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Abstract

Chiral building blocks derived from-diethyl tartrate are derivatized into various chiral arachidonic acid analogs
based on a dioxane core. © 1999 Elsevier Science Ltd. All rights reserved.

1. Introduction

Polyunsaturated fatty acids such as arachidonic acid and their metabolites such as thromboxanes
or prostaglandins are of major biological importance. Several cyclic compounds have been prepared
to render available more stable analogs such as, for instance, thromboxane or rigidified arachidonic
acid mimics. New developments in this area include the study of thromboxane/prostaglandin receptor
antagonists built on a heteroaromatic ring: pyridine, furapgrrole? pyrazole? and imidazol€!, and on
a heterocyclic system: ox&$ thia-,” and aza® A few ether8 and thioether® have been tested against
lipoxygenase.

We were interested in preparing analogs that bear a formacetal ring, because the methylene acetal
function is stable toward many reagents and experimental conditions, including mildly acidic media.

It may also be a source of hydrogen or metal bonding site and then provides, with an oxacarbenium
ion intermediaté! a potential double bond mimic. Recent reports indicate that the 1,3-dioxane moiety
attracts increasing interest, for instance as a thromboxane receptor antdgonias the aglycons

of nucleoside analogs. Moreover, a methylene acetal derivative of illudin S exhibited an improved
antitumor activity**

In the course of various studies on biomolecules and their synthetic analogs, we recently described the
syntheses of chiral pinched arachidonic anal®g@sd we now report our synthetic efforts toward chiral
analogs based on a 1,3-dioxane core.

* Corresponding author. E-mail: jean-louis.gras@reso.u-3mrs.fr

0957-4166/99/$ - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
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2. Results and discussion

Our basic approach was to bridge arachidonic acid between C6 or C7 and C13 to afford analogs of
types Al and A2, and related ethers. The synthetic strategy was based on the use of 4,5-disubstituted-
1,3-dioxane chiral building blocks, conveniently derived from tartrate.

L-Diethyltartrate was efficiently transformed into dimethylenethreltethich underwent a versatile
acetolyzing cleavage to primary alcohdlor secondary alcohd.’® Each alcohol was converted to
its fluoroaryl lactic estet/ NMR analysis of the esters indicated the enantiomeric purity of the chiral
building blocks by comparison with the spectra of the corresponding mixture of the diastereomeric esters
obtained from these racemic alcohols and chiral fluoroaryl lactic acid.
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2.1. Type Al and ether analogs derived from alcchol

Oxidation of primary alcohoR to aldehyde4 had to proceed without epimerization at C4. Catalytic
oxidation using a perruthenate agent, TPAP/N#@ave good results that were not reproducible on
scaling up over 2 mmol. Swern oxidation under carefully controlled conditions (i.e. reagent formed at
—70°C and the oxidizing step run over 1 h at —30°C) gave the oily aldethydea sensitive material that
epimerized upon standing in CDLICrude aldehydd was immediately submitted to Wittig addition
with the ylid of hexyl-triphenylphosphonium bromide, under the optimal conditions that favar the
configuration of the double bond: ylid formed at —100°C at high dilution (0.05 M) and by a lithium
free base such as NaN(TMsSY Olefin 5 was thus obtained in 80% yield, pufeisomer as indicated
by the coupling constant of 11 Hz between the two olefinic protons. The same reaction was applied to
a mixture of epimergl and4’ and afforded the correspondinigreo—erythromixture of olefins5 and
5’. Separation of the two epimers allowed a clear NMR identification. This was made on the basis of the
nature of the signals of protons H4, H5, H6ax and on the coupling constant values that reflected the ax—eq
(threoisomer) or ax—axdrythro) relationships between H4—-H5 and H5-H6ax (Table 1). Reflugimg
methanol in the presence of an acidic resin removed the MOM protecting group and freed the secondary
alcohol function in6, with respect to the dioxan moiety. Again, the fluoroaryl lactic estd¥ inflicated
the enantiomeric purity of the alcohol, the relatifreeo stereochemistry of C4 and C5 being indicated
by NMR.
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Table 1
Selected coupling constants in hertz éoythro/threcisomers, measured at 200 MHz

Compound Jeas Js45 Conformation Hy, Hs Configuration

5' 8.3 9 ax, ax E
5 15 0 ax, eq T

18a 11 4.5 ax, ax E
18b 27 0 ax, eq T
21a 11.1 10.8 ax, ax E
21b 86 34 ax, eq T

Swern 0O O\/OMe ) Wittig o ~OR
0~ "“CHO 2) 1,0 k
4 5 R=CH,OMe 80% (100% Z)
6 R=H 90%

Oxidation of secondary alcoh@ to ketone7 proved more difficult than expected, probably due to
the axial position of the hydroxy group and the subsequent hydrogen bonding to the formacetal moiety.
Oxidation procedures such as, for instance, the Swern oxidation or involving a perruthenate (TPAP) or
activated PCC as reagent were inefficient. Doubly activated PDC (with both molecular sieves and acetic
anhydride¥° furnished unstable ketortdn a reasonable 66% yield. Wittig olefination of the phosphorane
derived from ethyl 4-bromobutyrate with ketoidailed under various conditions, but we were able to
add the stabilized phosphonate ylid of ethyl bromoacetate to obtairBestermixture oZ andE isomers
in low yield (17%). Attempts to homologate ketorielid not meet with more success, the addition of the
phosphonium salt formed from methoxymethyl bromide affording enol €thas the singlée isomer,
in 10% vyield. The enantiomeric excess®fand9 was not investigated. The reluctance of ketGn®e
undergo a clean Wittig addition appeared to be a consequence more of the fragility of the keto—dioxane
system having a highly labile H4 than of simple hindrance of the carbonyl function.

