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STUDIES IN POLYETHER SYNTHESIS USING POLYEPOXIDE CYCLISATIONS.
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Cambridge CB2 1EW, U.K.

Summary: The acid-catalysed directed cyclisation of mono-, di-, and triepoxy t-butyl ester derivatives is used for the
asymmetric synthesis of various polyether-type fragments including a Cy3-Cp7 fragment of etheromycin. The epoxide
stereochemistry is set up by Sharpless epoxidation of allylic and homoallylic alcohols.

The polyene — polyepoxide — polyether hypothesis! for the formation of the characteristic cyclic ether skeleton
of the polyether antibiotics is important from a synthetic as well as biosynthetic standpoint. The directed cyclisation of a
suitably constructed triepoxide to give a complex multiple ring system, c.f. 1 — etheromycinZ, is an intriguing idea.
Recent work by Still3 and Schreiber# on the biomimetic synthesis of monensin B has focused on introducing the epoxide
units in a single step by epoxidation of macrolide dienes and trienes followed by lactone hydrolysis and cyclisation to
polyether fragments. While this work convincingly demonstrates the efficiency of the cyclisation process, the relative
stereochemistry of only two of the three epoxides required was established by this macrocyclic stereocontrol approach.
An alternative enantioselective approach to control of the critical epoxide stereochemistry relies on the Sharpless
asymmetric epoxidation of allylicS and homoallylicS alcohols. Although the epoxides are now introduced stepwise, there
is greater flexibility for controlling stereochemistry by choice of reagent chirality. We now demonstrate’ this approach by
the synthesis and cyclisation of mono-, di-, and triepoxy t-butyl ester derivatives to give various polyether-type
fragments in enantiomerically pure form including tricyclic compound 2, which contains the etheromycin CDE rings.
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Our preliminary studies were made on mono- and diepoxy t-butyl esters (Scheme I). The unsaturated
monoepoxide § was first prepared in 92% ee from 3, the SeQ; allylic oxidation8 product of geranyl acetate. Asymmetric
epoxidation of 3 by the improved catalytic>® Sharpless procedure was followed by conversion to the iodide 4 (60%
overall). The epoxyiodide was then chain extended, 4 — 5, by reaction? with the lithium enolate of t-butylacetate (THF-
HMPA, -78°C, 30 min; 97%). The t-butyl ester group proved to be a good internal nucleophile for epoxide opening
under a range of acidic conditions. For instance, brief exposure of § to HCI (1.2 eq) in MeOH (0°C, 10 min) gave
lactone 6 in 81% isolated yield, which on longer contact with acid cyclised further to give 7 (3:1 diastereomeric mixture
at the allylic chiral centre). By using the appropriate tartrate enantiomer, 5 could be epoxidised with 20:1
diastereoselectivity to give either 8 or 9 in enantiomerically pure form.10 These diepoxides were then each cyclised by
acid (CSA, CHxClp, 0°C, 5 min) to the corresponding 1,2-diols, 8 =10 (76%) and 9 —11 (70%), in which 10
represents a bicyclic portion of a large number of natural polyethers.!-2b Analogous cyclisation of 8 with CSA in acetone
gave the corresponding acetonide derivative of 10 (70%). Product analysis (3C-NMR and HPLC) indicated that these
cyclisations were stereospecific with no other isomers evident.!l When the partially cyclised compound 6 was
epoxidised under stoichiometric conditions, in situ cyclisation by the Ti(OPr')4 took place to give 10 directly (59% at
50% conversion).
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Scheme 1. Mono- and diepoxide synthesis and cyclisations: (@) (D)-DMT, Ti(OPr)4, BBuOOH, 3A sieves
CHCl, -23°C, 12 h; Me3S; (b) TsCl, EtsN, DMAP, CH,Cly, 20°C, 18 h; (c) Nal, Me2CO, 20°C, 30 h; (d)
NaHCO3, MeOH/H0, 20°C, 24 h; (e) HyC=C(OL1)O!Bu, THE/HMPA, -780C, 30 min; (f) HCI, MeOH, 0°C,
10 min; (g) HCI, MeOH, 35°C, 2 h; (h) (L)-DMT, Ti(OiPr)4, 'BuOOH, 3A sieves, CHaClp, -23°C, 20 h; Me5sS:;
(i) CSA, CH)Clp, 20°C, 5 min.
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We next looked at extending this approach to the synthesis of tricyclic polyether fragments, particularly the CDE
rings of etheromycin. This required the synthesis of a triepoxide such as 12 in Scheme III. The order of introduction of
the three epoxides is critical, with the disubstituted epoxide clearly the most difficult to control. A successful route!? to
diepoxide 17 started from 3 and followed the order of epoxidation already used10 (Scheme II). Chain extension of 14
through reaction of its iodide derivative with the lithium enolate of t-butylacetate was followed by DIBAL reduction
(Et20, -98°C, 10 min) to give the aldehyde 15 (49% overall). In a Julia olefination sequence, 15 was added to the
lithiated sulphone 1613 to give selectively the trans-alkene (E:Z = 3.5:1; 55%), which was desilylated (TBAF, THF) to
give epoxyalcohol 17. The t-butyl acetate 2-carbon extension was then repeated to give after deprotection
homoeallylalcohol 18, which was now separated from the isomeric cis-alkene by HPLC.
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Scheme IL Synthesis of diepoxide alkene 18: (a) (D)-DMT, Ti(OPr)s, 'BuOOH, 3A sieves, CH2Cly, -23°C,
12 h; Me,S; BBuPhoSiCl, Et3N, 20°C, 12 h; (b) K2CO3, MeOH/H0, 200C, 24 h; (c) (D)-DMT, Ti(OiPr)a,
tBuOOH, 3A sieves, CH2Clp, -23°C, 18 h; MesS; (d) TsCl, pyr, CHaCly, 20°C, 18 h; (¢) Nal, Me2CO,
200C, 18 h; (f) HoC=C(OLi)O'Bu, THF/HMPA, -78°C, 5 min; (g) DIBAL, Et0, -98°C, 10 min; (h) 16,
nByLi, THF, -78°C, 5 min; 15, 10 min; PhCOCI, -78 to 20°C; (i) Na(Hg), THF/MeOH, -23°C, 1 h; (j) TBAF,
THF, 20°C, 30 min; (k) TsCl, EtsN, DMAP, CH,Cla, 20°C, 5 h.

