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Abstract—Methyl (5SR, 6SR)-5-hydroxy-6-phenyls

clenyleicosa-cis,cis,cis-8,11,14-trienoate (8), available in

two steps from arachidonic acid, undergoes oxidative deselenylation to give selectively either methyl (5SR)-5-
hydroxyeicosa-trans,trans,cis,cis-6,8,11,14-tetraenoate (5) or its cis-8 isomer (6), depending upon the reaction

conditions.

Recently there has been considerable interest in a
series of metabolites derived from arachidonic acid
called leukotrienes.! In particular, the epoxide
leukotriene A 1, has been implicated in the
biosynthesis of several “slow reacting substances”
(SRS’s),>™* important agonists in asthma and other
forms of hypersensitivity,” and the methyl ester of
epoxide 1 has been used as an intermediate in chemical
syntheses of leukotrienes C 2, ° and D 3.7 Several
total syntheses of epoxide 1 have been reported,***
and a conversion of arachidonic acid into epoxide 1,
via hydroperoxide 4, has been described.® Because of
our interest in oxidation of arachidonic acid, we
decided to develop a chemical conversion of
arachidonic acid into compounds of the leukotriene
type. We wish to report some of our early results in this
field, namely stereoselective syntheses of (+ )-methyl
5-hydroxyeicosa-trans,trans,cis,cis-6,8,11,14-tetra-
enoate 5 and its 8-cis isomer 6.
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RESULTS AND DISCUSSION

The formation of 5- and 6-membered lactones by
intramolecular phenylselenolactonization of un-
saturated carboxylic acids is known to be an efficient
reaction.’® We therefore decided to study phenyl-
selenolactonization of arachidonic acid as a method of
functionalizing selectively the 5,6-double-bond.

Treatment of arachidonic acid with phenylselen-
enyl chloride in dichloromethane at — 78° proceeded
smoothly and gave lactone 7, isolated as an oil, and
purified by chromatography on silica. The structure
shown, which was consistent with all the spectroscopic
data, was assigned by analogy with the literature
assuming a trans addition across the originally cis
double-bond. The completely selective functional-
ization of the 5,6-double bond is in accordance with
the recently reported iodolactonization of arachidonic
acid.!! The lactone 7 was then hydrolysed using
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lithium hydroxide in tetrahydrofuran-water, and the
free acid immediately esterified using diazomethane to
give ester 8 (80",), also an oil.

Oxidative removal of the phenylselenyl moiety from
ester 8 was studied using several sets of conditions, and
the results are summarized in Scheme 1.'2:'? For
example treatment of ester 8 with excess sodium
periodate in buffered (NaHCO,) aqueous methanol at
25 for 24 hr. gave an oil which showed two closely
moving spots on tic (CH,Cl,-EtOAc 9:1, R;’s 0.37,
0.32). These two products were separated by column
chromatography. and were identified as the hydroxy-
rranstrans-eicosatetraenoate 5, 60", R, 0.32, and its
cis-8 isomer 6. 159, R, 0.37. Similar results were
obtained using excess hydrogen peroxide in aqueous
methanol  sodium  bicarbonate, and with one
equivalent of m-chloroperoxybenzoic actd in
tetrahydrofuran at —78° followed by addition to
aqueous acetic acid and  treatment with di-
isopropylamine in refluxing hexane.

PhSe H OH
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The structures of the products were established
rigorously by spectroscopic methods. For the major
product, the slower moving on tlc, 'H NMR spin
decoupling (300 MHz) showed the presence of two
conjugated trans double-bonds; coupling constants of
15 Hz being observed across each double-bond. The
position of the OH group was established by the mass
spectral fragmentation of the t-butyldimethylsilyl
ether, and was shown to be adjacent to the
conjugated diene by spin-decoupling. Since 'H NMR
showed a total of four double-bonds, and two
methylene groups each flanked by two double-bonds.
the whole structure was effectively established. The ¢is
geometry was assigned to the isolated double-bonds,
since they had not been involved in any of the chemical
transformations from arachidonic acid, and was
supported by the presence of a band in the IR spectrum
at 720cm ™ !, Isolated cis double-bonds are not usually
affected by selenoxide elimination.'* The minor
product was similarly rigorously identified. In this case

