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Total Synthesis of
(£)-5,6-0xido-7,9-trans,11,14-cis-eicosapentaenoic
Acid, a Possible Precursor of SRSA

Sir:

Recent studies by Borgeat and Samuelsson! have shown that
arachidonic acid is metabolized by rabbit or human peripheral
polymorphonuclear leucocytes to a lipoxygenase type product,
5(S)-hydroxy-6,8,11,15-eicosatetraenoic acid, and to another
substance demonstrated to be 5(S),12(R)-dihydroxy-
6,8,10,14-eicosatetraenoic acid (1 or double-bond stereoiso-
mer). It was also found that 1 was formed from a labile pre-
cursor which could not be isolated but which could be inter-
cepted chemically in various ways, For example, by quenching
with methanol a mixture of products results which consists
principally of the 12(R)- and 12(S)-methyl ethers of 5(S),-
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12-dihydroxy-6,8,10,14-¢eicosatetraenoic acid.?2 During an
informal discussion of the early results of this project with
Professor Samuelsson in March of 1977, one of us proposed
that the unstable precursor of 1 could be 5(S5),6-oxido-
7,9,11,14-eicosapentaenoic acid (2 or A-7,9 stereoisomer)
which might arise from the lipoxygenase-like intermediate
5(8)-hydroperoxy-6-rrans,8,11,14-cis-eicosatetraenoic acid
(3) by a pathway that has straightforward mechanistic prec-
edent.®* To test the correctness of this surmise, the synthesis
of 2 and the A-7,9 stereoisomers has been undertaken. The
synthesis of 2 has now been accomplished by the route de-
scribed herein.’ Very recently, Samuelsson and collaborators
have proposed that the structure of the “slow-reacting sub-
stance of anaphylaxis” (SRSA)%-2 involves the linkage of the
sulfur of cysteine and C-5 of 5,6-0xido-7,9,11,14-eicosapen-
taenoic acid as exemplified by 4 (or A-7,9 stereoisomer), or
a larger molecule having one or more additional amino acid
units attached to cysteine.? Since there is abundant evidence
which implicates SRSA in asthma and other diseases of the
respiratory system (especially those involving hypersensitivity),
the chemical synthesis of epoxy tetraene 2 and the A-7,9 ste-
reoisomers assumes added significance and value for an ulti-
mate proof of detailed structure.

The mono-tert-butyldimethylsilyl ether (5)!° of trans-
2,4-hexadiene-1,6-diol!! was converted into the aldehyde 6
(70% yield) by oxidation with 1.1 equiv or pyridinium di-
chromate!2 in methylene chloride at 25 °C for 4.5 h.!3 The
phosphonium salt 9, mp 89-90 °C, was prepared by the se-
quence (1) reaction of amylmagnesium bromide and cuprous
bromide-dimethyl sulfide complex in ether with excess acet-
ylene followed by treatment of the adduct with 1-lithio-1-
pentyne and hexamethylphosphoric amide (to form the mixed
Gilman reagent) at —70 °C and subsequent exposure to excess
cthylene oxide at —78 to —20 °C over | h to give, after
quenching with aqueous ammonium chloride-ammonia buffer
and extractive isolation, cis-3-nonen-1-ol (7);!4 (2) reaction
of 7 with p-toluenesulfonyl chloride (1.3 equiv) and pyridine
(4 equiv) at 0 °C for 9 h to form tosylate 8 (76%); (3) dis-
placement of tosylate by iodide using sodium iodide in acetone
at 25 °C for 16 h (90%); and (4) reaction of the iodide with
triphenylphosphine in benzene at reflux for 18 h to afford 9
(83%).

The phosphonium iodide 9 was converted into the corre-
sponding ylide by reaction in tetrahydrofuran at —78 °C for
10 min with a-butyllithium (1 equiv) and then treated se-
quentially and without delay with 16 equiv of hexamethyl-
phosphoric amide and the aldehyde 6 (1 equiv). After stirring
at =78 °C for 10 min, the reaction mixture was brought
gradually to 0 °C, stirred at that temperature for an additional
30 min, and quenched with pH 7 phosphate buffer. Extractive
isolation afforded the tetraene ether 10 which was cleaved with
tetra-n-butylammonium fluoride (1.05 equiv)'© in tetrahy-
drofuran at 0 °C for 30 min to give, after chromatographic
purification on silica gel, the hydroxy tetraene 11 (90% overall
yield from 6 and 9). The tetraene ether 10 showed ultraviolet
Amax (ethanol) at 263, 271.5, and 283 nm (¢ 38 400, 49 100,
36 600).