OMe
o Br Ph;P*CHZOMe o) (EtO)zPCHzCOOEt COOEt
nBuLl NaH DME /\//[/.
9 10% 6  PDC,ms,Ac0 7 6% 8 17% (Z/E=43/57)

Interest had been devoted to analogs in which a double bond had been replaced by a heteroatom, such
as in some ether analogs that showed biological acfiwit have shown that alcohékan be a precursor
of chiral ether analogs b@-alkylation with bromoesters. Alcohd added to ethyl bromoacetate with
the help of phase transfer agent TBAI as the catalyst to form ether ab@lagd tot-butyl bromoacetate
under the classical conditions of the Williamson ether synthesis (NaH/THF), to form ether atalog
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Table 2
Wittig additions to 5-oxo-1,3-dioxan&2

Reagent Base, Solvent Yield Z/E
- 13 R =nPent
PDC % BrPhyP[CH,]sCH NaN(TMS),, THF, 13% 2/1
I o PLPCHlsCHy | NaN(TMS), 14 R=CH,CH(OPr), 40% 372
o OAc Br'Ph;P*[CH,],CH(OiPr),NaN(TMS),, THF, 15 R=CN $2% 41/59
r (Et0),P(O)CH,CN NaH, DME, 16 R OMe 219 40/e8
o CI'Ph3P*CH,OMe tBuLi, THF, 17 parent alcohol 4.5%
OH 3
/j O COOEt  Bren,coort o~ OH BICH,COOBy /j 0 cooBu
——
k NaH, TBAI k _/\/\/ NaH, THF -
THF 0°C
10 47% 6 78%

2.2. Type A2 analogs derived from alcol3ol

Alcohol 3 is a chiral building block complementary ®in the sense that the strategy to build up
appendages to form arachidonic acid analogs is formally reversed.

Oxidation of alcohol3 with doubly activated PDC cleanly afforded ketohi2zin 90% vyield. Ketone
12 has one electron-withdrawing group less than ketérand is much more stable than this parent
compound. Ketond2 was submitted to Wittig addition with various ylids to produce precursors of
type A2 analogs (Table 2). With a C6 alkylating phosphonium salt, the reaction afforded tiefin
as aZ/E mixture, in 13% yield. With a C3 homologating agent, olefihwas obtained in 40% vyield
and, with a phosphonate agent, oleffiwas obtained in 52% yield, both as mixturesZE isomers.
Albeit encouraging, these results were plagued with poor stereochemical control. We next turned our
attention toward the addition of the ylid derived from methoxymethyl-triphenylphosphonium chloride
that led to olefinl6in 47% yield along with alcohadl7 (4.5%), the recyclable alcohol obtained by in situ
saponification of the acetate grougButyllithium must be used as the base for this reaction, since we
observed a transylidation phenomenon that led to butylidene transfer onto k@tevieenn-butyllithium
was used? In this strategy th&/E isomerism in16 was no more damaging to the synthesis since this
enol ether was hydrolyzed to homologated aldehi@le

Mild acid catalyzed hydrolysis o6 was inoperative on this oxygen rich substrate, and forced
acidic conditions partially hydrolyzed the acetate and formacetal functions. Mercuric acetate allowed
the hydrolysis ofl6 under neutral conditions to afford aldehydi® as a 1:1 mixture o&rythro (18a)
and threo (18b) diastereomers. Thtreo isomer was converted to the more stabhgthro form 18a
by treatment with DBU in an aprotic medium ¢EY), providing an entry to therythro analogs series.
Acetoxyaldehydel8ab was saponified tohreo lactol 19 under basic protic conditions, an entry now
to thethreo analogs series. Thas fusion of the rings was determined by NMR analysis that showed
only two isomers at the anomeric proton signal. This in situ eg/ax epimerization was probably driven by
the greater stability ofis bicyclic compounds having a five-membered ring avans fusion?? Finally,
reduction of lactoll9 afforded one single isomer of di@b, having thethreoarrangement as expected.
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a) Hg(OAc), CHO 18a Na2C03 ( L1A1H4 r
16 —— 4 DpsBU, Etz@
b) KI/H,0 TMeOH

0.
OAc 18b
80%
b O(J\/\ 90% 19 88% 20
CHO

Lactols usually undergo Wittig reactions with long chain alkylidene phosphofaiwitig addition of
the ylid of hexyl-triphenylphosphonium bromide appeared disappointing and afforded isomeric alcohols
2laand?21b, respectively, in 24% and 6% yields. The stereochemical assignment again was made by
NMR analysis (Table 1). Epimerization certainly occurred during the Wittig reactionthfeealdehyde
precursor of the adduct reacted much more slowly thareththro diastereomer and hence, under the
basic conditions of the Wittig addition, epimerized into #rythro isomer, thermodynamically more
stable with the two equatorial substituents. This result precluded the syntheésreménalogs by this
route but allowed the direct treatment of aldehyldeto give olefin22 as a constant 10:1 mixture of
erythrathreo diastereomers, regardless of the isomeric ratio in the aldehyde. The isomers were isolated
after saponification of aceta? to alcohols21a (87%) and21b (8%). NMR analysis determined the
configuration of the major isomeerythro 21a, and conversion to the corresponding fluoroaryl lactic
ester proved its enantiomeric purity.

o)
BrPh;P*[CH,]CH COH
g 5 3P*[CH,]s 15 \J/\ r
NaN(TMS), ——/\/\/ —
OH THF, - 90 °C 1a 24% 6% 21b
19 87% 8%

T K2C03, MeOH

0. fe) O.
( OAc _ ( OAc '/ OAC
0. - e} , + O.
CHO =N\ _
18a,b 67% 22a 10: 1 22b

Swern oxidation okrythro primary alcohol21aafforded unstable aldehy®S3 which was submitted
as such to various Wittig reactions. Addition of the ylid of carboxybutyl-triphenylphosphonium bromide
under the conditions that favor ‘olefination’ led, in that case and after direct esterification, to a 4:1
mixture of ‘C19’ ester analo@4 and 24’. The anionic ylid put in use was certainly responsible for
the occurrence of minoE isomer24’. We did not use the corresponding ester because of its known
propensity to cyclize under basic conditictisAddition of the C4 ylid derived from ethyl bromobutyrate
cleanly afforded pur@-‘18 ester analo@5 in 76% vyield from21la Mild saponification with LiOH in
THF/H>O at room temperature restored the acid polar group6pt chiral analog of arachidonic acid
transbridged between the original positions 6 and 13.
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O
21a ,/ N\ COOMe
l e O :/\/\/

