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Abstract : A synthetic scheme starting from the reaction between the lithiated N-allyl-N-methyl-
(bisdimethylamino)phosphoramide anion and the triflate derivative of (R)-(-)- or (5)-(+)-2,3-O-isopropylideneglycerol
is described to prepare the key chiral synthon (R)-5- or (S)-5-formyl-3-valerolactone that leads to the title compounds.

Chiral functionalized y- and 5-lactones are useful intermediates in the synthesis of natural products. Many

of them are also biologically active compounds.! 5-hydroxymethyl 8-valerolactone 1, for example, is an
important synthetic building block that has been prepared by various methods in racemic and enantiomericaily

pure form.2 It has been employed as a key intermediate for the total synthesis of leucotriene LTB53 . However
the access to this enantiomerically pure 5-lactone is not always easy. We report here a novel access to the
enantiomerically pure 5-hydroxymethyl §-valerolactone, 1, and its oxidation product, S5-formyl §-valerolactone,
2, based on the consideration that these molecules can result of a coupling between the (R)-(-)- or (S)-(+)- 2,3-
O-isopropylideneglycerol triflate and an homoenolate anion equivalent :
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As previously reported, the lithiated N-allyl-N-methyl-(bisdimethylamino)phosphoramide anion 4 is an
excellent homoenolate synthetic equivalent.4 We show now that this anion 4 allows the introduction of the

propanal moiety on the chiral glyceryl backbone of § and leads, after a series of transformations, to the chiral &-
lactones 1 and 2, as depicted in Scheme 1. The treatment of N-allyl-N-methyl-(bisdimethylamino)
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a) nBuLi, THF, -50°C, 1.5h, then 5§, -50°C, 1h, 98%. b) H2804, H20, ether, pH = 2.5, 87%. ¢) AgNO3,NaOH, 5°C, 1h ; then
saturated (COOH)2, H20 to pH 3.7, 70%. d) Amberlyst 15 ; 4 R molecular sieves, 20°C, 6h, 75% ( 34-36% overall yield from
commercially available (R)- or (S)-2,3-O- isopropylideneglycerol). ) PDC (pyridinium dichromate), 4 X molecular sieves, 20°C,
2h, 60% yield in crude product (20% overall yield from commercially available (R)- or (S)-2,3-O- isopropylideneglycerol). f) H2S04

2N, ether ( 90% yield for (R,S)-6 = (R,S5)-10).
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a) PhaPC,gHy, ?, tBuOK,THF, 0°C, then 1h 20°c, 47%. b)H, , 5% Pd, 98% (11% overall yield from commercially available
(S)-(+)- 2,3-O-isopropylidencglycerol)
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a) CoHzMgBr, Et,0, 55% (SR, 6S : 5R, 6R = 85 : 15), then prep TLC and recrystallisation from n-hexane
b) Ac,0, DMAP, CH,Cl,, 90% (13% overall yield from(R)-(+)- 2,3-O-isopropylideneglycerol)
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phosphoramide 3 with n-butyllithium at -50°C during 1h 30 mn in THF gave the ambident anion 4, which upon
addition of (R)-(-)- or (S)-(+)-2,3-O-isopropylideneglycerol triflate derivative, 5, yiclded the enephosphoramide

6 (98% yield). It is worth noting that the ambident lithiated allylic anion 4 reacted only at the y-position with the

triflate § as in similar previously reported reactions with alkyl halides.5 The sensitivity of 6 towards acids can
be compared with that of enamines for the enephosphoramide function and with that of acetals for the dioxolane
protective group. With a 2N aqueous-ether solution of chlorhydric or sulfuric acid, both dioxolane and
encphosphoramide functions were hydrolysed involving a direct cyclisation of the intermediate
dihydroxyaldehyde 9 into the lactol 10.

