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Abstract: Studies directed toward the formation of methyl ethers in key intermediates for the synthesis of lono-
mycin A are described. Several highly functionalized secondary alcohols have been methylated in excellent yields
using the powerful methylating reagents methy! triflate (MeOTf) and trimethyloxonium fluoroborate (Me30BFj4).

Polyfunctional target structures such as the ionophore antibiotics? provide an environment to probe the degree
of selectivity that given reagents possess in discriminating between an array of similar functional groups which
might be differentiated by either local steric or ficld effects. In this Letter, we report that hydroxyl groups con-
tained within poly-oxygenated intermediates can be selectively methylated under carefully controlled conditions.
These reactions have recently been incorporated into the first total synthesis3 of lonomycin A and have further
implications for the synthesis of related ionophore targets such as A-204 (2).

Lonomyecin A

During the synthesis of the C3-C1y and Cp5-C3glonomycin A fragments, methylation of the hindered B-hy-
droxy ketones, 3a and 4a, were required (Scheme I). While both 3a and 4a are prone to retro-aldol cleavage, 3a
is especially sensitive with respect 1o epimerization at the -ketoimide C-methyl bearing stereogenic center. Sev-
cral mild alcohol methylation methods were unsuccessfully explored, including Ag,O/Mel? and the various cat-
alyzed diazomethane procedures.5 It was ultimately discovered that treatment of 3a with methy! triflate (15 equiv)
and 2,6-di-tert-butyl-4-methylpyridine (30 equiv)$ (CHCl3, 60 °C, 6.5 h) smoothly promoted methylation to give
3b in 88% yield. Alternatively, the Cz7 alcohol in 4a was methylated using Me3OBF47 and 1,8-
bis(dimethylamino)naphthalene (Proton Sponge™) (15 equiv each, CH,Clp, 23 °C, 48 h) affording 4b in 82%
yield. Use of these highly activated methylating reagents did not promote alkylation of the oxazolidinone auxiliary
to an appreciable extent (<5%) under the indicated reaction conditions.
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{2) MeOT, 2,6-di- tbutyl-4-methylpyridine, CHCly, 60 °C. (5) Me,OBF,, Proton Sponge™, CH ,Cly, 23 °C. (¢) As in (b) but 0 °C.
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Methylation of the Cz3-alcohol in 5a proved to be a considerable challenge. As before, the hindered environ-
ment in the vicinity of the alcohol moiety rendered it unreactive to a variety of methylation procedures.® In par-
ticular, the elevated temperature necessary for reaction with methyl triflate caused extensive decomposition, prob-
ably due 1o competitive alkylatipn of the tetrahydrofuranyl rings.8 On the other hand, the use of Me3QBF, and
Proton Sponge (5 equiv each, CH2Cla, 0 °C, 7 h) efficiently methylated the Cz3 hydroxyl moiety, providing 5b in
84% yield along with 16% recovered starting material. In this reaction, proper control of temperature was found
to be essential to suppress unwanted side reactions.

Completion of the lonomycin synthesis required methylation of the C)1 alcohol cither prior to or after
spiroketalization but before the final deprotection events (Scheme IT). 'In spite of extensive efforts to methylate the
uncyclized aldol adduct 6a using the previously mentioned conditions, this transformation could not be achieved
without product decomposition. However, the desired transformation was accomplished on the derived spiroketal
7a. Treatment of 7a with methyl triflate (25 equiv) and 2,6-di-fert-butyl-4-methylpyridine (100 equiv) (CHzCla,
25°C, 18 h) selectively alkylated the Cj;-hydroxyl without competing methylation at either of the C3 or Ca3 lactol
moieties. Presumably both steric and electronic effects are responsible for the observed selectivity in this trans-
formation. Removal of the oxazolidinone auxiliary with LIOOH in THF/H»O provided synthetic lonomycin A
which was identical in all respects (*H and 13C NMR; IR; TLG; [a]p) to the natural product.

Mo 7e,R=H Lonomycin A
[: 7b, R = Mo 1
(a) 5 : 88 : 0 489% aqueous HF/CHyCNH.0, 0 °C. (b) MeOTY, 2,6-di- thutyl-4-methylpyridine, 23 °C. (c) LIOOH, THF, H.0, 0 °C

The preceding alcohol methylations are among the most complex cxamples recorded in the literature. Al-
though these reactions-are quite substrate dependent, the observation that surprisingly high levels of selectivity can
be achicved in these poly-oxygenated intormediates is significant. In general, our observations are consistent with
the fact that Me30BF; is a somewhat more reactive methylating reagent than MeOT£.8 In the individual reactions
described, the choice of both methylating reagent and reaction conditions was predicated on gaining the proper
level of selectivity for the desu'ed hydroxyl functionality.? The full details of the total synthesis of lonomycin A
will be reported shortly.
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