0. .CHO a) BrPhyP*[CH,],COOH . 04" 1

>

¢

O\I:/\/\/ b) CH,N, rO — COOMe
34% o e, —/\/\/

= lBr‘Ph3P+[CH2]3COOEt 24:6
o — o —
4 COOE:  LiOH, THF.H,0 (\Jr\/\COOH
O =N\ 23°C, 120 SN ="\
25 76% (100% Z) 79 % 26  11% overal from L-DET

The same synthetic sequence was applietthi®o alcohol21b to afford purecis ester analo@7 and
cis acid 28. Epimerization at a single atom occurring before any racemization would be easily detected
by NMR, in both E and T series. No epimerization to the isomer was observed and we concluded that the
analog24to 28 were enantiomerically pure.

a) Swern o —
21b COOE: _LOH ( COOH
b) Br Ph;P*[CHZhCOOEt THF, H20 O _

83% (100% Z) 81 %

The strategies and synthetic sequences we described allow the preparation of chiral pinched analogs
of fatty acids based on a 1,3-dioxane core, using chiral buiding blocks derived from diethyl tartrate. The
stereochemistry of appendages on the heterocyclic ring caisloetransand an ether function can be
introduced in the analogs. Although some yields were modest, one synthesis afforded a dienic analog built
in 12 steps from.-DET with an overall yield of 11%. The synthetic chemistry herein brings new insight
to the reactivity of functionalized 1,3-dioxanes such as 5-hydroxy- and 5-oxo-1,3-dioxane derivatives
and affords intermediates having well assigned stereochemical features that might be of gereral use.

3. Experimental

Infrared spectra were recorded on a Perkin—Elmer FTIR 1605 spectrophotometeid Himel 13C
NMR spectra were recorded on an AC 200 or AMX 400 Bruker instrument, in g@€lan internal
reference for chemical shifts (7.24 and 77.1 ppm respectively) expressedges in ppm and coupling
constants in hertz. Optical rotations were measured on a Perkin—Elmer 341 polarimeter at the sodium D
line, at the designated concentration in g per ml. Chromatography was carried out on columns packed
with Merck silica gel 60 (70—-230 mesh).

(2539)-1,3:2,4-DiO-methylene threitoll, (2S39)-2-O-methoxymethyl-1,39-methylene threitol2
and (5,39-4-O-acetyl-1,30-methylene threitoB were prepared according to Dulphy et&l.
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3.1. General procedure for the Swern oxidation of alcottdsd21ato aldehydegl and23

3.1.1. (R,5R)-4-Formyl-5-methoxymethoxy-1,3-diox&n

To a solution of oxalyl chloride (147l, 1.72 mmol) in CHCIl» (0.5 ml) cooled to =70°C were
successively added DMSO (248, 3.43 mmol) in CHCI, (0.5 ml) and a solution of alcohd (255
mg, 1.43 mmol) in CHCI, (3 ml). The reaction flask was immediately transferred to a —30°C cooling
bath for 1 h then, again, cooled to —70°C before addition of triethylamine (898.15 mmol). The
mixture was allowed to reach rt, diluted with petroleum ether, then filtered through Celite. The crude
aldehyde4 (215 mg, 85% yield) was used as such in the next step. IR{CEHTL: 2846, 1742, 1245,
1183, 1152, 1109, 1049H NMR: 9.61 (1H, s), 5.23 (1H, dJ=6.3), 4.81 (1H, d,J=6.3), 4.72 (1H,
d, J=7.2), 4.62 (1H, d,J=7.2), 4.19 (1H, dJ=12.7), 4.14 (1H, dJ=2.2), 3.96 (1H, sbr), 3.75 (1H, d,
J=12.7), 3.33 (3H, s)'3C NMR: 200.1, 95.5, 93.1, 81.7, 69.7, 68.3, 55.9.

Alcohol 21a(51 mg, 0.238 mmol) was oxidized to uncharacterized crude alde2§/(49 mg).

3.2. General procedure for the PDC oxidation of alcoh®knd 3 to ketones and 12

3.2.1. (%&)-4-Hept-1-enyl-1,3-dioxan-5-oné

To a mixture of heat-activated 3A molecular sieves (140 mg) and PDC (100 mg, 0.623 mmol) was
successively added a solution of alcobdB5 mg, 0.175 mmol) in CLCl> (1 ml) and acetic anhydride
(41 pl, 0.437 mmol). The mixture was efficiently stirred for 30 min at rt. The mixture was diluted with
ether (5 ml) then filtered through a short silica gel column. Traces of pyridine and acetic acid were
eliminated by three azeotropic distillations of heptane under vacuum to afford crude sensitive’ketone
(23 mg, 66% yield). IR (CG)), cnl: 2928, 2857, 1743, 1697, 1259, 1170, 1110, 164BNMR: 5.85
(1H, dt,J=10.5, 7.6), 5.47 (1H, dd]=10.7, 7.1), 5.14 (1H, dJ=5.8), 5.02 (1H, d,)=5.8), 4.97 (1H, d,
J=7.8), 4.39 (1H, dJ=7.4), 4.28 (1H, dJ=7.3), 2.09 (2H, dd)=13.7, 6.9), 1.41-1.00 (6H, m), 0.86 (3H,
t, J=6.4).13C NMR: 204.1, 138.7, 121.3, 91.0, 79.0, 72.7, 31.4, 28.9, 28.3, 22.5, 14.0.

3.2.2. (%)-1,3-Dioxan-5-one-4-ylmethyl acetat@

Alcohol 3 (575 mg, 3.26 mmol) was oxidized to crude sensitive ketbh€509 mg, 90% yield). IR
(CCly), cmt: 2962, 2856, 1751, 1381, 1260, 1220, 1115, $54NMR: 5.15 (1H, d,J=6.2), 5.01 (1H,
d, J=6.2), 4.53-4.47 (2H, m), 4.42 (1H, d#6.6, 6.4), 4.34 (1H, s), 4.32 (1H, s), 2.07 (3H, SC
NMR: 202.9, 170.6, 91.3, 80.3, 73.1, 62.5, 20.8.

