Synthesis of Epothilones via a
Silicon-Tethered RCM Reaction

Tanja Gaich and Johann Mulzer*

Institut fr Organische Chemie, Unersita Wien,
Wéhringerstrasse 38, A-1090-Wien, Austria
johann.mulzer@umie.ac.at

Received January 17, 2005

ORGANIC
LETTERS

2005
Vol. 7, No. 7
1311-1313

ABSTRACT

A short synthesis of epothilone B and D is reported. The key step for generating the C12

—13-trisubstituted  Z-double bond uses a ring-closing

metathesis reaction of a disiloxane to form a nine-membered silicon-tethered ring.

Epothilones such a& and 2 (Figure 1) are forthcoming
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Figure 1. Epoxidation of epothilone D.

anticancer drugs with high cytotoxic activity combined with
low multidrug resistancé Although these compounds can
be procured from fermentation quite efficiently, the constant
search for more biologically active derivatives has inspired
an ever-increasing amount of total syntheksadl. of these
routes, some of which are well-suited for the larger scale,
must cope with the nontrivial problem of introducingZ+
double bond into the C12C13 position. Among the various
approaches, Danishefsky's Miyaur&uzuki coupling of
vinyl iodide 3 with boranes to olefin 5 has found widespread
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application, notwithstanding the low overall yield (43% for

the preparation 08, and 77% for the coupling) (Scheme 1).

Scheme 1. Danishefsky Approach to the 12,13-Double Bond
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Following the standard aldol disconnecti@f 2 into the
northern fragment and a southern fragmeBt(Scheme 2)
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Scheme 2. Retrosynthetic Considerations
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it occurred to us that the ring-closing metathesis (REd)
an ester such awould incorporate the C+2C13 double
bond into an eight-membered lactoh@ with (Z)-configu-
ration because the ring strain is lower than in the case of the
(E)-isomer.

Moreover,10 could serve for a chain elongation via diol
11 toward aldehyde7, which constitutes the northern

In both cases, only dimerk5 and 16 were isolated in 9
and 19% yield (Scheme 3). From this result we concluded

Scheme 3. Attempted RCM of Diolefins9 and 14
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fragment of6 in Nicolaou'$ and our synthesis(Scheme
2). Hence, diolefinic ester® and 14, serving as RCM

that the RCM was not able to overcome the ring strain in

precursors, were prepared in 2 and 4 steps, respectively, fromhe transition state.

lactate12 in overall yields of 61% and 44% and subjected
to RCM with either the Grubbs catalyst or the Grubbs-
Hoveyda catalyst® (Figure 2). Lactatd 2 was obtained from
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Figure 2. Structure of catalysta andb.

commercially available)-methyllactate via protection with
Bundle’s reagent.
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Hence, our idea was to induce strain relief by using a
silicon tether. As silicon is bigger in size and has got more
polarizable soft d-orbitals, its bonds are more easily distorted.
Thus, cyclization causes less ring strain, and RCM seemed
to be more facilé.Of course, we chose the tether in a form
to get ready access to aldehyde

Thus, disiloxanel7 emerged as a suitable RCM substrate,
which was prepared from alcoh@B* in one pot in 84%
yield. RCM of 17 gave the nine-membered ring olefli8
quantitatively with aZ/E ratio of 5/1 (Scheme 4% Yields

Scheme 4. Silicon-Tethered RCM
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for RCM turned out to be strongly dependent on the rate of
catalyst addition. Quantitative yields where only obtained
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when the catalyst was added over 16 h. By contrast, additionaldehyde7 with a diastereoselectivity greater than 95% and

of catalyst in one portion reduced the yield to 50%.
Without separation, thE/Z mixture of 18 was desilylated
to give a stereoisomeric mixture BfandZ diols, separable
by column chromatography. Th&diol was thus obtained
in 82% overall yield from17. In one pot, theZ-diol was

converted into the di-TBS-ether and then mono-deprotected pigai.H oluene,

to give 19in 88% vyield. One-carbon chain elongationl®

was accomplished by a Mitsunobu reaction with acetone 2

cyanohydrin in 92% yield! p-Methoxybenzyl (PMB) depro-
tection, oxidation to the ketone andt)(selective Wittig
reaction with phosphonium s&0 generated thiazole nitrile
21 (overall yield of 81% for the three steps) (Scheme 5).

Scheme 5. Chain Elongation and Introduction of the Thiazole
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Nitrile 21 was reduced to aldehy@?2 (84% yield), which
was subjected to a HornekWWadsworth-Emmons reaction
with Oppolzer’s chiral phosphona@S to give enone24 in
79% yield. A one-pot 1,4-reduction/methylation sequéhce
followed by reduction with DIBAL-H applied t@4 led to

(6) (@) Mulzer, J.; Mantoulidis, A.; Bler, E. Tetrahedron Lett1996
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81% yield for the two steps (Scheme 6). The analytical data

Scheme 6. Completion of the Northern Fragmeit
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of 7 perfectly matched those descritz&édlhe stereochemical
outcome of the tandem 1,4-reductiemethylation sequence
is rationalized via a chelate induced chirality transfer within
enolate25 (Scheme 7). By using this procedure, aldehyde

Scheme 7. Stereoselectivity of the Tandem 1,4 Reduction
Methylation
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was available in 11 steps from alcolid (overall yield 25%).

The endgame of the synthesis proceeds as described
earlief (Scheme 2). In an aldol reaction aldehydeis
connected with keton&. An additional five steps lead to
seco acid, which after Keck lactonization and desilylation
gives2, which is epoxidized wittm-CPBA (5/1 selectivity)
to 1. In conclusion, we present a short route2and 1 in
21/22 steps (longest linear sequence 18/19 steps) and with
an overall yield of 9%.
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