HQ
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OxMe e OMe
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REACTION CONDITIONS (5): () | TOTAL. YIELD %
Nal(y,, MeOH, HO, NaHOD,, 25° & 15 75
24h
H,0, . MeOH, H,0 , NaHCO, ,25° 8 15 70
24h ;
MCPBA, THF, -78°; 9 ;10 [ 60
H,0, AcOH, 0°; %
PN, HEXANE REFWX {
H,0,. THF,HO, KOH, 25218h, 0 .80 | 60
CHyN,, Et,0 |
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Scheme 1.
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'H NMR indicated the presence of a trans double-
bond (J15Hz) adjacent to the OH group, and
conjugated with a cis double-bond (J 10.5Hz). The
cis,trans conjugated diene unit was also supported by
IR bands at 980 and 950cm ™ '.'* After our work on
these compounds was complete, a synthesis of the
cis,trans-diene 6 was reported.'® The spectroscopic
data reported for compound 6 are entirely in
agreement with our own.

Therefore under these standard conditions, the
oxidative elimination of the phenylselenyl moiety from
hydroxyselenide 8 has been accompanied by
geometrical isomerization of the cis-8 double-bond,
which is not directly involved in the selenoxide
elimination itself. No such isomerisations have been
reported in recent papers, or in recent reviews, of
selenoxide eliminations.'? However we have observed
a second example in a simpler system. Thus sequential
treatment of cis-hex-3-en-1-yl phenyl selenide 9 with
m-chloroperoxybenzoic acid, lithium di-isopropyl-
amide, and acetaldehyde at —78° followed by
addition of the reaction mixture to aqueous acetic acid
at0°, and heating under reflux in hexane containing di-
isopropylamine (Scheme 2), gave a mixture containing
trans,trans-octa-3,5-dien-2-ol 10 and trans,cis-octa-
3 5-dien-2-ol 11 in which the trans,trans-isomer 10
was the major component, 10:11 = 55:45."7

The cause of these isomerizations was not
immediately apparent. However in the second
example, if the aqueous acetic acid quench was
omitted, and the basic solution from the selenoxide
reaction with acetaldehyde, added directly to refluxing
hexane containing di-isopropylamine, no iso-
merization was observed, and the trans,cis-isomer 11
was the only product isolated (559, after chromato-
graphy). Thus isomerization had not occurred under
these strongly basic conditions (Scheme 2). To check
this point, the long-chain hydroxyselenide 8 was
treated with excess hydrogen peroxide in the presence
of four equivalents of potassium hydroxide. Under
these conditions, after re-esterification with diazo-
methane, a mixture of elimination products was
obtained, in which the 8-cis isomer 6, was the major
component, 5:6 = 20:80 (Scheme 1).

Therefore the hydroxyselenide 8 can be used to
prepare either the trans,trans-conjugated alcohol 5, or
its 8-cis isomer 6. Oxidative elimination under neutral
conditions (NaHCO,), leads to the trans,trans-isomer
5 predominantly (609, isolated yield), whereas

addition of base (KOH) reduces isomerization, and
leads to the selective formation of the trans,cis-isomer
6.

The details of the mechanism of this isomerization
were not studied. However treatment of a mixture of
hydroxyselenide 8 and the trans,cis-octa-3,5-dien-2-01
11 with sodium periodate in buffered aqueous
methanol, caused isomerization of the octadienol to its
trans,trans-isomer 10, 809 isomerization. Little
isomerization was observed if hydroxyselenide 8 was
omitted from this mixture. Possibly the side-product of
the selenoxide elimination, phenyl selenenic acid is
reversibly adding to the diene unit before being
trapped by excess oxidant or amine, and so is
responsible for the isomerization. Sulphoxide
elimination is known to be reversible, but attempts to
show that selenoxide elimination was reversible using
D-labelling were not conclusive.' 3 However this point
was not studied further.

