that the w epoxlde 

stereochemistry was maintalned (J6,g = 2.0 Hz) and that the geanetry about the double bond was 

&IXE (J6,7 = 15.6 Hz). 

COOCH3 

I 
COOCH, 

COOH --, 

Scheme 1 
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Compound ,9 is the appropriate model multifunctional epoxy fatty acid for reactivity studies. 

However, its hydrolysis to the deprotected compound was also examined. Conditions were carefully 

chosen so that the epoxfde moiety would rsntafn intact. This could be achieved by watmfng 9, rlth 

1,8-d~azabicycloC5.4.Olund~-7-ene fDBlJ) in toluenel’ followed by an appropriate aqueous work-up. 

Purification by preparative layer chromatography on silica gel gave a compound whose spectral data 

were consistent with deprotectfon but also with a structure LO containing a lactone rather than a 

carboxyl Ic acid. The ‘Ii NW data showed that the epoxfde moiety was intact in the final product 

with a multiplet at 52.82 and the doublet of doublets at 5 3.10. Loss of the methyl ester was shown 

in the ‘H NMR data by the dfsappearance of the sharp sfnglet at 63.67 ppm observed for compoundj. 

Missing from the ‘H NMR datb, hmuever9 was a peak representing the acid proton. The 13C NMR 

spectrum showed a carbonyl peak at 171.4 ppm indicative of a lactone rather than a carboxylfc acid. 

Treatment of the multifunctional epoxfde,$ in diethyl ether with aqueous acid resulted in 

the formation of isomerlc oxodlenes 1,4 and 51. A plausible mechanism for the formation of the 

oxodlenes is shown In Scheme 2. The acid-catalyzed cleavage of the epoxfde ring would result 

initially in the formation of a regfoequlvalent carbocatfon IntermedIate I.J. Loss of a proton from 

the 5- or g-carbon yield dienols which are capable of tautomerizfng in each case to the 6 -ketol 

intermedfates 1,2 and L,!. Actd-catalyzed dehydration of the latter forms the fully conjugated 

oxodlenes. 

R&R’ 
$9 * 

R=(CHt)#4, 

R’= (cH &OOCH~ 

R&R’ 
!? Scheme 2 
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Fig. 1 COSY spectrum of oxodiene 14 
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Fig. 2 COSY spectrum of oxodiene 5 
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The oxodienes 14 and 15 are very similar structurally and spectroscopically. From the 
__ . . 

spectral data obtained it was obvious that two isomeric oxodienes had been isolated. However, the 

‘ii tM and 13C NW7 were so similar that it was ivossible to differentiate between the two isomers 

from routine high-field NMR spectra. However, the use of Z-D W with correlated spectroscopy 

LCOSYl allowed differentiation between the two structures. The ‘ii CDSY spectrum for compounds 14 
__ 

and 15 including assignments are shown in Figures 1 and 2. __ 

Although oxodlenes have not been isolated yet from the various lipid peroxidation pathways in 

mamnal Ian systemsI this does not preclude their existence in natural systems as some products 

isolated from rode1 studies have correlated well with those obtained from mammalian systems.17’18 

Very recently a novel natural eicosanoid , having an ultraviolet absorbance similar to the oxodienes 

has been 1 sol ated. lg The identification of this compound has not yet been made. 

A model reaction of the synthetic multifunctional epoxide 9 with a thlol was also carried out. 

This reaction was of interest because of the analogy to leukotriene C4 LLTC41 which is enzymat- 

ically formed from LTA4 by the addition of glutathione to the epoxide function of LTA4.3 The 

reaction of 9 with n-butanethiol producedt in quantitative yield, the epoxide ring opened product 

16 (Scheme 3). This compound was identified by NMR and mass spectral data which showed loss of 

the epoxide ring and addition of a butane thiol moiety. 

& 
-\ 

COOCH, --+ COOCH, 

8 

Scheme 3 

In sununary, a model multifunctional epoxide related to hepoxilin A has been synthesized. It 

is reactive and relatively unstable. The free acid prefers to exist in the corresponding lactone 

form. Under acid catalyzed conditions, it is readily cleaved to oxodienes in high yields. It is 

quantitatively converted to its ring opened thiol derivative by reaction with thiols. 

EXPERIMNTAL SECTION 

The infrared spectra were recorded on a Beckman 20A and IBM Model 98 FTIR. The ‘ti NMR, 13C 
lMl, and COSY spectra were recorded on a Bruker WM-360 pulse Fourier transform MMR spectrometer. 
The mass spectrcemters employed were a Hewlett-Packard 5985 Gc/MS system and an AEI MS-30 high 
resolution instrument. ‘The ultraviolet data were recorded with a Cary Model 219 ultraviolet- 
visible spectrophotometer. 
Polarimeter at 25sC. 

Optical rotations were recorded on a Perkin-Elmer 141 Automated 
Toluene and dichlorcnnethane were dried and distilled over CaH2 prior to use. 

Methyl-4-(chloroformyl)butyrate (Aldrich) and tim-Z-hexen-l-01 (Aldrich) were used without 
further purification. 
OC). 

Triphenylphosphlne was recrystallized from hexane and dried in vacua (50 

135 oc. 
Preparative layer chromatography anployed EM slllca gel PF254 plates, activated for 3 h at 

Column chromatography employed pouder silica gel (60-200 mesh). 

Methyl 6-bromo-Sehexanoats 4. Methyl-4-(chlorofomyl)butyrate (3.4 gr 25.2 mm011 was added to 
a solution of diazomethane (121.6 mnol) in diethylether (400 nl) at roan temperature. After 2 h, 
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