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Enzymatic resolution of thiazole-containing vinyl carbinols.
Synthesis of the C12-C21 fragment of the epothilones
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Abstract

An operationally simple enzymatic kinetic resolution has been applied in an efficient synthesis of C12-C21
fragment of epothilones. The key step, a lipase resolution, has been employed on three different thiazole-containing
vinyl carbinol substrates to give highly enantiomerically enriched alcohols bearing the key C15 stereocenter.
© 2000 Elsevier Science Ltd. All rights reserved.

Epothilone A () and B @) are cytotoxic macrolides isolated from myxobacteriBarangium
cellulosum These compounds exhibit potent antitumor properties, and their mechanism of action
is similar to that of Taxal' (paclitaxel), which is through induction of tubulin polymerization and
microtubule stabilization. Moreover, epothilones are effective against a number of paclitaxel-resistant
tumor cell linest As a result, the epothilone-class of natural products hold considerable potential to be
developed as powerful anticancer agents. In that regard, it comes as no surprise that a large number
of publications concerning the synthesis of epothilones and their analogs have recently appeared.
However, the development of convergent and practical routes toward these compounds would continue
to constitute a useful contribution to this field. Among the many synthetic approaches en route to the
epothilones, ring closing olefin metathédid and Suzuki coupling/macrocyclizatibf® 3P strategies
have been successfully used in several approaches (Scheme 1). These two strategies required the
construction of two advanced intermediates, a chiral secondary alcohol bearing a terminaSp{@tn (

a vinyl iodide -4 respectively. We report herein our approach to the synthesis of these two fragments,
which utilized a convenient lipase resolution to give highly enantiomerically enriched vinyl carbinols
and establish the critical C15-hydroxyl stereocenter. In comparison to conventional chemical synthetic
methods, enzymatic kinetic resolution with lipase generally uses mild reaction conditions and simple
operational procedurésln addition, lipase resolution provides both stereoisomers with generally high
enantiomeric excess, which may facilitate the preparation of analogs.
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The synthesis of olefing-3 began with the known thiazole aldehy8¢ which was treated with
allyl magnesium bromide at low temperature7@8°C) in THF to give the racemic secondary alcohol
rac-3. This material was subjected to lipase resolution to give the corresponding a€dtatar(d the
enantiomerically enriched alcohaB)¢3 with good yield and enantioselectivity (46% yield, 88% ee,
E=45.5) (Scheme 3.
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Scheme 2.

In the planned synthesis oBf4, aldehyde5 was treated with zinc dust and 1-trimethylsilyl-3-
bromopropyne in the presence of Hg@l refluxing THF. The resulting material was deprotected (TBAF,
THF) to give racemic alcohahc-7. Lipase resolution ofac-7 led to enantiomerically enriched alcohol
(9)-7 with 40% yield (50% conversion) and 94% €&<(115.1)> along with the opposite acetatR){8.

The alcohol §-7 was acetylated under standard conditions and further transformed to alkynyl ®bdide
(n-BuLi, 1, THF, 78°C), which was then reduced using Corey’s protbtolgive vinyl iodide ©)-4
(Scheme 3).

While the lipase resolution afic-7 provided desiredS)-7 with good yield and high ee, the length
of resolution time (7 to 14 days) was a point of serious concern. We then turned our attention to the
divinyl carbinolrac-10, which was easily obtained from the reaction of aldehyuéth vinyl magnesium
bromide (THF, 78°C). Gratifyingly, the rate of the resolution c-10 proved to be much faster than
that ofrac-3 andrac-7, and the resulting enantiomerically enriched alcol®10 was obtained in 48%
yield (50% conversion) and 90% eE<58.4)> This alcohol was then protected as its silyl ethér
(TBSCI, imidazole, DMF). Selective hydroboration of the terminal olefia2With dicyclohexylborane
followed by oxidation led to alcohdl3. Vinyl iodide 14 was obtained fromi3 by a three-step sequence,
including Dess—Martin oxidation, Wittig olefination and HF desilylation. Acetylatiof4finished the
synthesis of vinyl iodide$)-4 (Scheme 4).

In conclusion, efficient syntheses of two C12-C21 fragments of epothilones have been achieved
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Scheme 3. (a) (i) Zn, 1-trimethylsilyl-3-bromopropyne, Hg@@at.), THF, reflux, 16 h, 91%; (ii) TBAF, THF, rt, 30 min, 94%;
(b) Lipase AK (100%wt), hexane/ether, vinyl acetate, 7 to 14 days; (6PAEELN, DMAP, CH,Cl,, 95%; (d)n-BuLi, I, THF,
78°C, 80%; (e) BH Me,S, cyclohexene, HOAc, ED, 60%
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Scheme 4. (a) Vinyl magnesium bromide, THF8°C, 90%; (b) Lipase AK (50%wt), vinyl acetate, hexane, rt, 48 to 72 h; (c)
TBSCI, imidazole, DMF, 95%; (d) Bk THF, cyclohexene, THF, NaOH, J@,, >90%; (e) Dess—Martin reagent, @El,; (f)
CH,IPPhl, NaHMDS, THF; (g) HF (48% aqueous), GEN, 65% for three steps; (h) A®, EgN, DMAP, CH,Cl,, 95%

utilizing a lipase catalyzed resolution to establish the C15-hydroxyl stereocenter. Three different thiazole-
containing vinyl carbinols were successfully resolved under essentially similar reaction conditions. In all
cases, thé&s-absolute configuration of the resolved alcohols is in complete agreement with literature
precedents. Overall, the enzymatic resolution approach may offer an attractive choice for practical
synthesis of epothilones and their analogs.
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