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Abstract: The pseudomonic acid C analogue 19 can be readily constructed using a
novel tandem methodology involving, as & key-step, an ene-reaction followed by a
concomitant Intramolecular Silyl-Mediated Sakursi (ISMS) cyclisation.
© 1999 Elsevier Science Ltd. All rights reserved.

Pseudomonic acid C 1, an interesting C-glycopyranoside isolated from cultures of Pseudomonas
fluorescens, belongs to the pscudomonic acid family of antibacterial agents.! These natural products possess
some remarkable biological propertics. Not only are they particularly active against Gram positive bacteria,
including Staphylococcus aureus, but they also display exceptional potency towards multiresistant
Staphylococcus aureus (MRSA) strains, a serious and growing threat in most medical centres.2 Beside its
striking pharmacological properties, pseudomonic acid C also presents a challenging structure, embodying a
tetrasubstituted pyran nucleus. The enhanced biological activity of 1, coupled with its intricate architectural
framework, spurred the interest of numerous research groups worldwide, resulting in several elegant total
synthesis of this natural product and its congeners (Figure 1).3
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Our own involvement in the pseudomonic acid family arose from the recognition that the polysubstituted
tetrahydropyran nucleus of 1 might be readily assembled by an original three-component condensation reaction
recently uncovered in our laboratory.# Our antithetic analysis of 1, which revolves around this novel
methodology, is depicted in Figure 2.

We envisioned that the Cg side-chain (Pseudomonic acid numbering) of 1 might be introduced at a late
stage in the synthesis, on the advanced ketone intermediate 2, itself originating from oxidative cleavage of the
corresponding exo-cyclic alkene 3. The key methyli.ne-tetrahydropyran 3 would then be assembled, in two
simple operations, from the readily available synthons 5, 6 and 7. Such an approach, which entails high
convergency and great flexibility, would offer a versatile and rapid access to the pseudomonic acid family and to
a variety of analogues.
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We have previously reported that tetrasubstituted tetrahydropyrans such as 10 could be readily
constructed by a novel three-component condensation between allylsilane 95 and two equivalents of aldehyde 8
(Figure 3).4 Although the yields were modest, the pyran derivatives 10 were obtained as single
diasterecisomers, possessing the 2,3-anti-2,6-syn relative stereochemistry. The transposition ~of this
methodology to the synthesis of 1 and its derivatives would require the chemoselective and sequential pairing of
two different aldehydic partners.
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Whilst initial coupling experiments between the readily available annelating agent 125 and various forms
of formaldehyde, using a range of Lewis acids, proved fruitless, we were gratified to find that Yamamoto's
aluminium reagent, MAP-H,5 smoothly and efficiently catalysed the initial ene reaction between 12 and trioxane
11, affording the homoallylic alcohol 13 in good yield (Figure 4)
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The subsequent ISMS condensation between (E)-acetal 147 and alcohol 13 was successfully achieved
using BF3.Et;0 in propionitrile.8 The exo-methylene tetrahydropyran 15 was isolated as a single
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diastereoisomer, possessing the 2,3-trans-stereochemistry. In contrast to what was anticipated, the oxidative
cleavage of the exocyclic alkene 15 proved to be unexpectedly troublesome. For example, attempted ozonolysis
of the 1,1-disubstituted olefin, under a variety of conditions, resulted in poor conversions to ketone 16.
Moreover, competitive cleavage of the conjugated enoate double bond occured as a significant side reaction.
Furthermore, the exo-methylene substituent obstinately refused to add OsO4 and no reaction was observed
under Lemieux-Johnson type conditions.? The startling lack of reactivity of the exocyclic alkene 15 towards
most oxidising agents might originate from the sterically hindering TBS protecting group.

We reasoned that a small oxidant, such as a peracid, would be able to thread its way through these bulky
substituents and eventually functionalise the resilient olefin. Therefore, substrate 15 was treated with mCPBA
in CHyCl;. We were delighted to find that chemoselective epoxidation of 15 ensued, affording the desired
oxirane in quantitative yield. Finally, addition of NalO4 in AcOH!0 generated the corresponding diol which
underwent concomittant, in-situ C-C bond cleavage, delivering the long sought-after ketone 16.

With ready access to the key-intermediate 16, we next investigated the crucial appendage of the Cg side-
chain psing the mode! alkylating agent 17 (Figure 5). Although the allylations usually proceeded in excellent
yield, the diastereoselectivity remained unacceptably low. After considerable optimisation studies, we found
that a 2:1 ratio of easily separable axial 180 and equatorial 188 isomers could be reached under carefully
controlled conditions.
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Figure 5

Finally, removal of the TBS protecting group using HF-pyridine,!! followed by stereoselective
reduction of the ketone function with lithium triethylborohydride, provided the fully functionalised model
compound 19,12 ;

In summary, we have described a rapid and efficient (7 steps, 20% overall yield) access to the
pseudomonic acid family of antibacterial agents. Our synthetic approach to model 19 involves, as a key-step, a
novel tandem ene-ISMS methodology which establishes, in a single operation, the fully functionalised core of
these natural products. Efforts are now underway to complete the total synthesis of pseudomonic acid C itself.
The results of these investigations will be reported in due course.
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The natural B-configuration of the C7-OH substituent can be established by Luche reduction of the
hydroxyketone derived from 18c.. Unfortunately, the reduction is unselective, giving a 1:1 ratio of -
and a-isomers. All new compounds were fully characterised by spectroscopic and elemental analysis.
The stereochemistry of 18c:, 18 and 7-¢pi-19 was substantiated by careful analysis of their respective
NMR spectra. In some cases, comparisons were also made with crystalline model compounds for
which X-ray analysis unambiguously confirmed their structure including relative stereochemistry.