An accurate study of the hydrolysis of 6 determinated the conditions of the chemioselective cleavage of the
nitrogen-carbon bond at pH 2.5 and led to the aldehyde 7 (87% yield). Subsequent mild oxidation (AgNO3-

NaOH)6 followed by a filtrate acidification at pH 3.7 with a saturated solution of oxalic acid and blue of
bromophenol as indicator gave the carboxylic acid 8 (70% yield). After examining several inorganic and organic
acids as releasing catalysts, we found amberlyst 15 in the presence of 4 A molecular sieves to be most effective

for the smooth deprotection of the a-diol of 8. In these conditions a simultaneous internal esterification occured

that afforded the 3-lactone 1 (45% overall yield from §) .We noted that this last compound was relatively
unstable and degraded beyond 24 h at -20°C. Immediate oxidation of the lactone 1 with Corey's procedure3 led
to the expected S-formyl d-valerolactone 2 that is also a very sensitive compound that has to be used
immediately after a rapid purification (26% overall yield in crude product from §).7

The flexibility of this method is illustrated by the synthesis of the two natural products, 5S-hexadecanolide,

12, the Vespa orientalis pheromone,8 and 6-acetoxy-5-hexadecanolide, 14, the Mosquito oviposition attractant

pheromone,la. 9 which both present the 8-valerolactone moiety in their backbone
The enantiomers of 5-hydroxymethyl &-valerolactone, (R}-1 ( [a] -32 (¢ 1.3, CHCI3), 34% overall
D
yield from (R)-(-)-2,3-O-isopropylideneglycerol ) and (§)-1 ( [Ot] -+33 (c 1.3, CHCl3), 36% overall yield

from (§)-(+)-2,3-0-isopropylideneglycerol )3 were previously obtamed in 5 steps by the enephosphoramide
method from the respectively commercially available (R)-(-)- and (S)-(+)-2,3-O-isopropylideneglycerols, as
described in scheme 1. Subsequent oxidation of respectively (R)-1 and (S5)-1 led to the expected enantiomers
(R)-2 (20% overall yield in crude product from (R)-(-)-2,3-O-isopropylideneglycerol) and (5)-2 (20% overall
yield in crude product from ($)-(+)-2,3-O-isopropylideneglycerol).?

The synthesis of the Vespa orientalis pheromone, (R)-12 ( m.p. 36-37°C [u]D = 438 (c 1.8, THF)), is
based on the reaction between the lactone (S)-2, and the Wittig reagent derived from decyl
triphenylphosphonium bromide (47% yield) followed by an hydrogenation reaction (98% yield), as depicted in
scheme 2. The overall yield of(R)-12 from (S)-(+)-2,3-0- 1sopropyhdeneglyccrol was 11% in 8 steps.The same
sequence applied to the lactone (R)-2 afforded (S)-12 (m.p. 36-37°C, [a] = -38 (c 1.8, THF)). The overall
yield of (S)-12 from (S)-(+)-2,3-O-isopropylideneglycerol was 13% in 8 steps.3dv 10

The synthesis of (5R, 6S )-6-hydroxy-5-hexadecanolide 13 was attempted from the reaction between n-
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decylmagnesium bromide and (R)-5-formyl-3-valerolactone, (R) -2, as described in scheme 3. The reaction was
entirely chemoselective on the aldehyde without attack of the lactone and gave the adduct (5R, 65 )-13, in ca. 85
: 15 ratio with diastereomer (SR, 6R )-13. Preparative TLC afforded the crude lactone (5R, 65 )-13. After
recrystallisation from n-hexane the pure lactone (5R, 65 )-13 (m.p. 67°C, [a:l ;)5:-13 (c 1.0, CHCl3)) was then
acetylated (Ac20, pyridine) and yielded the expected pheromone, (SR, 65)-6-acetoxy-5-hexadecanolide, (SR,
65)-14 (13% overall yield from (R)-(-)-2,3-O-isopropylideneglycerol ).9¢ In a similar way the same sequence

applied to (S)-5-formyl-8-valerolactone, (S) -2, led to the major diastereomer (5S, 6R )-13 ,in ca. 91 : 9 ratio
with diastereomer (55, 65 )-13.

In conclusion we have described a new and versatile method to obtain the enantiomers of 5-formy! 5-
valerolactone, 2, via the reaction between the homoenolate anion equivalent derived from N-allyl-N-methyl-
(bisdimethylamino)phosphoramide and the triflate derivative of (R)-(-)- and (S)-(+)-2,3-O-isopropylidene
glycerol. The method was illustrated by the synthesis of the enantiomers of 5-hexadecanolide, the Vespa
orientalis pheromone, and (5R, 65)-6-acetoxy-5-hexadecanolide, the major component of the oviposition
attractant pheromone Culex pipiens fatigans.
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