Studies are in progress to assess the utility of the
methyl S-hydroxyeicosatetraenoates (5 and 6) as
intermediates for leukotriene synthesis.

EXPERIMENTAL

NMR spectra (300 MHz) were obtained using a Bruker
WH 300 spectrometer. UV spectra were measured on a
Perkin-Elmer 555 spectrometer, and the IR spectra on a
Perkin—Elmer 297 spectrometer. Hopkins and Williams silica
gel MFC without binder was used for column chromato-
graphy and analytical tlc was on Merck H,s4,366 Silica gel.
Solvents were purified and dried using standard procedures.
Se-containing compounds exhibited the characteristic
isotopic family in their mass spectra ["“Se(1), 7°Se(10),
"7Se(9), 78Se(27), #°Se(57), ¥2Se(11)] but only peaks due to
most abundant isotope (8°Se) are reported. Low resolution
mass spectra were obtained using chemical ionisation
techniques (methane as reagent gas), and accurate mass data
obtained using field ionization, both measured on a VG
micromass ZAB 1F spectrometer.

Phenylselenolactonization of arachidonic acid
Penylselenenyl chloride (3.29g, 17.2mmol) was added to
a stirred soln of arachidonic acid (5g, 16.4 mmol) in anhyd
CH,Cl, (30ml)under dry N, at —78". After the red solid had
dissolved, the soln was concentrated in vacuo, and the oily
residue chromatographed on silica (250 g) being eluted with
CH,Cl,, to give the lactone 7 (5.178g), a colourless oil
homogeneous by tle, R, (CH,Cl;) 0.4; v, 3010, 2960, 2940,
2860, 1740, 1600, 1580, 1235, 745, and 700cm ™!, § (CDCl;)
0.89 (3H, t, ) = 5.8 Hz, CH,CH;), 1.3 (6H, m, 3 x CH,),
1.72-2.1 (6H, m, 3 x CH,),2.35-2.9 (8 H,m, 4 x CH,), 3.28
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(1 H.m, CHSePh).4.49 (1 H,m, CHO), 6.3-6.59 (6 H, m, viny!
H), 7.29 (3 H, m, aromatic H), and 7.59 (2 H, m, aromatic H);
m/z 461 {((M + H)", 45°]] and 303 |(M + H)™ + PhSeH,
100%;]. (Found: m/z 460.1883 C,,H,,0,Se requires: M "
460.1880).

Methyl{3SR, 68R)-5-Hydroxy-6-phenylselenyleicosa-
cis,cis,cis-8,11,14-trienoate (8)

Lithium hydroxide (25ml of an 0.1 N aqueous soln) was
added to 7 (1 g, 2.17 mmol) in aqueous THF (25ml, 1:1), and
the soln stirred at 25° for 1 hr. Acidification then extraction
into C'H,Cl, (2 x 20ml), was followed by immediate
treatment of the CH,Cl, extracts with ethereal diazo-
methane. Drying (MgSO,) and concentration in vacuo gave
an oil which was chromatographed on silica to give methy!
(SSR. 6SR}  S-hydroxy-6-phenyiselenvleicosu-ciscis.cis-
8. 11, 14-trienoate 8 (860 mg), a colourless oil, homogeneous by
tic, R, (CH,Cl,) 0.24, v,,,, 3500, 3020, 2960, 2930, 2860, 1740,
1580, 1200, 745, and 700cm ™!, & (CDCl,) 089 (3H, t,
J =6Hz, CH,CH,;), 1.2-1.44 (6 H, m, 3 x CH,), 1.55-1.88
(4H.m,2 x CH,},2.06 2H, m, CH,), 2.23-2.48 (4 H, m, one
exch. with D,0. OH), 259 (1H, m). 279 (4 H. m. 2 x CH,).
3.17 (1H, m. CHOH), 3.55-3.69 (4H, m, CH; + CH),
5.26-5.57 (6 H, m, vinylic H), 7.27 (3 H, m, aromatic H), and
7.57 (2H. m, aromatic H); m/z 493 [M + H)*. 7%, ] and 317
UM + H)"-PhSeH. 100°,]. (Found: m/z 4922141
C,,H,50;5Se requires: M " 492.2142).