3.2.3. (8,59)-(2)-4-(Hept-1-enyl)-1,3-dioxan-5-d

Mom ether5 (50 mg) in MeOH (1 ml) was refluxed for 8 h in the presence of acidic resin Amberlyst
IR50 (5 mg). Chromatography on silica gel afford@(B9 mg, 97% yield). IR (film), cmt: 3454, 2926,
2774, 1657, 1463, 1237, 1175, 1148, 1050, 967, $8INMR: 5.64 (1H, dtJ=11.3, 7.1), 5.60 (1H, dd,
J=11.2, 7.1), 5.06 (1H, dJ=6.2), 4.79 (1H, d,J=6.2), 4.43 (1H, dJ=6.9), 4.05 (1H, dJ=11.8), 3.83
(1H, dd,J=11.8, 1.3), 3.41 (1H, d]=9.8), 2.68 (1H, dJ=11.0), 2.12-1.99 (2H, m), 1.41-1.22 (6H, m),
0.87 (3H, t,J=6.9).3C NMR: 135.1, 125.5, 94.0, 75.9, 72.1, 67.3, 31.5, 29.2, 28.2, 22.6, 14429
+58.2 (c 201073, CHCh). Anal. calcd: C, 65.97; H, 10.07. Found: C, 65.84; H, 10.11.

3.2.4. tertButyl (4S,55)-4-(hept-1-enyl)-1,3-dioxan-5-yloxy acetdte

Sodium hydride (12 mg, 0.5 mmol) was dissolved in dry THF (0.5 ml), and dry&d{6l mg, 0.334
mmol) in THF (1 ml) was added at 0°C. After stirring for 15 mirhutyl bromoacetate (86 mg, 0.4
mmol) was added and the reaction mixture was stirred for 10 min. The mixture was hydrolyzed with
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brine and extracted with Cil,>. The solvents were distilled off under vacuum and the residue was flash
chromatographed to afford ethkt (82 mg, 78% vyield). IR (film), cmt: 2926, 2856, 1752, 1660, 1206,
1177, 1111, 1032H NMR: 5.75-568 (2H, m), 5.08 (1H, d=6.2), 4.79 (1H, dJ=6.2), 4.49 (1H, dd,
J=7.2, 2.0), 4.31 (1H, dd)=12.3, 0.9), 4.12 (2H, dJ=1.4), 3.80 (1H, dd,)=12.3, 1.8), 3.35 (1H, d,
J=2.0), 3.85 (1H, dddJ=3.6, 5.0 and 6.4), 3.80-3.71 (2H, m), 3.62 (2H, dd5.0, 5.3, 10.4), 3.31
(3H, s), 2.10-2.06 (2H, m), 1.44 (9H, s), 1.41-1.23 (6H, m), 0.86 (3}4,5).1°C NMR: 169.7, 134.8,
125.3,93.2,81.6, 74.5, 74.3, 68.5, 68.2, 31.4, 29.1, 28.1, 22.5, 14.0 (4631 [+1.4 (c 15<10°3, CCly).

Anal. calcd: C, 47.19; H, 7.92. Found: C, 47.15; H, 7.94.

3.2.5. Methyl (&,5R/S)-5-formyl-1,3-dioxan-4-yl acetate3

Enoletherl6 (50 mg, 0.247 mmol) in THF (2.5 ml) and water (0.25 ml) was stirred at rt for 24 h in
the presence of mercuric acetate (237 mg, 0.742 mmol). The mixture was diluted y@tijeanl) then
with a saturated aqueous Kl solution (15 ml). After extraction witlpCH and drying over MgS@the
solvents were distilled off under vacuum and the residue was flash chromatographed to afford aldehyde
18 as a 1:1 mixture of stereomers (39 mg, 82% yield). IR (¢@m*: 2851, 1749, 1726, 1370, 1231,
1041, 797 H NMR: 18threa 10.04 (1H, dJ=3.0), 5.19 (1H, dJ=6.2), 4.80 (1H, dJ=6.3), 4.42 (1H, d,
J=11.8), 4.33-4.17 (2H, m), 4.11-4.02 (1H, m), 3.91 (1H,&d,1.9, 2.7), 2.27 (1H, sbr), 2.06 (3H, s).
18 erythra 9.66 (1H, d,J=1.7), 5.06 (1H, dJ=6.4), 4.63 (1H, dJ=6.4), 4.33-4.17 (3H, m), 4.11-4.02
(1H, m), 3.69 (1H, ddJ=11.2, 11.0), 2.98 (1H, dtd]=10.9, 6.0, 1.7), 2.08 (3H, s}3C NMR (T,E):
202.1/198.9, 170.6 (2C), 94.5/93.1, 75.6/62.5, 67.4/65.1, 64.3 (2C), 49.4/48.7, 20.7 (2C).

3.2.6. (R,59)-Tetrahydrofuro(3,4d)-1,3-dioxyn-5-0l19

Acetatel8(26 mg, 0.138 mmol) in MeOH (0.41 ml) was magnetically stirred for 5 h at rt with sodium
carbonate (7.3 mg, 0.07 mmol). The solution was diluted withCIH(5 ml) and filtered through Celite.
Chromatography afforded lactdb (18 mg, 90% yield). IR (film), cmt: 3411, 2930, 2781, 1175, 1102,
1049, 9321H NMR: 5.75 (1H, dd J=5.8, 4.2), 5.07-5.00 (1H, §=6.9), 4.72 (1H, dJ=6.5), 4.35 (1H,
d, J=11.6), 4.21-3.89 (3H, m), 3.97 (1H, 811.6), 3.47 (1H, ddJ=7.0), 2.07-1.95 (1H, m). Anomer:
5.44 (1H, ddJ=11.9, 5.9), 5.07-5.00 (1H,3=6.9), 4.66 (1H, dJ=6.5), 4.33 (1H, dJ=11.4), 4.21-3.89
(3H, m), 3.99 (1H, dJ=11.4), 3.47 (1H, ddJ=7.0), 2.07-1.95 (1H, m):*C NMR: 100.2, 92.2, 76.4,
72.9, 63.8, 46.0. Anomer: 99.9, 92.1, 75.9, 72.4, 63.7, 40.9. Anal. calcd: C, 69.67; H, 10.44. Found: C,
69.63; H, 10.45.

