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A key intermediate in the synthesis of various oxylipins, the optically active (3S,57)-3-methoxymethoxyundec-5-en-1-
yne, has been obtained in 11 steps starting from propane-1,3-diol, with an overall yield of 14%.

Oxidized metabolites of fatty acid, oxylipins,! commonly
found in marine organisms,> constitute a new, rapidly grow-
ing family of natural products. The scarcity of these com-
pounds, their almost unknown biological activity and the
fact that a large part of them also belongs to the eicosanoid
family,> an important class of metabolites involved in
mammalian physiology and diseases, are leading to increas-
ing interest in their studies."*®® Engaged in this area,®*
we describe here an enantioselective synthesis of (3S,5Z2)-
3-methoxymethoxyundec-5-en-1-yne, a key intermediate
towards various oxylipins.

Since several oxylipins® share a common unit containing
Z and E double bonds as well as an allylic alcohol having
the S absolute configuration (Scheme 1), a (3S,1E,52)-3-
hydroxyundeca-1,5-dienyl organometallic would be a con-
venient reagent for their synthesis. Adding this reagent to
a cyclopropyl aldehyde should give access to constano-
lactones® and solandelactones’ or engaging it in coupling
reactions should afford polyenic oxylipins.® Such an organo-
metallic compound could be obtained by hydrometallation
of the corresponding acetylene i.e. (3S5,5Z)-undec-5-en-1-yn-
3-ol.

R' R?
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Constanolactone A: R' = OH, R = H, R = CH,
Constanolactone B: R' = H, R? = OH, R = CH,
Solandelactone A: R = H, R2 = OH, R = (CHy)3
Solandelactone B: R' = OH, R? = H, R = (CHy)3
Solandelactone E: R' = H, R2 = OH, R = CH=CHCH,
Solandelactone F: R' = OH, R? = H, R = CH=CHCH,
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Scheme 1

This optically active (S)-prop-2-ynylic alcohol has only
been described once in the literature but without details,”
in contrast to its (R)-enantiomer which was obtained after
opening a chiral glycidol,'® sugar modifications!! or from
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fore no corresponding material in J. Chem. Research (M ).

enzymatic resolution of the corresponding racemic acetate.’
We devised an alternative route based on asymmetric
reduction of ynones'> which allows for more flexibility in
the introduction of the chirality and of various substituents.
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Scheme 2 Reagents: i, CISi-Bu’Ph,, NEts, 4-(dimethylamino)-
pyridine (DMAP), CH5Cl, or dihydropyran (DHP), p-TsOH,
CH,Cl, (74-60%); ii, DMSO, (COCI),, NEts, THF (80-97%);

iii, Me3SiC=CLi, THF (95-99%); iv, Na,B;0,;, MeOH-H,0 (90%)

Several ynones bearing different protecting groups have
been prepared from propane-1,3-diol using standard chem-
istry except for the deprotection of the acetylenic function.
Carefully controlled conditions were required and sodium
borate in aqueous methanol proved to be the perfect reagent
affording 4a—c in excellent yields (Scheme 2). These ynones
were then submitted to Alpine-borane.'?” The enantiomeric
purity of the prop-2-ynylic alcohols so obtained, 5a—b, 6a—c,
was determined after converting each one to (3S,5Z)-undec-
5-en-1-yn-3-ol and comparing each optical rotation with the
value reported for the known enantiomer.”'® As shown
in Table 1, ee (enantiomeric excess) varied upon protection
or otherwise of the acetylenic and hydroxy functions (entry
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Scheme 3 Reagents: i, CICH,0CHj;, NEtPr’,, DMAP, CH,Cl,
(84%); ii, Bu”4NF, THF (98%); iii, Bu"Li, THF then Me3SiCl
(74%); iv, DMSO, (COCI),, NEts, THF (79%); v, PhsP(CgHq1") ™,
Br~, sodium hexamethyldisilazide, HMPA-THF (54%).

MOMO = methoxymethoxy
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Table 1 PG’ PG’
\m 9-BBN X
(S) (-)-0-Pinene .
O OPG 76-87% HO OPG

Entry Ynone PG’ PG solvent-conc? alcohol [o]p ee?
1 3a MesSi TBDPS? THF 0.5 M 5a +2°7 90%
2 3a Mej3Si TBDPS THF 2 M 5a +2°3 76%
3 4a H TBDPS THF 0.5 M 6a -3°7 81%
4 4a H TBDPS Neat 6a —2°3 50%
5 3b MesSi THPY THF 0.5 M 5b -13°3 36%
6 4b H TBDPS THF 0.5 M 6b —8° 21%
7 4c H H THF 0.5 M 6¢c —° —°

?Ynone concentration; “see text for ee determination; °no transformation; “TBDPS = SiBu‘Phy;
THP = tetrahydropyran-2-yl; 9-BBN = 9-borabicyclo[3.3.1]nonane.

