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Abstract: A new chiral Wittig reagent, a [-keto-y-(S)-hydroxy-8-(R)-p-tolylsulfinyl
phosphonate, readily made from ethyl oxalate and stereoselective sulfoxide mediated reduction of
the resulting B-ketosulfoxide, was used to prepare enantiomerically pure syn and anti 1,2-diols.
This method was applied to the enantioselective synthesis of two acetogenin derivatives, (-)-
(R,R)-muricatacin and its epimer (-)-(R,S)-epi-muricatacin. © 1999 Elsevier Science Ltd. All rights reserved.

We previously reportedl a straightforward synthesis of enantiomerically pure syn and anti 1,2-diols from the
di-N-methyl-N-methoxyamide of oxalic acid 1 via the B-ketosulfoxide 2 which was stereoselectively reduced to the
corresponding B-hydroxysulfoxide. Then the Weinreb amide was converted using Grignard reagents into the
corresponding ketone 3 which can be stereoselectively reduced to enantiomerically pure syn or anti 1,2-diols. A
major drawback of this method was the very low ketone yield in the case of long chain Grignards2 (R=C2H3s,
yield between 10 to 25%).
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We report now a solution to this problem with the synthesis of the B-hydroxy-y-ketosulfoxide 10 from
diethyl oxalate via the a-keto B-sulfinyl ester 4 and the new chiral phoshonate 5 (Scheme 2). We report also the
synthesis of the carboxylic and cyano analogues 6 and 7 and the stereoselective sulfoxide mediated reduction of all
these compounds (Table I). Application to the synthesis of the natural product (-)-(R,R)-muricatacin containing a
syn (R,K)-1,2-diol unit and its epimer (-)-(R,S)-epi-muricatacin having an anti (R,S)-1,2-diol unit confirms the
absolute configurations of the 1,2-diols.

Diethyl oxalate reacts smoothly with (+)-(R)-methyl-p-tolyl sulfoxide anion” to give in 84% isolated yield
(scheme 2) the B-ketosulfoxide (R)-4. DIBAL-H reduction of (R)-4 provided the B-hydroxy sulfoxide (R,$)-8 in
high §-diastereoselectivity (85% isolated yield, d.e= 92%), showing thus that there was no significant effect of the

vicinal ester function. A similar result has been also observed with an amide function.’ The (S) configuration of C-2
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was confirmed by chemical correlation with ethyl (+)-(R) silyloxy lactate described in literature® and obtained from
8 by desulfurization with Raney Ni. [[a]p = + 30 (c=1, CHCl3) ; lit* +31 (c=2, CHCl3)]. The protected B-
hydroxysulfoxide (R,S)-9 was quantitatively transforrned into the ketophosphonate S by reaction with

methylphosphonate anion (3 eq). The Wittig reaction of § was carried out with cesium carbonate in isopropanol and

undecanal according to literature procedure5 to give the o, f—unsaturated ketone (R,S)-10 in 89% yield.
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Scrheme 2
It was also possible to prepare the keto-ester 6 in 94% yield by reaction of 9 with 7-butyl acetate enolate and

the keto-cyanide 7 in 87% yield from 9 and acetonitrile anion.

Table 1. Reduction of B-hvdroxy-y-ketosulfoxides.

f-hydroxy-y-keto- Reduction conditions Isolated yield de % syn / anti'
sulfoxide %
DIBAL-H, 1h, -78°C 847 80 10/90
10 + 1.1 eq of Yb(OTf)3 30min, 78°C 93 >95 2/98
+ 1.1 eq of Znl,, 45min, -78°C 92 94 97/3
DIBAL, 1h, -78°C 55 >95 2/98
6 + 1.1 eq of Znl, 7h, -78°C 45° 56 22/78
DIBAL, 2h, -78°C 94 >95 2/98
7 + 1.1 eq of Znl 2h, -78°C 92 20 60 / 40

1) From 'H NMR: the relative configuration was determined from the corresponding acetonides by Be NMR, 2) 12% of recovered
starting material, 3) 18% of recovered starting material; 4) 43% of recovered starting material.
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Following our previous results on the reduction of type 3 compounds,1 we investigated the
diastereoselectivity of the reduction of products 6, 7 and 10 with DIBAL-H. Reduction of 10 (Table I) gave the
anti diol 11 in 84% yield and 80% d.e. In presence of 1 eq. of Yb(OTf); the yield and diastereoselectivity increased
in favor of the anti diol, (93% yield and d.e. > 95%) while the syn diol 12 was obtained in presence of 1 eq. of Znl;
(92% yield and d.e.> 94%) in agreement with our previous results.! At this stage of the synthesis the absolute
configuration of the created chiral center during the DIBAL-H reduction was assigned by comparison with our
previous results.” After removing (Scheme 3) the protecting group in 11 and 12 with TBAF in THF and acetonide
formation with dimethoxypropane in presence of PPTS, the relative configuration of the diol-acetonides 11a and
12a was determined by 3¢ NMR.S That will be confirmed at the end of the synthesis by comparison with the
known natural product. DIBAL-H reduction of the keto ester 6 gave a high d.e. (> 95%) in favor of the anti diol
but a low yield (55%). In presence of Yb(OTf); no reduction occurred. With 1 eq of Znly, yield and
diastereoselectivity were moderate ( 45% yield and 56% de) still in favor of the anti diol. In the case of the keto
cyanide 7, DIBAL-H reduction is highly stereoselective (> 95%) giving the anti diol in high yield (94%). However

in presence of Znl, the diastereoselectivity was very low.
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(R R) muricatacin, isolated from the seeds of Annona muricata is an acetogenin derivative with some
cytotoxic activity on human tumors.” A few syntheses of this compound are already published.8 The (45,5R) epi-
muricatacin which is not contained in the natural extract has been prepared and described a few years agoA9 The
acetonides 11a and 12a are good precursors of (R,S)-epimuricatacin and (R, R)-muricatacin (Scheme 4).

Pummerer rearrangement of the acetonides 11a and 12a and reduction with LiAIH, of the resulting
intermediates gave the primary alcohols 13 and 14 in 82% and 85% overall yield. Finally Swern oxidation, Wittig
homologation with triphenyphosphonium methylacetate under standard conditions, double-bond reduction with

palladium in ethanol, and acetonide cleavage and lactonisation under acidic conditions gave (-)-(R, R)-muricatacin
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and (R, S)-epi-muricatacin in 65% and 63% yields from 13 and 14, respectively. (Scheme 4). The overall yield from
diethyl oxalate is respectively 25% and 23% for (-)(R,R) muricatacin and (R,S) epi-muricatacin which show all the

known characteristics of the known products,

82..9 3 result which confirms the configurations of the chiral centers.
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In conclusion, DIBAL-H reduction of B-hydroxy-y-ketosulfoxides is highly stereoselective although in the

case of a carboxylate group B to the carbonyl the reduction yield is rather low probably due to the enolization of the

ketone. However in presence of zinc iodide the diastereoselectivity is inverted only in the case of an alkenyl, aryl

and alkyl substituent.
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