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Studies in Biomimetic Polyether Synthesis:
Construction of an ABCD-Ring Subunit of Etheromycin

Using Polyepoxide Cascade Cyclisations.

Ian Paterson,” Richard D. Tillyer, and Jeff B. Smaill
University Chemical Laboratory, Lensfield Road, Cambridge CB2 1EW, UK.

Abstrat.:t: The diepoxides 8 and 9 were prepared by Homer-Emmons and aldol coupling reactions
from 21 and 13, respectively. The derived B-diketones 22 and 24 were cyclised under acidic
conditions to generate the C1-C72 segment 7, which contains the ABCD rings of etheromycin.

The polyether antibiotic etheromycin (1) is characterised structurally by a complex array of six ether
rings (A-F) with a multitude of associated stereocentres.! The Cane-Celmer-Westley hypothesis? suggests that
it might arise biosynthetically from cyclisation of the polyepoxide 2, as shown in Scheme 1. We have been
mimicking this biogenetic model in the chemical synthesis3 of etheromycin and related partial structures.
Previous studies3-5 to this end have concentrated on the preparation and acid-mediated cascade cyclisations of
polyepoxide precursors to the CDE?2 and BCD3P rings, as in 3 — 4 and § — 6. We now report our results for
the formation and cyclisation of more highly functionalised diepoxides, which leads to the C;—-C22 segment 7
containing the ABCD ring system of etheromycin.

Scheme 1

By analogy with our earlier work,3P the enones 8 and 9 (Scheme 2) were chosen as potential acyclic
precursors for the ABCD rings of etheromycin, where the Cj3 ketone group is constrained by the trans double
bond from premature internal opening of the neighbouring epoxide. When required, however, the reductive
removal of this double bond and oxidation at C11 should give a p-diketoneS to trigger the cyclisation cascade.
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Two alternative procedures for this transformation emerged from studies on simpler systems, viz. (f) enone
reduction3¢ using H, and RWAI05 followed immediately by Dess-Martin’ oxidation, or (i) Swern oxidation to
the unsaturated B-diketone followed by 1,4-reduction using "Bu3SnH and catalytic (Ph3P)4Pd.8 Using the
former conditions on the model® enone 10, with a subsequent acid-promoted cyclisation step, the tricyclic
ketones!0 11a and 11b (= 60 : 40 mixture of Cy2-epimers) were obtained via 5 (P1 = DEIPS, P2 = PMB) in
56% overall yield.

1la R‘=M9;R2=H
11b R1=H;R2=MO

oPMB

Scheme 2 (a) Ha, Rb/A103, CHCl, 25 °C, 2 h; (b) Dess-Martin periodinane, CH2Clp, 25 °C, 0.5 h; (¢) 0.5 M
HCI, THF, 25 °C, 15 min,

The synthesis of the more complex enones 8 and 9 is shown in Scheme 3. In the latter case, the
etheromycin A-ring is already in place as its methyl acetal. Here, the previously reported3d acetal 12 was first
converted into the aldehyde 13, [a]®= +45.1° (¢ 1.4, CHCl3), in three steps by protecting group adjustment
and Dess-Martin oxidation. The synthesis of the diepoxide 14 from 15 relies on sequential Sharpless
asymmetric epoxidation, as described previously,32 for control of the epoxide stereochemistry. Subsequent
conversion into the aldehyde 16 was followed, in turn, by a Ba(OH)z-mediated1! Horner-Emmons reaction
with 17 to give the enone 18, [a]%’: +6.0° (¢ 1.7, CHCl3), in 59% overall yield. Using the Zn enolate3b
derived from 18, the aldol coupling with the aldehyde 13 gave an 84% yield of the enone adducts 9.
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Scheme 3 (a) EtyPrSiCl, imidazole, DMAP, DMF, 25 °C, 16 b; (b) DDQ, H20, CH2Cly, 25 °C, 3 min; (c) Dess-
Martin periodinane, CHCla, 25 °C, 0.5 h; (d) PMBOC(CCl3)=NH, cat TFOH, Et;0, 25 °C, 40 min; (¢) TBAF, THF,
25 °C, 0.5 h; (/) Ba(OH)2.8H70 (0.7 equiv), ag. THF, 25 °C, 40 min; (g) LDA, THF, -78 °C; ZnCly; 13, 1 h; () 0.5
M HCl, THF, 25 °C, 10 h; (i) PPTS, MeOH, (MeO)3CH, 25 °C, 10 b; () 17, *BuLi, THF, 0 °C; 20, -78 °C, 1 min.
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The alternative cyclisation precursor 8 has Cj as the free ketone, while the 7-OH is protected together
with the 9-OH as the acetonide. As shown in Scheme 3, this was prepared from 19 (the precursor of 12)3d
beginning with the DDQ deprotection of the PMB ether and oxidation to give the aldehyde 20, [a]%’: -2.5% (¢
1.6, CHCl3), in 86% yield. Addition3V of a B-ketophosphonate dianion (17, #BuLi) to 19 then gave the adducts
21. A Homer-Emmons coupling of 21 with the aldehyde 16, again mediated by Ba(OH)2,!! finally gave the
required enone 8 as a mixture of epimers at Cyy and Cy2.