1 vs. 3, 5 vs. 6), and upon the nature of the remote hydroxy
protecting group (entries 5-6 vs. 1-4). The striking effect}
of the remote protecting group may be due to competition
for borane coordination.

The protected pent-4-yne-1,3-diol Sa, obtained with a
reasonable optical purity,§ was further elaborated to the
required oxylipin synthon as shown in Scheme 3. Two steps
proved to be critical in this sequence: the oxidation of
the free primary alcohol 7 prone to f-elimination and the
exclusive formation of the Z double bond achieved via a
‘salt free’ Wittig reaction.® Desilylation eventually gave the
required terminal acetylene 8. since its (R)-enantiomer
has been used in the synthesis of (12R)-HETE' as well
as LTB,3*101 the present synthesis constitutes a formal
synthesis of their enantiomers, i.e. (125)-LTB4 and (125)-
HETE, the latter being present in marine organisms.>*>

Experimental

NMR spectra were recorded on a Bruker AC-250. J values are
in Hz. IR spectra were recorded on a Spectrafile IR Plus MIDAC
spectrometer. Mass spectra were measured on a Jeol D300 (70 eV)
mass spectrometer. Solvents and the usual reagents were dried and
purified by conventional methods.

Desilylation. 5-tert-Butyldiphenylsilyloxypent-1-yn-3-one 4a.—To a
solution of 3a (4.6 g, 11.27 mmol) in methanol (80 ml) was added
a 0.01 M aqueous borax solution (25 ml). After 30 min at room tem-
perature, the mixture was chilled to 0°C then treated with 10%
HCIl aqueous solution (20 ml). After methanol evaporation, the
mixture was extracted with diethyl ether (3 x 60 ml), the organic
phase was then dried and concentrated yielding a clear oil which
was purified by flash chromatography. éy 1.07 (9H, s), 2.83 (2H, t,
J 6.1), 3.22 (1H, s), 4.06 2H, t, J 6.1), 7.43 (6H, m), 7.70 (4H, m);
8¢ 19.15 (s), 26.70 (q), 48.12 (t), 59.02 (1), 78.74 (s), 81.39 (d),
127.68 (d), 129.72 (d), 133.28 (s), 135.55 (d), 185.54 (s); v/em™"
(CHCl,): 3280, 2090, 1670; m/z (%): 279 (11), 278 (63), 248 (10),
206 (100), 200 (41).

Data for (3S,5Z)-3-methoxymethoxyundec-5-en-1-yne 8 —a]p>°
—106 (¢ =0.85, CH,Cly); 8y 0.91 (3H, t, J 7), 1.25-1.45 (6H, m),
2.07 (2H, td, J 7.0, 7.0), 2.42 (1H, d, J 1.9), 2.50 91H, dd, J 6.2,
0.5), 2.53 (1H, dd, J 6.9, J 0.5), 3.41 (3H, s), 4.33 (1H, ddd, J 6.6,
6.6, 1.9), 4.61 (1H, d, J 6.7), 493 (1H, d, J 6.7), 542 (I1H, dtt,
J 10.8, 6.6, J 1.6), 5.59 (1H, dtt, J 10.8, 6.2, 1.6); 8¢ 14.02 (q), 22.50
(1), 27.41 (1), 29.16 (t), 31.45 (1), 33.52 (t), 55.59 (d), 65.22 (q), 73.49
(d), 82.31 (s), 94.09 (1), 123.58 (d), 133.22 (d). v/em™' (CHCly):
3290, 2080; m/z (%): 211 (M*+1, <1), 124 (46), 99 (100), 96

fA remote steric effect across a C—C triple bond was recently
observed in another enantioselective reduction: see ref. 12(d).

§The ees obtained are similar to the highest described for related
compounds.'?*?

(42), 91 (47), 82 (68), 68 (75), 55 (52). Found: C, 74.54; H, 10.29,
C13H2202 requires C 7428, H 10.47%.
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