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Abstract: In connection with our studies of the total syntheses of
epothilones we report our efforts on the syntheses of epothilone B using
a macro-lactonization and a metathesis approach. Key reaction for the
solution of the acyclic stereoselection is a stereoselective aldol reaction.

In light of their powerful anti-tumor activity, epothilones, a new family
of natural products isolated by the research groups of Höfle and
Reichenbach at the Gesellschaft für Biotechnologische Forschung
(GBF), in Braunschweig, Germany, have created tremendous
excitement in the scientific community.1

Due to their impressive biological profile,2 multiple efforts towards the
synthesis of epothilones appeared almost simultaneously in the
literature.3 Three groups described total syntheses of epothilone A4

shortly after these initial studies, and two described total syntheses of
epothilone B.5 In addition, a flood of papers appeared presenting partial
solutions towards the synthesis of epothilones.6 Many derivatives have
been synthesized as well and their biological profiles have been tested.7

In this report, we wish to present our recent investigations along these
lines focusing on two novel routes to approach epothilone B. The first
approach uses macro-lactonization as the ring closing step (the
retrosynthetic analysis is shown in Scheme 1),4d and the second uses
metathesis for ring closure following our epothilone A strategy.4c,7e

As shown in Scheme 1, the two major fragments 2 and 5 are coupled by
an aldol reaction and are finally cyclized via macro-lactonization to
obtain 1. Key aldehyde 5 was obtained by a palladium-mediated

coupling8 of fragments 3 and 4, which were obtained by efficient routes.
In contrast to our early studies, we have used an alternative strategy to
synthesize key fragment 2, which avoids large scale borane chemistry
and offers crystalline intermediates with the possibility to obtain higher
optical purity.

Zinc-mediated coupling of 6 with 3-pentanone yielded ester 7.9

Subsequent transformation into aldehyde 8 and aldol coupling with 
(S)-HYTRA [(S)-(-)-2-hydroxy-1,2,2-triphenyl acetate]10 yielded 9 in
very high optical purity (de = 96%). Ester cleavage, reduction,
protection, and finally, ozonolysis gave the desired ethyl ketone 2. 

The alkyl fragment 4 required for our desired palladium coupling was
synthesized using Evans’ procedure.11
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Starting from compound 11, a diastereoselective allylation gave 12
(ratio: 20:1), which was transformed into 4 by a one-pot hydroboration/
iodination sequence after cleavage of oxazolidinone from 12.12

The key thiazole fragments 3 and 18 were obtained by very efficient
reactions starting from (S)-malic acid.13,14

Starting from 14,14a lactone 15 was obtained after borane reduction and
acid-catalyzed cyclization. Silylation, addition of methyllithium, and
further silylation gave functionalized ketone 16, which was transformed
into aldehyde 17 as previously described.4c Further elaborations by
Wittig reactions gave key intermediates 3 and 18.15

Coupling of intermediates 3 and 1316 by palladium catalysis8 gave
compound 19 in a stereochemically homogeneous form containing the
desired trisubstituted double bond moiety of epothilone B. Deprotection
and Dess Martin periodinane oxidation yielded key aldehyde 5 in high
overall yield.

Coupling of the enolate of 2, which was preformed with LDA in THF at
low temperature, with aldehyde 5 gave the required aldol product in
94% isolated yield with the desired anti-Felkin syn isomer 20 as the
major product (9:1).17 Deprotection and trisilylation of the triol
provided compound 21 which is identical to the compound published by
Nicolaou in his total synthesis of epothilone B.4d

Our second epothilone B synthesis is based on our epothilone A
approach4c using three key fragments, which were combined by an aldol
reaction that proceeds with remarkable stereocontrol, and then by ring
closure via olefin metathesis. Key aldehyde 25 was also synthesized
using Evans’ protocol as shown in Scheme 7.18
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Ethyl ketone 2 and aldehyde 25 were coupled by an aldol reaction under
kinetically controlled conditions yielding the desired anti-Felkin syn
aldol product 26 with high facial selectivity (10:1).19 Following our
deprotection/protection and oxidation protocol from the epothilone A
strategy4c we obtained the acid 27 (4 steps, 67% from 26). Esterification
with thiazole segment 18 gave ester 28 which is identical to
Danishefsky’s key intermediate in his epothilone B synthesis based on
the metathesis approach.7e

In summary, we have presented two formal total syntheses of epothilone
B. Our macro-lactonization approach represents the best and most
efficient solution to epothilone B to date as it provides an especially
convergent synthesis and demonstrates the power of palladium-
mediated couplings and aldol technology towards stereoselective C,C
bond formations. The acyclic stereocontrol of the configurations at C-6
and C-7 has been easily resolved using our fragments in the key aldol
reaction.
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