Most of our effort was directed towards achieving a polyepoxide cyclisation from 9, since we
anticipated that the diethylisopropylsilyl (DEIPS) protecting group!2 should come off more rapidly than the
acetonide hydrolysis in 8, allowing the free 9-OH to participate in the cyclisation cascade (cf. Scheme 2).
Thus, 9 was primed for cyclisation by careful reduction of the enone double bond by Hy and Rh/AlpO3 in THF
(Scheme 4), followed by oxidation using the Dess-Martin periodinane. The resulting B-diketone 22 was not
isolated, but was treated directly with 0.5 M HC) in THF to generate the polyether sequence in 23a and the 12-
epi compound!3 23b in 30% overall yield (70 : 30 ratio). The major ketone 23a was then subjected to acetal
formation (PPTS, (MeO)3CH, MeOH), leading to the isolation of the fully cyclised compound 7, [a]’.‘)’ =
+40.0° (¢ 0.7, CHCl3), where the ABCD rings are now all in place.14 At this stage, the IH and 13C NMR
datal® for 7 matched as expected with those obtained for the simpler systems 11a and 12. The stereochemistry
in 7 was determined by the assignment of the 'H and 13C NMR spectra (COSY, HETCOR) followed by
extensive NOE experiments (supported by molecular modelling of the conformational preferences).10

23a R'=Me;R2=H
23b R'=H;R2=Me

Scheme 4 (a) Hz, RWAI;03, THF, 25 °C, 0.5 b; (b) Dess-Martin periodinane, CH,Cly, 25 °C, 0.5 b; (c) 0.5 M
HC, THF, 25 °C, 2.5 h; (d) PPTS, (MeO)3CH, MeOH, 25 °C, 8 b; (e) (COCl)2, DMSO, CH2Cly, -78 °C, 45 min;
EusN, -78 — -20°C; (f) "Bu3SnH, (Ph3P)4Pd (5 mol%), THF, 25 °C, 45 min; (g) 0.5 M HCI, THF, 25 °C, 16 h.

Less satisfactory results were obtained by starting from the acetonide-containing enone 8. In this
system, the B-diketone cyclisation substrate 24 was generated from 8 by Swern oxidation, followed by Pd(0)-
catalysed 1,4-reduction with #Bu3SnH.3P Treatment of the intermediate p-diketone 24 with 0.5 M HCl in THF
again induced a cyclisation cascade leading to the isolation of 23a and 23b after HPLC purification, which were
again converted into the ABCD ring system in 7. A lower overall yield was now obtained, presumably due to
the inefficiency of acetonide removal relative to cleavage of the DEIPS ether in 22.

Altogether this work underlines the power and utility of directed polyepoxide — polyether cascade
cyclisations in rapidly constructing the tetrahydrofuran and tetrahydropyran rings of etheromycin.13:14 Future
work in this area will address the biomimetic synthesis of the complete ABCDEEF ring system.
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Summary of results from NOE difference experiments on 7 (supported by molecular modelling):
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We have previously shown (ref 3b) that the methyl-bearing stereocentre at Cy2 can be epimerised to the natural (12R)
configuration. To assist slrucmral elucidation, the 12-epi compound 23b was also subjected to acetal formation, giving a
compound with an analogous 1H NMR spectrum to that of the fully cyclised compound 7.

At present, the C2 stereocentre in 7 corresponds to 2-epi-etheromycin, but it should be possible to epimerise this after oxidation
to the carboxylic acid at C;.
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