Oxidative elimination of phenylselenium from hydroxyselenide
(8)

(a) Using sodium periodate-sodium bicarbonate. NaHCO,
(252mg, 3mmol) in water (5ml} was added to 8 (04g,
0.81 mmol) in MeOH (40ml) at 0°, and sodium periodate
0.52g, 2.43mmol) in water (7ml) added dropwise. The
mixture was stirred at 25" for 24 hr before being diluted with
ether (20ml). and water (20ml), and the organic layer
separated, washed with water (2 x 20ml), brine (2 x 20ml),
and dried (MgSO,). Concentration in vacuo gave an oil which
was shown by tlc to consist of two major components
(CH,Cl,-EtOAc. 9:1). These two compounds were
separated by chromatography on silica. The first product off
the column was identified as (& )-merhyl 5-hydroxyeicosa-
trans,cis-.cis.cis-6.8,11,14-tetruenouate 6 (50 mg) a colourless
oit homogeneous by tic, R 0.37, v,,,,, (CS,) 3600, 3010. 2950,
2920, 2850, 1740, 1200, 980,950 and 720cm " ', /... (MeOH)
232nm (¢ 29, 600). & (CDCly) 089 (3H, 1. J = 6.5Hz
CH,CH;). 133 (6H, m. 3 x CH,)., 1.51 1.83 (5H, m,
2xCH,; +OH).2052H. m,CH,%,236 (2H.t,J = 6.25Hz,
CH,), 283 (2H, t, J = 5Hz, CH,), 296 (2H. t, ] = 5Hz
CH,).3.68 (3H,s,OCH;),4.19(1 H.m, CHOH), 54 (5H, m,
vinylicH), 5.7 (1 H,dd.J = 6, 15Hz H (6)). 6.0 (1 H, m, H(8)),
and 6.53 (1 H.dd,J = 10.5. 15Hz H(7)): m;z 334 (M + 1)*,
9%).317 (M + H)"-H,0, 100°,), 303 (M + H)" ~-CH,OH,
17%,) (Found: m/z 334.2505. C,;H,,0Q; requires: M~
334.2508). The second product off the column was identified
as (+ )-methyl S-hydroxyeicosa-trans.trans,cis,cis-6.8.11,14.-
tetraenoate 5 (150mg), a colourless oil. homogeneous by tle,
R, 0.32, v, (CS3) 3600, 3010, 2950, 2920, 2850, 1740, 1200,
985, and 720cm™ ', ... (MeOH) 230nm (s 28. 400), &
(CDCl33 091 3H. t, J = 6.25Hz, CH,CH;), 1.31 (6H, m.
3 x CH,), 1.46-18 (5H. m, 2 x CH, + OH), 2.06 (2H. m,
CH;), 236 (2H. m. CH,), 278 (2H, ¢, ] = SHz. CH,). 295
(2H. t, J = 5Hz, CH,), 3.68 (3H. s, OCH;), 4.13 (1H, m,
H(5)), 5.4 (4H. m, vinylic H), 5.6 (1 H, dd, J = 7.5, 15Hz.
H(6)), 5.68 (1 H, dt,J = 5.5 Hz, H(9)).6.04 (1 H. dd, J = 10,
15Hz H(8)).and 6.18 (1 H. dd,J = 10, 15Hz. H(7}); m/z 335
[(M+ H)".92 7and 317 (M + H)" -H,0,100°,].(Found:
334.513 (5 H;3,0; requires: M™* 334.2508).

The t-butyldimethyl silyl ether were prepared by the
method of Corey and Ventateswarln, and showed the
characteristic cleavage product in the mass spectrum at 245

M’c
corresponding to the Me3(7—7S}—v()—(‘H (CH;); CO,Me

fragement.!® Me
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(b) Using hydrogen  peroxide—sodium  bicarbonate.
NaHCQO; (84 mg, 1 mmol) in water (3ml) was added to 8
(44 mg, 0.089 mmol)in MeOH (10 ml)and 30" H,O, (1 cm*,
11.4 mmol) added dropwise. The reaction was stirred at room
temp for 18 hr, then worked up in the normal way to vield a
simitar mixture of 6 4 mg, and 5 17 mg.