Two routes for conversion of 18 into 2 were examined. Epoxidation of 18 by mCPBA (NaHCO3, CH;Cl,
20°C, 5 h; 93%) gave an equal mixture of the isomers 12 and 19, which were cyclised by CSA (0.5 eq, CH2Clz, 0°C,
18 h; 58%) to give the separable y-lactones 2 and 20 in a 1:1 ratio. The epoxidation stereoselectivity, however, could be
improved by cyclisation of 18 to 21 by acid followed by asymmetric epoxidation and in situ cyclisation (80%) to give a
3:1 ratio of lactones 2 and 20. Tricyclic compound 2 has the correct stereochemistry!! for the Cy3-Ca7 section of
etheromycin, whereas the isomeric compound 20 is the same!4 as Still's compound 213, except that it lacks a methyl
group.

In summary, we have demonstrated that stepwise epoxidation using Sharpless methodology followed by
biomimetic directed cyclisation can be used successfully to set up polyether fragments. Studies towards directed
cyclisation to give larger fragments incorporating the spiroacetal unit of etheromycin are underway.
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Scheme 111 Triepoxide cyclisation: (a) mCPBA, NaHCO3, CHClp, 20°C, 5 b; (b) CSA, CHCly, 0°C, 18 h;
(¢) (D)-DMT, Ti(O'Pr)4, 'BuOOH, 3A sieves, CH2Clp, -23°C, 4 d.
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