3.2.7. (R,55)-4,5-Dihydroxymethyl-1,3-dioxa20

Lactol 19 (15 mg, 0.1 mmol) was reduced with LiAJH11 mg, 0.3 mmol) suspended in THF (0.6
ml) at 0°C for 30 min. Excess hydride was quenched with3@;- 10H,O (11 mg) and Celite (11 mg)
by stirring for 1 h. The solution was filtered, concentrated and flash chromatographed to affaza diol
(13 mg, 88% yield). IR (film), cmt: 3580, 3450, 1095, 1064, 1025, 9361 NMR: 5.06 (1H, d,J=6.0),
4.73 (1H, d,J=6.0), 4.14-4.06 (1H, m), 4.12 (1H, &11.6), 3.90-3.66 (4H, m), 3.79 (1H, d#511.7,
3.0), 2.83 (2H, sbr), 1.75 (1H, sbi?C NMR: 94.4, 78.2, 69.8, 63.1, 60.5, 39.&]H%? -10.8 (c 61073,
CHzCly).

3.2.8. (R,5R)-4-Hydroxymethyl-5-(hept-1-enyl)-1,3-dioxaha

Acetate22ab (90 mg, 0.35 mmol) in THF:MeOH (1 ml each) was stirred withGOs (12 mg, 0.08
mmol) at rt for 2 h. The solution was filtered through silica gel and chromatographed to afford alcohol
21a(65 mg, 87% yield) along with alcoh@1b (6 mg, 8% vyield). IR (CGJ), cmL: 3602, 3494, 2851,
1261, 1171, 1134, 1074, 1032, 9381 NMR: 5.55 (1H, dtJ=11.2, 7.2), 5.08 (1H, d]=6.3), 4.90 (1H,
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ddd,J=11.3, 9.8, 1.5), 4.68 (1H, d=6.2), 3.89 (1H, dJ=11.4, 4.8), 3.67-3.42 (3H, m), 3.35 (1H, dd,
J=11.2, 11.1), 2.82 (1H, dtd]=10.8, 10.0, 5.0), 2.09-1.91 (3H, m), 1.35-1.15 (6H, m), 0.86 (3H, t,
J=6.4).13C NMR: 135.7, 123.7, 93.5, 81.0, 70.0, 63.7, 35.7, 31.5, 29.3, 27.9, 22.5, ®dp!8[-6.4 (c
20x 1073, CH,Cly). Anal. calcd: C, 67.26; H, 10.35. Found: C, 67.24; H, 10.37.

21b: IR (CCly), cmit: 3602, 3494, 2851, 1261, 1171, 1134, 1074, 1032, 83NMR: 5.82 (1H, dd,
J=11.3, 10.3), 5.55 (1H, df]=11.2, 7.2), 5.12 (1H, dJ=6.0), 4.75 (1H, dJ)=6.1), 3.90-3.81 (3H, m),
3.64 (1H, dddJ=11.7, 8.4, 3.4), 3.40 (1H, ddd=11.7, 8.6, 3.6), 2.42 (1H, db#=10.3), 2.00-1.90 (2H,
m), 1.87-1.81 (1H, m), 1.36-1.21 (6H, m), 0.86 (3H#6.6).13C NMR: 132.5, 125.5, 94.0, 79.6, 72.1,
64.0, 34.8, 31.4, 29.2, 27.5, 22.4, 13.8]$%° -5.6 (c 6x10°3, CH,Cly).

3.3. General procedure for the stereoselective Wittig olefinations

The reactions were carried out under an argon atmosphere and with efficient magnetic stirring.
Phosphonium salts were dried three times by azeotropic distillation of benzene under vacuum. The
phosphonium salt solutions (or suspension) in dry THF as well as the aldehyde in THF were carefully
degassed (®must be excluded via argon bubbling.

A 0.6 M toluene solution of sodium bis(trimethylsilyl)amide (3 equiv.) was added at 0°C to the
phosphonium salt in THF~0.2 M, 3 equiv.). The orange ylid solution was stirred at rt for 1 h, then
cooled to —100°C. The crude aldehyde in solution in THB.2 M, 1 equiv.) was slowly added before
the temperature was allowed to warm up to rt. Saturated aqueow&€INblution and water were added
and the mixture was thrice extracted withb&t The combined organic layers were washed with brine
and dried over MgS®for 5 min. Filtration over silica gel followed by column chromatography afforded
pure olefinic adducts.

3.3.1. (8,55)-(2)-4-(Hept-1-enyl)-5-methoxymethoxy-1,3-diox&ne

Aldehyde4 (53 mg, 0.3 mmol) led to olefib (58 mg, 80% yield). IR (CG)), cnmit: 2920, 2780, 1659,
1467, 1356, 1178, 1043H NMR: 5.64-5.58 (2H, m), 5.11 (1H, d=6.3), 4.81 (1H, dJ=6.3), 4.78 (1H,
d,J=7.0), 4.66 (1H, dJ=7.0), 4.50 (1H, ddJ=6.6, 1.8), 4.15 (1H, d]=12.3), 3.79 (1H, dd)=12.3, 1.5),
3.45 (1H, d,J=1.5), 3.39 (3H, s), 2.07-2.02 (2H, m), 1.40-1.18 (6H, m), 0.86 (38+4,8).13C NMR:
134.5, 125.8, 95.7, 93.4, 74.8, 71.4, 68.9, 55.7, 31.3, 29.0, 28.0, 22.4, 4B [76.1 (c 241073,
CHCI3). Anal. calcd: C, 65.60; H, 9.44. Found: C, 65.58; H, 9.41.

3.3.2. Methyl (&)-4-(hept-1-enyl)-1,3-dioxan-5-ylidenacetae

Ketone7 (23 mg, 0.116 mmol crude) led to oleféhas a mixture of diastereomers (5 mg, 17% vyield
from the alcohol). IR (CGJ), cm™t: 2974, 2860, 1725, 1659, 1376, 1217, 1151, 1118, YASNMR:
5.84-5.59 (2H, m), 5.52-5.40 (1H, m), 5.10 and 5.07 (1H}=®.1), 5.04-5.00 (1H, dbd=8.3), 4.93
and 4.82 (1H, dJ=6.1), 4.53-4.46 (1H, dbd=13.5), 4.25-4.19 (1H, d]=13.6), 3.68 and 3.67 (3H,
s), 2.25 (1H, ddJ=14.8, 7.0), 2.06-1.96 (1H, m), 1.43-1.26 (6H, m), 0.89-0.82 (3H]=#,4, 6.2).
13C NMR two isomers: 166.1/165.3, 152.9/152.2, 139.1/136.7, 124.8/123.3, 115.3, 92.7/88.3, 74.1/68.9,
68.0/66.1, 51.5, 31.6/31.5, 29.1/28.9, 28.2/27.9, 22.6/22.5, 14.1/14.0. Anal. calcd: C, 46.15; H, 7.75.
Found: C, 46.08; H, 7.82.