(¢) Using m-chloroperoxybenzoic acid-diisopropylamine. m-
Chloroperoxybenzoic acid (18.6 mg. 0.108 mmol) in THF
(1 ml) was added to 8 (50mg. 0.108 mmol) in THF {5ml) at
— 78" under anhyd N,. The mixture was stirred for 60 min,
then warmed to 0°. AcOH (0.05ml} and water (0.05ml)
added. and the resulting suspension added to diisopropyl-
amine (21.8 mg, 0.216 mmol) in hexane (10ml) at reflux.

After S min, the reaction was cooled, then worked up in the
normal way to give 6 3mg. and § 20 mg.

(d) Using hydrogen peroxide—potassivm hydroxide. KOH
(24 mg. 0.43 mmol) was added to a stirred soln of 8 (50 mg,
0.108 mmol) in THF-water (5ml, 10:1), followed by 30°,
H,0,; (5ml, 15mmol). The mixture was stirred at 25 for 18
hr, water (10ml) added. and the mixture acidified to pH 3
using 0.1 N HCL and extracted into ether (3 x 30ml). The
ether extract was treated with excess diazomethane, dried
(MgS0O,), and concentrated in vacuo to give an oil. Column
chromatography on silica (5 g), eluting with CH,Cl,--EtOAc
(9:1) gave the 8-cis-cicosatetraenoate 6 (18 mg) and the 8-
trans-isomer 5 (4.5mg).

cis-Hex-3-en-1-vl phenyl selenide (9). Methanesulphonyl
chloride (1.26 g, 11 mmol) was added dropwise over a period
of 20 min to a soln of ¢is-hex-3-en-1-0l (1g. 10mmol) in
pyridine (40 m!). The mixture was allowed to warm to room
temp, stirred for 6 hr. then diluted with ether (30 ml) and
water (50 ml). The organic layer was separated, washed with
water (3 x 30ml), 0.5 N aq. HCI (3 x 50 ml). sat NaHCO,aq
(3 x 30ml), and brine (3 x 50ml), then dried (MgSQ,).
Concentration in racuo gave an oil which was chromato-
graphed on silica (20 g) to give cis-hex-3-en- [-yl mesylate. a
colourless oil, homogeneous by tle, R, 0.58 (CH,CL,), v,
1340, 1170, and 740cem™ ", & (CDCl;) (60 MHz) 1.0 (3H. t.
J=6Hz, CH,CH;) 1.7-28 (4 H, m., 2 x CH,), 295 (3H.s.
SO,CH,), 425 (2H. t, J=5H,. CH,0S0,CH,), and
5.0-5.8 (2 H, m, vinylic H).

cis-Hex-3-en-1-yl mesylate (892mg) in EtOH (30 ml) was
added to a colourless soln of sodium phenylselenide
(prepared by the addition of sodium borohydride (84.8 mg.
2.23mmol) to a stirred soln of diphenyl diselenide (634 mg,
2.03mmol) in anhyd EtOH (40 mi) under N, }under a dry N,
atmosphere, and the mixture stirred for 18 hr. Dilution with
ether (30ml) and water (50 ml). gave an organic phase which
was separated, washed with water (3 x 40mli). brine
(3 x 40ml). and dried (MgSO,). Concentration in rucuo and
distillation gave a yellow oil identified as cis-hex-3-¢n-1-1f
phenyl selenide 9 (834 mg). b.p. 134 136 /0.5mm Hg. v,
1590 and 740cm”', & (CDCly) 10 (3H, 1. J=6Hz
CH,CH;). 205 (2H, m, CH,), 235 (2 H. m. CH,), 293 (2 H. t.
J = 8 Hz, CH,SePh), 5.3--5.55 (2 H. m, vinylic H), 7.2 (3 H. m,
aromatic H). and 7.53 (2 H, m. aromatic H): m-z 240 (M ",
27%)and 158 (M " + H-PhSe, 50",).

