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Abstract:  The synthesis of the C7-C17 segment of epothilones
employing a ring closing metathesis is described. Our approach utilizes
the stereoselective methylation of the 10-membered lactone, generated
by ring closing metathesis, for introducing the methyl group at C8 and
provides an efficient access to strained epothilone derivatives, as well as
to the C7-C17 segment of epothilones.

The fascinating biological activities of the epothilones,1 isolated and
characterized by Höfle, Reichenbach et al. at the GBF,2 have initiated a
variety of different projects throughout the scientific community
yielding in the total synthesis of epothilones3 and epothilone derivatives
as well as various partial solutions.4 Our strategy in the total synthesis of
epothilones employs the aldol reaction between C6 and C7 and a
macrolactonization for the ring closure (Scheme 1). With a practical
synthesis for the ethyl ketone fragment 3 in our hands,4b we evaluated
different strategies in order to establish a short and efficient route to the
northern (C7-C17) segment, suitable for the aldol reaction. 

Scheme 1

We envisioned that the ring closure of compound 10 to generate the 10-
membered lactone 6 as the key step will provide an efficient access to
the C7-C17 segment of epothilones as well as to strained epothilone
derivatives (Scheme 2). The synthesis of this strained 10-membered
lactone could be a solution to the lack of stereocontrol observed in the
ring closing metathesis reaction utilized in the synthesis of the
epothilone backbone by other groups. Even though it was not obvious
whether such a ring closure metathesis reaction would be successful
since only three examples of a 10-membered ring closing metathesis
reaction had been published at that time, the results of Fürstner et al. on
synthesizing a 10-membered lactone by a ring closing metathesis
indicated that this route can lead to the desired product.5 In order to
synthesize the desired precursor 10 we chose (S)-ethyl lactate (7)as the
starting material from the chiral pool. Addition of allyltrimethylsilane
should generate the desired stereochemistry at C15 in good

stereoselectivity and the hydroxyl group of (S)-ethyl lactate could later
be oxidized and used in the Wittig reaction for introducing the thiazole
moiety.

Scheme 2

Here we report the synthesis of the C7-C17 segment of epothilone A,
starting from (S)-ethyl lactate (7) and employing the ring closing
metathesis reaction as the key step to generate the Z double bond of
epothilone in a rare 10-membered ring closing reaction. Subsequent
methylation establishes the desired carbon skeleton of the northern
hemisphere of epothilones (Scheme 3). (S)-Ethyl lactate (7) was
protected with PMB-trichloroacetimidate followed by reduction and
subsequent Swern oxidation generated aldehyde 8, which was
transformed into the secondary alcohol 9 by stereoselective addition (de
= 91%) of allyltrimethylsilane with SnCl4 as Lewis acid.6 Esterification
with 6-heptenoic acid under standard conditions provided diene 10
which was subjected to a ring closing metathesis reaction (RCM) using
Grubbs’ ruthenium-based catalyst (11).7 The choice of the solvent and
the reaction temperature had significant influence on the stereochemical
outcome of the metathesis reaction.8 High dilution technique in
refluxing CH2Cl2 gave the best Z/E ratio (12:1), whereas reaction in
toluene only gave a 1:1 mixture of both stereoisomers.

In order to introduce the methyl group at C8 stereoselectively we
followed two strategies. The more straightforward approach was to
establish the methyl group right from the beginning by asymmetric
methylation of the 6-heptenoic acid according to Evans´ protocol
(Scheme 4).9 Cleavage of the chiral auxiliary with LiAlH4 followed by
oxidation with PDC provided 2-(S)-methyl-6-heptenoic acid (15) which
was esterified with alcohol 9 and subsequently subjected to a ring
closing metathesis reaction yielding lactone 5.

The second route made use of the conformation of the 10-membered
ring which was methylated stereoselectively10 without the need of any
additional chiral auxiliary as shown in Scheme 3. Both strategies were
employed in the synthesis of 5 and compound 5 derived from 2-methyl-
6-heptenoic acid (15) was used to assign the stereochemistry of the
methylation of 6. The alkylation of compound 6 gave only one
stereoisomer and both products gave identical NMR signals and the
same optical rotation, indicating that the alkylation of 6 with NaHMDS
and CH3I generated the desired compound.11 
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This strategy allows access to the northern fragment of epothilones
without the necessity of employing chiral auxiliaries for the introduction
of the C8-methyl group. Taking into account that the metathesis reaction
provides a rapid access to the C7-C17 segment of epothilones with the
Z-double bond in a very good Z/E ratio and no chiral auxiliary is
necessary for establishing the desired stereochemistry at C8, we now
have a convenient strategy for generating the northern hemisphere and
the carbon framework of strained epothilones. 
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