3.3.3. (R)-(Z,E)-4-(Hept-1-enyl)-5-methoxymethyliden-1,3-diox&ne

Ketone7 (32 mg, 0.162 mmol crude) led to olefn(3 mg, 8% yield). IR (CH), cmit: 2976, 2863,
1686, 1446, 1380, 1120, 1034, 934 NMR: 5.86 (1H, sbr), 5.67 (1H, df]=11.0, 7.3), 5.40 (1H, dd,
J=11.0, 8.0), 5.10 (1H, dJ=6.4), 4.92 (1H, dJ=8.2), 4.87 (1H, dJ=6.4), 4.84 (1H, dJ=13.0), 4.05
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(1H, d,J=12.8), 3.57 (3H, s), 2.06-1.99 (2H, m), 1.39-1.23 (6H, m), 0.89 (3Bk4,5). 1°C NMR:
143.4, 135.1, 125.6, 110.6, 93.6, 73.4, 63.5, 60.0, 31.5, 29.1, 28.0, 22.6, 14.1. Anal. calcd: C, 68.06; H,
9.28. Found: C, 67.80; H, 9.45.

3.3.4. (R)-(Z/E)-5-Hexyliden-1,3-dioxan-4-ylmethyl acetdtg

Ketone12 (102 mg, 0.59 mmol crude) led to olefit8 (16 mg, 13% vyield). IR (film), cmt: 2957,
2857, 1744, 1597, 1458, 1232, 1174, 1126, 1035, 838MR: E isomer: 5.38 (1H, t)=7.2), 5.08 (1H,
d, J=6.2), 4.85 (1H, dJ=6.2), 4.52 (1H, dJ=11.9), 4.35-4.29 (1H, m), 4.18 (1H, #11.9), 4.18 (2H,
t, J=10.4), 2.08 (3H, s), 2.06-1.89 (2H, m), 1.39-1.24 (6H, m), 0.86 (38+8G,4); Z isomer: 5.42 (1H,
t, J=7.0), 5.01 (1H, dJ=6.4), 4.89-4.84 (1H, m), 4.87 (1H, 86.4), 4.56 (1H, dJ=11.8), 4.40-4.29
(2H, m), 4.03 (1H, ddJ=11.8, 4.2), 2.08 (3H, s), 2.06-1.89 (2H, m), 1.39-1.24 (6H, m), 0.86 (3H, t,
J=6.4)13C NMR: E isomer: 171.0, 128.1, 129.7, 91.9, 75.9, 65.1, 31.4, 29.1, 26.7, 22.7, 20.9714.0;
isomer: 170.9, 129.0, 126.9, 29.0, 88.6, 71.3, 69.6, 62.0, 31.5, 29.0, 26.8, 22.5, 20.9, 14.0. Anal. calcd:
C, 68.89; H, 9.52. Found: C, 68.82; H, 9.49.

3.3.5. (%)-(Z/E)-5-(3,3-Diisopropoxypropyliden)-1,3-dioxan-4-ylmethyl acetbte

Ketonel2 (74 mg, 0.425 mmol crude) led to olefid (53 mg, 40% yield). Chromatography afforded
a sample of each isomer.

(2)-14: IR (CCly), cmi’l: 2973, 1746, 1230, 1174, 1126, 1036.NMR: 5.46 (1H, t,J=7.4), 5.01 (1H,
d,J=6.4), 4.90-4.84 (1H, m), 4.87 (1H, 86.4), 4.55 (2H, ddd)=10.4, 7.7, 4.2), 4.35 (1H, d=12.8),
4.18 (1H, d,J=12.8), 4.11 (1H, ddJ=11.9, 4.2), 3.81 (2H, sepi=6.1), 2.34-2.25 (2H, m), 2.07 (3H,
s), 1.16 (6H, dJ=6.2), 1.10 (6H, ddJ)=6.1).13C NMR: 170.9, 130.4, 124.1, 98.9, 88.5, 71.5, 69.6, 68.5
(2C), 61.9, 33.5, 23.3 (2C), 22.6, 22.4, 208]4%° +10.4 (c %1073, CCl).

(E)-14: IR (CCly), cm1: 2973, 1746, 1230, 1174, 1126, 10361 NMR: 5.39 (1H, dd,J=6.4, 6.3),
5.07 (1H, d,J=6.2), 4.83 (1H, dJ=6.2), 4.51 (2H, ddJ=5.9, 5.4), 4.40-4.30 (3H, m), 4.24 (1H, d,
J=13.4), 3.80 (2H, sepil=6.1), 2.29 (2H, ddJ=6.4, 6.34), 2.07 (3H, s), 1.15 (6H, 8+6.2), 1.10 (6H,
dd,J=6.1).13C NMR: 170.9, 131.5, 121.3, 99.2, 91.9, 88.5, 75.8, 68.4, 68.3, 65.4, 63.7, 33.4, 23.3 (2C),
22.6,22.5,21.0, 20.90{p?% +9.4 (c <1073, CCly). Anal. calcd: C, 71.39; H, 9.59. Found: C, 71.31; H,
9.55.

3.3.6. (&)-(Z/E)-5-Cyanomethylen-1,3-dioxan-4-ylmethyl acetdie

Ketone12 (60 mg, 0.345 mmol crude) led to olefi (35 mg, 52% vyield). IR (CG)), cni’t: 2954,
2854, 2224, 1740, 1642, 1371, 1229, 1175, 1124, 1038,'8#RMR: 5.35-5.32 (1H, m), 5.11 and 5.03
(1H, dd,J=6.3 and 6.4), 4.48 and 4.85 (1H, d&6.3 and 6.4), 4.60 and 4.57 (1H, d&11.7 and 11.6),
4.52-4.28 (4H, m), 2.10 and 2.09 (3H, 25)C NMR: 170.5 (2C), 154.7 (2C), 114.1 (2C), 97.3/95.7,
92.2/89.1, 74.2/ 72.5, 67.7/67.2, 62.5/61.8, 20.8 (2C).