Preparation of octa-3.5-dien-2-ols (16 and 11} from cis-hex-3-
en-1-yl phenyl selenide (9).

(a) Under standard conditions.!” m-Chloroperoxybenzoic
acid (180.5mg, 1.04 mmol}in THF (1 ml)was added to a soln
of cis-hex-3-en-1-yl phenyl selenide (250 mg. 1.04 mmol) in
THF at —78° under anhyd N,. After 45 min, a soln of lithium
di-isopropylamide in THF (2.3ml of a | N soln) was added,
the mixture stirred for 5 min, and a soln of freshly distilled
acetaldehyde (48.5mg. l.immol) in THF (Iml) added.
Stirring was continued for 30 min, the soln warmed to 0,
AcOH (0.2 ml) and water (0.2ml} in THF (1 ml) added. and
then the mixture added to di-isopropylamine {0.15ml,
1.05mmol) in hexane (10ml) at reflux. The mixture was
heated under reflux for 5 min, cooled, diluted with 5°,
Na,COjaq (50ml), washed with 0.1 N HClaq (3 x 30ml),
NaHCO;zaq (3 x 30mi). and brine (3 x 30m!), and then
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dried (MgSO,). Concentration in vacuo gave an oil, which
was chromatographed on silica (10g), being eluted with
CH,Cl,, to give a mixture of trans,trans- and trans,cis-octa-
3,5-dien-2-ols 10 and 11 (65 mg). These components could
not be separated by chromatography. However comparison
with the pure materials (see below) showed the ratio to be
10:11 = 55:45.

(b) Omitting acetic acid step. The procedure described in (a)
above was repeated except that the addition of aqueous
AcOH was omitted. Work-up as described above gave a
colourless oil which was purified by column chromatography
and identified as trans,cis-octa-3,5-dien-2-0l 11 (73mg), R,
0.22 (CH,Cl,)) Anax 3400 (broad), 1640, 990, 950, and
740cm™?, (CDCl;3) 1.0 3H, t, ] = 6.25Hz, CH,CH3), 1.27
(3H,d,J = 6.25Hz, CHOHCH,), 1.9 (1 H, s, exch. with D,0,
OH), 2.03-2.1 (2H, m, CH,CHj3;), 43 (1H, m, CHOH), 5.4
(1H, m, H(6)), 5.68 (1H, t, J = 15Hz H(3)), 5.93 (1H, dd,
J =105, 12Hz, H(5)), and 6.45 (1H, dd, J = 10.5, 15Hz,
H(4)), Amax (MeOH) 233nm (¢ 27, 240). (Found m/z: M™*
126.1048, CgH, ,O requires M 126.1048).

(c) Oxidative elimination of phenylselenium from
hydroxyselenide (8) in the presence of trans,cis-octa-3,5 dien-2-
ol (11). The oxidation procedure of 8 using sodium periodate-
sodium hydrogen carbonate was repeated but in the presence
of trans,cis-octa-3,5-dien-2-ol (10mg). Normal work up
procedure was used except for chromatography with CH,Cl,
only as solvent. Oxidative removal of the phenylselenyl group
had occurred to give a mixture (as above), but the recovered
dienol had isomerised (80%;) and was identified as
trans,trans-octa-3,5- dien-2-ol (6 mg), R, 0.22 (CH,Cl,), Vpmax
3400, 1650, 990, 6 (CDCl;) 1.0 (3H, t,J = 6.25Hz, CH,CHj3),
1.25(3H,d,J = 6.25Hz, CHOH CH3), 1.9 (1 H, s exch. D,0,
OH), (205-2.15 (2H, m, CH,CH,;), 438 (1 H, m, CHOH),
5.66 (1H,dd, H3),5.76 (1 H, m, He), 6.0 (1 H, t, H5),6.18 (1H,
dd, H4), /.. (MeOH) 231nm (¢ 25, 350). (Found: m/z:
M*126.1048, C4H, ,O, required: H* 126.1048).
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