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ABSTRACT

Efficient and processable syntheses of key building blocks of the antitumor agent 12,13-desoxyepothilone B (dEpoB) by catalytic asymmetric
induction are herein described.

Interest in the epothilone family of natural products on the
part organic chemists was incubated, no doubt, by the
promising biological profiles of the A and B isomers,
particularly the latter.1,2 These compounds seem to share a
common tubulin-centered mechanistic framework with
paclitaxel, yet offer potential advantages in terms of formu-
lability and performance in vitro toward Taxol insensitive
tumor cells.3 Likewise, the interesting and insightful structural
features of the epothilones challenge the collective ingenuity
of the science of organic synthesis. The field has benefited
from a continuing series of disclosures,2,4 seeking to improve
upon the three initial feasibility demonstrations.5-7

As early as 1997, using our then intricate (though
stereospecific) academic type synthesis,5b enough epothilone
B was garnered to show for the first time that the initial
Merck reports3 on the favorable in vitro biological profiles
of epothilones were extendable to human tumors transplanted
in murine hosts in a xenograft setting.8 However, during these
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investigations, some potentially serious toxicity problems
were uncovered using agent2 (Figure 1). These findings cast

some doubt as to whether exploitable therapeutic indices
could be found with epothilone B (EpoB). During this era,
we demonstrated that much of the toxicity of EpoB could
be abrogated through the use of 12,13-desoxyepothilone B
(dEpoB,3).9,10 Vast superiority of dEpoB relative to EpoB
and to paclitaxel has been demonstrated in a variety of
competitive in vivo settings, and the results have been
published elsewhere.2b,11 Presently, dEpoB has advanced to
toxicology and efficacy studies in dogs, en route to a full-
scale clinical evaluation.12

Since our laboratory lacks access to fermentation-derived
epothilones, total synthesis constituted our only recourse to
produce material for biological investigations. Indeed, all of
the in vivo evaluations have been conducted on fully
synthetic dEpoB. The present goal is to develop a practical
total synthesis of dEpoB which can furnish material ap-
propriate for a full scale evaluation in humans if, as expected,
findings in higher and larger animals so indicate.

In our previously described improved routes to dEpoB,13,14

three subunits were built and combined. The route to building
block C (see Figure 2) has already been shown to be

amenable to major scale-up. As previously described by
Overman,15 building block B was prepared by auxiliary-
mediated allylation of a suitable propionate derivative, using
methodology first promulgated by Evans and associates.16

The largest impediment to major scale-up was in the
synthesis of theA subunit, which had previously required
eight steps, exclusive of generating the required reagents.

Several of these maneuvers required rather sophisticated and
expensive chemistry, and prospects for serious scale-up of
these protocols were daunting. The disclosure herein now
describes new synthetic developments which render theA
fragment readily available in multigram quantities, utilizing
easily processable chemistry. These advances have major
favorable consequences for a plant-level synthesis of dEpoB.

The new route for the synthesis of the key vinyl iodide
fragment required smooth access to large quantities of
phosphine oxide7. This subunit is in fact easily preparedin
two stepson a 100 g scale as shown in Scheme 1.17 The

second subunit required for building theA segment is methyl
ketone8 (vide infra). The Horner-like condensation18 be-
tween7 and 8 is conducted in 98% yield on a multigram
scale to affordA. However, for this chemistry to be valuable,
a straightforward synthesis of8, amenable to plant-level
scale-up, had to be accomplished.

Fortunately, two such routes have now been developed.
In the first approach (Scheme 2) following conversion of9
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Figure 1. Epothilones.

Figure 2. Epothilone building blocks.

Scheme 1a

a (a) (i) acetone, (ii) ZnCl2, MeOH, reflux, 60%; (b) HOPPh2,
Cs2CO3, Bu4NI, CH2Cl2, 97%; (c) (i)7, n-BuLi. THF, -78 °C, 30
min, (ii) 8, -78 °C to rt, 98%.
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to 10 (84%),19,20 a highly diastereoselective alkylation of
lithio 10 with 11 produces12 (>25:1 de) in 81% yield.19,20

As was previously reported,21 diiodide11 is available from
2-butynol in two steps as shown. Finally, compound12 was
advanced in three steps to8 by recourse to the Weinreb
amide13.22

A second route, while somewhat less selective, reaches8
even more easily, in only four steps via asymmetric dihy-
droxylation23 (Scheme 3). This synthesis begins with the

known reaction of propyne withB-iodo-9-BBN and methyl
vinyl ketone to produce17,24 which reacts (in multigram
scale) with trimethylsilyl iodide to provide an 88:12 (18a:
18b) mixture of silyl enol ether isomers18.25 Asymmetric

dihydroxylation23 of this material, under the conditions
shown, afforded19 (87% ee, 55% yield-two steps). Finally,
triethylsilylation of 19 completes the synthesis of ketone8
and thereforeA.

With a view to generating fragmentB by strictly catalytic
asymmetric methods, its synthesis was revisited (Scheme 4).

For this purpose, we synthesized subunit20, which is
prepared from isoprene by known chemistry.26 Asymmetric
epoxidation27 of 20 provides21, which undergoes reductive
cleavage28 at the more substituted center to furnish diol22.
Following periodate cleavage as shown, building blockB is
in hand. While this method bypasses recourse to a chiral
auxiliary, its ultimate advantage in terms of scale-up to the
multigram levels in a plant-type setting awaits demonstration.

As previously described,13,14 a novel aldol condensation
joins fragmentsB andC. Subsequently, a palladium-mediated
B-alkyl Suzuki29 merger joinsA with B-C. With the carbon
skeleton in place, a catalytic Noyori reduction30 provides the
desired stereochemistry at C3 and macrolactonization leads,
shortly afterward, to dEpoB.14 While we always remain open
to possibilities for still greater practicality, we are now
already confident that compound availability through total
synthesis will support a full and searching evaluation of
dEpoB and other promising epothilones at the clinical level.
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Scheme 2a

a (a) (i) TiCl4, 0 °C, 87%, (ii) TESCl, imidazole, DMF, 84%;
(b) LHMDS, 11, -78 °C, 81%; (c) (i) HOAc:THF:H2O (3:1:1),
(ii) CH3ONHCH3, AlMe3, (iii) TESCl, DMF, 88% overall; (d)
MeMgB, 0 °C, 93%; (e) (i) RedAl, 0°C to rt, (ii) I2, -78 °C to rt,
Et2O; (f) TMSI, CH2Cl2, 0 °C, 81%-two steps.

Scheme 3a

a (a) (i) I-9-BBN, hexanes, (ii) methyl vinyl ketone, hexanes,
(iii ) 3 N NaOH, PhMe, 100°C, 65%; (b) TMSI, HMDS, CH2Cl2,
-20 °C to rt; (c) 1 mol % of OsO4, AD-mix-R, MeSO2NH2,
t-BuOH:H2O (1:1), 55%-two steps; (d) TESCl, imidazole, DMF,
85%.

Scheme 4a

a (a) t-BuOH, Ti(Oi-Pr)4, (+)-DET, CH2Cl2, 98%, 82% ee; (b)
NaCNBH3, BF3‚OEt2, THF, 52%; (c) NaIO4, THF:H2O, 81%.
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