3.3.7. (®)-(Z/E)-5-(Methoxymethylen)-1,3-dioxan-4-ylmethyl acefidie

Ketonel2 (285 mg, 1.64 mmol crude) led to olefli (150 mg, 45% yield), along with alcohal7 (13
mg, 4.5% yield).

(2)-16: IR (CCly), cmL: 2956, 2842, 1745, 1688, 1232, 1112, 1083.NMR: 5.98 (1H, sbr), 5.05
(1H, d, J=6.4), 4.86 (1H, d,)=6.4), 4.75 (1H, ddJ=12.5, 3.6), 4.50 (1H, ddJ=11.9, 8.7), 4.25 (1H,
dd, J=8.6, 3.6), 4.25 (1H, d)=11.9), 4.11 (1H, dJ=12.5), 3.60 (3H, s), 2.08 (3H, S¥¥C NMR: 171.0,
144.0, 106.9, 90.5, 71.1, 66.3, 62.8, 60.2, 2120 []p22 +10.4 (c 65¢10°3, CCly).

(E)-16: IR (CCly), cmit: 2956, 2842, 1745, 1688, 1232, 1112, 1033.NMR: 5.94 (1H, sbr), 5.09
(1H, d,J=6.4), 4.82 (1H, dJ=6.4), 4.67 (1H, dJ=13.0), 4.36 (1H, d)=4.6), 4.28 (2H, dd)=4.5, 4.4),



J.-L. Gras et al./ TetrahedromPAsymmetry10 (1999) 139-151 149

4.18 (1H, d,J=12.9), 3.60 (3H, s), 2.09 (3H, sy*C NMR: 170.9, 142.8, 108.3, 92.2, 73.1, 63.5, 62.7,

60.1, 20.9. ¥]p?? +9.4 (c 651073, CCly). Anal. calcd: C, 73.37; H, 9.64. Found: C, 73.28; H, 9.67.
Alcohol 17: IR (CCly), cnit: 3423, 2939, 2849, 1685, 1233, 1168, 1109, 162PNMR: 5.08 (1H,

d, J=6.2), 4.83 (1H, dJ=6.2), 4.71 (1H, dJ=13.0), 4.23 (1H, tJ=5.3), 4.10 (1H, dJ=12.9), 3.84 (2H,

m), 3.59 (3H, s), 2.06 (1H, sbri3C NMR: 142.6, 108.4, 92.5, 75.8, 62.9, 62.3, 60.0.

3.3.8. (R,5R)-5-(Hept-1-enyl)-1,3-dioxa-4-ylmethyl acet@ea

Aldehyde18ab (100 mg, 0.53 mmol crude) led to a 10:1 mixture of ole@2smand22b, from which
pure olefin22a was isolated (91 mg, 67% yield). IR (film), cm 2854, 1743, 1238, 1033H NMR:
5.56 (1H, dtJ=10.9, 7.4), 5.08 (1H, d]=6.4), 4.91 (1H, ddJ=10.9), 4.67 (1H, dJ=6.3), 4.22 (1H, dd,
J=12.0, 2.2), 3.98 (1H, ddi=11.8, 6.6), 3.89 (1H, dd=11.3, 4.8), 3.60 (1H, ddd=10.2, 6.6, 2.2), 3.35
(1H, t,J=11.1), 2.84 (1H, dtdJ=10.6, 10.2, 5.1), 2.06 (3H, s), 2.05-1.96 (2H, m), 1.35-1.20 (6H, m),
0.86 (3H, t,J=6.3).13C NMR: 170.9, 135.9, 123.3, 93.6, 78.5, 70.0, 64.9, 35.8, 31.5, 29.2, 27.9, 22.5,
20.9, 14.0. §]p*® -5.1 (c 121073, CH,Cly). Anal. calcd: C, 73.37; H, 9.64. Found: C, 73.28; H, 9.67.

3.3.9. Methyl 2)-6-[(4S,5R)-(2)-(5-hept-1-enyl)-1,3-dioxan-4-yllhex-5-eno&é

Crude aldehyd@3 (0.229 mmol) led to a 4:1 mixture of estet4 (35 mg, 34% yield) along with ester
24" (4 mg, 5% yield).

24: IR (film), cm™: 2927, 2854, 1739, 1457, 1366, 1132, 1025, 960NMR: 5.52 (1H, dt J=11.0,
7.4), 5.47 (1H, dtdJ=10.9, 7.4, 1.1), 5.34 (1H, dd=11.0, 8.7), 5.05 (1H, dJ=6.6), 4.82 (1H, dd,
J=10.9, 9.9), 4.70 (1H, dI=6.4), 4.08 (1H, tJ=9.1), 3.90 (1H, ddJ=11.3, 4.9), 3.64 (3H, s), 3.38 (1H,
dd, J=11.3, 11.2), 2.75 (1H, dtdl=11.0, 8.7, 4.8), 2.29 (2H, 11=7.4), 2.11 (2H, qJ=7.6), 2.0 (2H,
q, J=7.1), 1.67 (2H, quintJ)=7.6), 1.25 (6H, m), 0.85 (3H, 1]=6.5). 13C NMR: 174.2, 135.3, 133.8,
128.9, 124.1, 93.6, 76.8, 70.5, 51.7, 40.1, 33.5, 31.7, 29.5, 28.2, 27.7, 24.8, 22.7p14*8345.0 (c
1.05<10°3, CCly). Anal. calcd: C, 69.64; H, 9.74. Found: C, 69.58; H, 9.73.

24’ IR (film), cm™: 2927, 2854, 1739, 1650, 1457, 1366, 1171, 1132, 1025,"¢6BIMR: 5.67 (1H,
dt, J=15.4, 6.9), 5.50 (1H, di]=10.9, 7.4), 5.41 (1H, ddI=15.5, 6.5), 5.07 (1H, dI=6.6), 4.86 (1H, dd,
J=11.0, 9.8), 4.69 (1H, dI=6.4), 3.89 (1H, ddJ=11.3, 4.9), 3.75 (1H, ddI=9.7, 6.6), 3.64 (3H, s), 3.35
(1H, dd,J=11.2,11.2), 2.72 (1H, dtd=11.0, 8.7, 4.9), 2.27 (2H, 3=7.6), 2.06-1.98 (4H, m), 1.68 (2H,
quint, J=7.5), 1.32-1.23 (6H, m), 0.86 (3H,156.9).13C NMR: 174.0, 134.8, 132.6, 129.1, 124.3, 93.5,
81.4,70.4,51.5, 40.1, 33.4, 31.7, 31.5, 29.3, 28.0, 24.2, 22.6, 14.1.

