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Abstract: Diastereoselective methylation of the ketone 5a leads to the anti-derivative 4a; the other
diastereoisomer 4b may be obtained by a deprotonation/reprotonation sequence. Each of the
methylated products may be reduced stereoselectively in either sense by appropriate choice of reagent,
providing a route to all stereoisomers of the title 2-amino-3-hydroxy-4-phenylbutanolides 10a-d.
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The synthesis of the N-terminal amino acid component 2 of the nucleoside peptide antibiotic
Nikkomycin B 1 has attracted substantial interest, and there are now several methods for the stereoselective
synthesis of this compound.! We have sought to develop a direct synthesis of this compound, which could
be easily adapted to the preparation of analogues, and we now report a short, stereoselective route to all
stereoisomers of the 2-amino-3-methyl-4-hydroxy-4-phenylbutanoic acid unit 3, isolated as the corresponding
N-protected lactones.
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Our strategy is based on direct access to protected enantiomerically pure 4-phenyl-4-0x0-2-aminobutanoic
acid 5, available from palladium-catalysed coupling of a serine derived organozinc reagent 6 with benzoyl
chloride according to our recently developed method.2 We then intended to explore the stereoselective
methylation of the ketone § to give the methylated analogues 4, followed by their stereoselective reduction.3
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Given our intention to generate the methylated derivatives 4 from ketohe 5, it was clear from literature
precedent that the potentially labile amino acid a-proton could best be protected using a bulky ester group
(we chose terz-butyl), as well as an N-protecting group that would allow removal of the acidic NH proton.4
It also seemed most efficient to incorporate this protection at an early stage, so we decided to use the novel
zinc reagent 6a. The key starting material, iodide 7a, was efficiently prepared in two steps from
commercially available Z-protected L-serine, by conversion firstly into the fert-butyl ester 8a using
conditions developed by Martinez (67% - 86%),5 followed by treatment with methyltriphenoxyphosphonium
iodide in DMF (73% - 91%).6 This latter reagent gave far superior yields of 7a to those obtained over two
steps via the tosylate (TsCl, Py) followed by pseudo-Finkelstein reaction (Nal, acetone, r.t.). Subsequent
treatment of the iodide 7a with zinc/copper couple in toluene/DMA (15:1) using our original conditions?
gave the corresponding zinc reagent 6a. Addition of benzoyl chloride and catalytic (Ph,P),PdCl, then gave
the desired ketone Sa in yields ranging from 59% to 71% on a 3 mmol scale.
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With efficient access to the critical ketone 5a, we then explored the stereoselective methylation reaction.
Initial attempts to use LDA as the base gave poor results, but we eventually established that use of LiHMDS
in THF (3.3 equiv.) under carefully controlled conditions, followed by treatment with iodomethane, gave
good yields of the methylated compounds 4a and 4b (20:1, as determined by !H NMR). The major isomer
could be isolated by flash chromatography (76%),” and its structure was confirmed by subsequent
transformation into the lactones 10a and 10b.8
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Since the stereoselectivity of this process was not in the desired sense, we investigated the possibility of
epimerisation at C-3 in ketone 4a by a deprotonation-reprotonation sequence, on the basis that use of a
sufficiently bulky proton source should give the desired ketone 4b.9 Treatment of the ketone 4a with a
substantial excess of LIHMDS (4 to 8 eq.) under similar conditions to those employed for its formation,
followed by treatment with 2,6-di-fert-butylphenol gave, at best, a 1:1 mixture of the 2 diastereoisomeric
ketones 4a and 4b. Unfortunately, substantial experimentation did not result in any improvement. 10
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Reduction of ketone 4a with L-selectride® gave, initially, a mixture of the corresponding diastereoisomeric
hydroxy esters 9a and 9b; treatment of these esters with p-toluenesulfonic acid gave the corresponding
lactones 10a and 10b (ratio 1:4, 63% overall yield). Reduction with triethylsilane in boron trifluoride
resulted in direct lactone formation. Analysis of the crude 'H NMR indicated high selectivity (40:1) in
favour of the isomer 10a, which was subsequently isolated in satisfactory yield (69%).
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The reduction of the diastereoisomeric ketone 4b was then explored. Reduction with L-selectride® gave,
after cyclisation of the intermediate hydroxy ester 9¢, a single lactone (66%) which was identified as 10c,
with no trace of the isomeric lactone 10d. This result is entirely consistent with the report in the literature
on the reduction of a closely related compound,!! and demonstrates the potential of our approach in the
synthesis of the amino acid 2. Reduction using triethylsilane in boron trifluoride gave a mixture of the two
lactones 10c and 10d (ratio 1:6, 70%).
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The stereochemical outcome of each of these ketone reduction processes appears to be controlled by the
adjacent methyl group, with a smaller influence from the remote a-centre. In the case of reduction of both
4a and 4b with L-selectride®, the Felkin-Anh model allows the results to be nicely rationalised, leading in
each case to a 3,4 anti-relationship between the substituents. In the case of reduction with triethylsilane/
boron trifluoride, delivery of hydride to an intermediate carbocation (for example, 11 derived from 4b) from
the face not shielded by the adjacent methyl group results in a 3,4 syn-relationship between the substituents.
It is also clear why the reduction of 4a with triethylsilane in boron trifluoride is more selective than the
corresponding reduction of 4b, since the effects from both stereocentres reinforce each other.
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