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Abstract. A convenient and efficient route for the enantioselective synthesis
of functionalised 8-hydroxy N-acetylcysteamine thioesters is described. The
route allows the facile incorporation of vicinal "C labelling to produce
intermediates required for biosynthetic studies on a wide range of polyketide

metabolites, e.g. 6-MSA, monocerin, colletodiol and strobilurins.
© 1999 Elsevier Science Ltd. All rights reserved.

In vivo and in vitro studies to establish the exact sequence of events in the chain assembly phase of
polyketide biosynthesis require the synthesis of the putative intermediates, often in enantioenriched form and
ideally incorporating adjacent *C labels for sensitivity of detection in incorporation experiments, and in the form
of their N-acetylcysteamine (NAC) thioesters." These have been shown to be recognised and processed by the
polyketide biosynthetic enzymes.>* There are few generally applicable methods and so a range of methods have
had to be developed for their synthesis. Studies on the biosynthesis of monocerin 1* and colletodiol 2° require
the synthesis of both enantiomers of the NAC thioesters of 3-hydroxyhexanoic and 3-hydroxybutanoic acids
respectively, whereas studies on the important antifungal strobilurins, e.g. 3,° require the corresponding NAC
thioesters of 3-hydroxy-3-phenylpropanoic acid. While some of these compounds have been prepared
previously,” the routes differ widely, and are not suitable for the facile synthesis of both enantiomers or for
incorporation of vicinal *C-labelling. We now report an efficient general method for the synthesis of 8-hydroxy
NAC thioesters which fulfils the above criteria.

Me
N
OMe

" MC\\‘ 0

3
MeQ 0™ ™o (o]
CH O |
Me Q‘:OZH
1 OH
4

ulg

0040-4039/99/% - see front matter © 1999 Elsevier Science Lid. All rights reserved.
PII: S0040-4039(99)00657-7



4094

B8-Hydroxycarbonyl compounds can be prepared by directed aldol methods using chiral auxiliaries such as
Evans' oxazolidinones. The chiral boron® and titanium® enolates derived from o-substituted acetyl oxazolidinones
give high syn-selective aldol condensations. In contrast, their simple acetyl analogues give low degrees of
diastereoselectivity. This is generally seen to be a severe disadvantage and a range of methods have been
developed to improve the selectivities observed.'® However, in biosynthetic studies, when both enantiomers are
often required for incorporation studies, this lack of stereoselectivity can be used to advantage for the efficient,
cost-effective preparation of the desired biosynthetic intermediates, provided the diastereomeric aldol products are

readily separable.'’
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Reagents: (i) BuLi, MeCOCI (95%); (i) '‘BuCOCI, THF, then (iii) BuLi, THF (78%); (iv)TiCl,, ‘Pr,NEt,
DCM, -78°C, then RCHO; (v) HSCH,CH,NHCOMe 14, Me,Al (65%); (vi) LiAlH,, THF

Scheme 1

The known® acetyl oxazolidinone 6 was prepared in 95% yield from the valine-derived Evans' auxiliary §
(Scheme 1). It can also be prepared in labelled form in high yield from sodium [1,2-"C,Jacetate which can be
easily converted with pivaloyl chloride to the mixed anhydride 7, and can then be used to form the vicinally
labelled acetyl oxazolidinone.'> Reaction of the titanium enolate of 6 with ethanal, butanal and benzaldehyde gave
the aldol produéts 8 - 13 in high yields (79-94%)."* In each case, the diastereomeric pairs were produced in a ca.
2:1 ratio and could be readily separated by flash chromatography. Interestingly, the diastereotopic methylene
protons adjacent to the imide carbonyl showed a characteristic well-resolved coupling pattern for the minor
component, whereas the major component gave a less well-resolved ABX multiplet (Figure). These are
diagnostic of the stereochemistry of the aldol product as was demonstrated by conversion of the aldol products to
the corresponding homochiral 1,3-diols'* or 8-hydroxy acids®, and comparison with literature [o];, values to
confirm that, in each case, the major component has the hydroxyl group anti to the isopropy! substituent in the
oxazolidinone ring.

It has been shown that B-hydroxyacylimidazolides can be efficiently converted to the corresponding
Weinreb amide derivatives using trimethylaluminium and N, O-dimethylhydroxylamine hydrochloride.'* We were
gratified to find that similar treatment of the phenyl analogue 12 with N-acetylcysteamine 14'¢ and
trimethylaluminium allowed direct conversion to the NAC thioester 15 in 65% yield."” This obviates problems
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arising from retro-aldol cleavage on hydrolysis to give the free acid and the poor yields sometimes observed in
conversion of B-hydroxy acids to their NAC thioesters using standard carbodiimide coupling condensations.”
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Figure. Signals observed for the 2-methylene hydrogens in the 300 MHz
'H NMR spectra of (a) 10 and (b) 11, both in CDCl,

To prove further the generality of the route and its applicability to more highly functionalised B-hydroxy
thioesters, we have prepared both enantiomers, 24 and 25, of the NAC thioesters of 3-hydroxy-5-oxohexanoic
acid. This has previously been prepared in racemic form,'*'* and on incubation with purified 6-MSA synthase™
and malonyl CoA, 6-MSA production is observed.'” The enantiomers are required to study the overall
stereochemistry of the ketoreduction and elimination reactions in 6-MSA biosynthesis.”’ The synthesis is
summarised in Scheme 2. 3-Oxobutanal,. protected as the dithiane 19 was prepared in 91% yield by DIBAL-H
reduction of the ester 18.% Condensation with the enolate of 6 gave, as expected, a 2:1 mixture of the aldol
products 20 and 21, which were separated by flash chromatography. The more polar minor component 21
showed the diagnostic signals for the diastereotopic methylenc hydrogens consistent with the predicted 3R
stereochemistry for the aldol product. The diastereomers were separately converted to the protected NAC
thioesters 22 and 23 and the 5-oxo functionality was released by removal of the dithiane protection®® to give the

desired enantiomers in 3 steps from the acetyl oxazolidinone 6.
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Reagents: (i) DIBAL-H, DCM, -78°C (94%); (i) 6, TiCl, PLNEt, DCM, -78°C (71%);
(iii) HSCH,CH,NHACc 14, Me,Al (54%); (iv) Mel, CaCO,, MeCN, H,0, 40°C (86%)

Scheme 2
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