3.3.10. EthylZ)-5-[(4S,5R)-(2)-(5-hept-1-enyl)-1,3-dioxan-4-yl]pent-4-eno&td
Crude aldehyd@3(0.238 mmol) led to estéd5 (56 mg, 76% yield) IR (film), cit: 2958, 2854, 1736,
1663, 1457, 1371, 1236, 1174, 1131, 1080, 98BNMR: 5.55-5.42 (2H, m), 5.34 (1H, dd=10.9, 8.5),
5.05 (1H, d,J=6.3), 4.83 (1H, dtdJ=9.9, 1.5), 4.71 (1H, d)=6.3), 4.19-4.09 (1H, m), 4.16-4.05 (2H,
g, J=7.1), 3.91 (1H, ddJ=11.3, 4.8), 3.38 (1H, ddJ=11.3, 10.1), 2.78 (1H, dtd]=10.6, 10.1, 4.8),
2.46-2.27 (4H, m), 2.05-1.95 (2H, m), 1.59-1.12 (6H, m), 1.23 (387,1), 0.86 (3H, 1J=6.5).3C
NMR: 172.9, 135.1, 132.3, 129.0, 123.9, 93.3, 76.6, 70.3, 60.4, 39.8, 34.0, 31.5, 29.3, 28.0, 23.8, 22.5,
14.2, 14.0. k]p?t —2.7 (c 28<10°3, CCly). Anal. calcd: C, 69.64; H, 9.74. Found: C, 69.66; H, 9.78.

3.3.11. Ethyl Z)-5-[(4S,59)-(Z2)-(5-hept-1-enyl)-1,3-dioxan-4-yl]pent-4-eno&é

Oxidation of alcohol21b to the corresponding crude aldehyde (0.187 mmol) and subsequent Wittig
reaction led to este27 (48 mg, 83% yield).

IR (film), cm™%: 2927, 2854, 1739, 1650, 1457, 1366, 1171, 1132, 1025, 960MR: 5.82 (1H,
dd,J=11.1, 10.0), 5.59 (1H, ddd=11.1, 7.3, 7.1), 5.52-5.46 (2H, m), 5.07 (1H,Jd6.2), 4.81 (1H, d,
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J=6.2), 4.56 (1H, ddJ=6.7, 6.6), 4.10 (2H, q1=7.2), 3.89 (1H, dJ=6.6), 3.88 (1H, dJ=6.0), 2.46-2.33

(5H, m), 1.93-1.86 (2H, m), 1.27-1.15 (6H, m), 1.23 (3HJ%7.2), 0.85 (3H, tJ=6.8). 13C NMR:

172.8, 132.6, 131.0, 129.0, 125.9, 93.7, 74.9, 71.7, 60.4, 37.7, 34.0, 31.5, 29.3, 27.6, 23.5, 22.5, 14.2,
14.0. [x]p?! —0.3 (c 48<10°3, CHCL). Anal. calcd: C, 69.64; H, 9.74. Found: C, 69.66; H, 9.78.

3.4. General procedure for the saponification of esters to carboxylic acids

A 0.15 M solution of the ester in THF was magnetically stirred in the presence of LiOH (2.5 equiv.,
solution 0.5 M) at rt for 9 h. A 5% solution of HCI was slowly added until pH 4-5. The mixture was
saturated with NaCl then ether extracted. After drying over magnesium sulfate, the concentrated residue
was filtered over silica gel.

3.4.1. (8,5R)-(Z,2)-5-(5-Hept-1-enyl-1,3-dioxan-4-yl)pent-4-enoic a2l

79% yield. IR (film), cm*: 3200, 2854, 1712, 1663, 1174, 1131, 1090, $8BNMR: 5.60-5.46 (2H,
m), 5.37 (1H, ddJ=11.0, 8.4), 5.06 (1H, d=6.3), 4.88 (1H, ddJ=10.7, 10.1), 4.71 (1H, d=6.3), 4.15
(1H, dd,J=9.1, 8.9), 3.92 (1H, dd]=11.3, 4.8), 3.39 (1H, ddl=11.3, 10.1), 2.77 (1H, dtd=10.1, 4.8),
2.40 (4H, sb), 2.03-1.95 (2H, m), 1.37-1.15 (6H, m), 0.86 (38£6,6).13C NMR: 178.9, 135.3, 132.0,
129.3, 123.8, 93.3, 76.6, 70.3, 39.8, 33.8, 31.5, 29.3, 28.0, 23.5, 22.5, &{b?! 2.0 (c 24x10°3,
CHCIl). Anal. calcd: C, 68.06; H, 9.28. Found: C, 68.0; H, 9.34.

3.4.2. (8,59)-(Z,2)-5-(5-Hept-1-enyl-1,3-dioxan-4-yl)pent-4-enoic a2kl

81% yield. IR (film), cnt: 3200, 2854, 1712, 1663, 1174, 1131, 1090, 98BNMR: 5.82 (1H, ddb,
J=11.0, 10.3), 5.59 (1H, ddd=11.1, 7.3), 5.51-5.37 (2H, m), 5.07 (1H,X16.2), 4.81 (1H, dJ=6.2),
4.56 (1H, ddJ=6.6, 2.8), 3.92 (1H, dd]=11.0, 2.5), 3.84 (1H, ddi=11.1, 2.2), 2.46-2.40 (1H, m), 2.40
(4H, sb), 1.96-1.86 (2H, m), 1.37-1.15 (6H, m), 0.85 (3HI=6.6). 13C NMR: 178.5, 132.6, 131.0,
129.1, 125.7, 93.6, 74.9, 71.7, 37.7, 34.0, 31.5, 29.3, 27.6, 23.4, 22.6, &%3° F0.42 (c 261073,
CHCIg). Anal. calcd: C, 68.06; H, 9.28. Found: C, 67.98; H, 9.38.
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