The hydroxy tetraene 11 was converted into the epoxy ester
by the following procedure. A solution of 11 in tetrahydrofuran
at —25 °C was treated with 1.25 equiv of triethylamine and
1.2 equiv of methanesulfonyl chloride with stirring for 1 h to
form the mesylate 12 and this solution was treated with 20
equiv of dimethyl sulfide, first at —20 °C and then at 0 °C for
18 h. The resulting solution of sulfonium salt 13 was then
cooled to —78 °C and treated dropwise with a tetrahydrofuran
solution of lithium diisopropylamide (~1.5 equiv) until a dark
color persisted, at which point an additional 1.2 equiv of lithium
diisopropylamide was added followed after 30 s by 2 equiv of
methyl 4-formylbutyrate.!3 After stirring at =78 °C for 15 min

© 1979 American Chemical Society



Communications to the Ediror

and —78 to 0 °C for 2 h, the reaction mixture was quenched
by the addition of water, concentrated in vacuo to remove
tetrahydrofuran and extracted with hexane containing a few
drops of triethylamine.!¢ The crude product was isolated by
drying over sodium sulfate and removal of solvent in vacuo and
then rapidly chromatographed on basic alumina (activity V)
using ether-hexane (2:3) containing a little triethylamine to
afford in 35% yield pure epoxy ester 14, Ry 0.48 (triethyl-
amine-treated silica gel plate with ether-hexane, 1:1): ultra-

violet Amax (methanol) 269, 278, 287 nm (e 30 500, 40 000,

34 400). Since the epoxy ester 14 is both air and acid sensitive,
it was stored at —78 °C under argon in frozen benzene con-
taining a small amount of triethylamine and 4-hydroxy-
2,2,6,6-tetramethylpiperidinooxy free radical!” as stabilizers.!®
The 'H NMR spectrum of 14 indicates that the synthetic
product consists of approximately equal amounts of 5,6-cis and
5,6-trans epoxides. Saponification of 14 with cold aqueous base
under argon produced solutions of the salt of 2, which could
be reconverted into 14 with dimethyl sulfate.

The methyl ester 14, when treated with methanol, undergoes
rapid solvolysis to form approximately the same mixture of
methyl ethers as are observed to form when the unstable bio-
synthetic precursor of 1 in neutrophils is quenched with
methanol and esterified with diazomethane (comparison by
gas chromatography-mass spectrometry).!? In addition a
similar mixture of the methyl esters of 1 and its isomers re-
sulted from nonenzymic, acid-catalyzed hydrolysis of synthetic
14 and the natural unstable intermediate from neutrophils
(after treatment with diazomethane).!®

The ready availability of 2 and its methyl ester 14 by a
simple synthesis opens the way for a host of interesting bio-
logical experiments. We are currently studying the large-scale
synthesis of SRSA and related compounds and, in addition,
other synthetic routes to the eicosanoid 14 and its A-7,9 ste-
reoisomers.2? |t now appears that proof of the detailed struc-
ture of SRSA is most likely to be obtained by a comparison of
synthetic and naturally derived compounds.?!
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Contribution of Tunneling to Relative Reactivity
in an Elimination Reaction!
Sir:

We have found that tunneling can make different contri-
butions to the rates of proton removal from different sites in
the same molecule.

The influence of tunneling on the magnitude and the tem-
perature dependence of kinetic hydrogen isotope effects has
been explored by numerous workers,2-4 but the possible con-
tribution of tunneling to relative reactivities has to our
knowledge not been discussed. It is evident, however, that two
reactions with different tunnel corrections to their isotope ef-
fects must also have different tunnel corrections to the reaction
rates for the light isotopic species.

We determined isotope effects as a function of temperature
by careful GLC measurement of 1-ene:2-ene ratios for the E2
reaction of 1-3 (ONs = p-nitrobenzenesulfonate) with sodium

(CH;) 2CHCHCH, (CH3) CDCHCH 3 (CH3) CHCHCD;

ONs ONs ONs
1 2 3

cthoxide in ethanol (10~60 °C) and potassium rerr-butoxide
in tert-butyl alcohol (20-70 °C). The isotope effect on for-
mation of l-ene is then given by ky/kp = (I-ene:2-ene)y/
(1-ene:2-ene)3, and similarly for the isotope effect on formation
of 2-ene. The rate of elimination into the undeuterated branch
is taken to be unaffected by deuterium in the other branch, an
assumption that is probably good to within a few percent. The
results are corrected for the small amount of solvolysis that
occurs in ethanol and for the incomplete deuteration (2.88
atoms D) of 3. 2 was >99% deuterated.

Linear regression fits to the Arrhenius equation give the
apparent Arrhenius parameters A,/ A.p and E,p — E,n for
the reactions yielding 1-ene and 2-ene. From these parameters,
the tunnel corrections @y and Qp can be evaluated by means
of equations derived on the assumption that the first term of
the Bell equation suffices to describe the tunneling behavior
of the system.® The computer program used for this purpose
is described in more detail elsewhere.® It is based on essentially
the same principles as the program of Caldin and Mateo.?

From the tunnel corrections the semiclassical values of
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