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ABSTRACT

The enantioselective synthesis of callystatin A is described. The pivotal step in the synthesis is the stereoselective aldol reaction that generates
the â-hydroxy ketone moiety. Utilizing the allylic strain within the ethyl ketone precursor, we were able to generate the all-syn configuration
of callystatin A. For the construction of the two diene moieties, both a Heck coupling and a Wittig reaction were employed.

Callystatin A1 was isolated fromCallyspongia truncataand
its structure determined by Kobayashi and co-workers. In
1998 they also reported the first total synthesis which was
followed by those from Crimmins1d and Smith.1e Callystatin
belongs to a group of natural products that is characterized
by an unsaturated lactone moiety and two diene systems
separated by two sp3-hybridized carbons.

This structural motif is also present in leptomycin,2

ratjadone,3 kazusamycin, and anguinomycin.4 Our interest

in this group of natural products most recently produced the
first total synthesis of ratjadone and the evaluation of the
structure-activity relationships (SAR) for this compound.5a

Within that series, the lactone as well as the diene moieties
are crucial for the biological activity whereas the hydroxyl
moiety can be modified without losing the tumor growth
inhibitory effect.5 In this context we started the synthesis of
callystatin in which the fragments potentially crucial for
antitumor activity are assembled before the aldol reaction is
performed as the final coupling step.

This strategy not only circumvents the drawbacks of
selective protecting group transformations but also allows
for the rapid synthesis of structural analogues and derivatives
for cellular target identification.5b,cThe structure of callystatin
reveals the diene systems as attractive sites for retrosynthetic
disassembly. We dissected callystatin into four major frag-
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ments (Scheme 1), chiral aldehydeA, vinyl iodideB, alcohol
C, and aldehydeD. In the synthetic direction, fragmentsB
andC are joined by a Heck coupling followed by oxidation
and extension with the Still-Gennari reagent. After forma-
tion of the corresponding bromide, a Wittig reaction between
phosphine6 and aldehydeD furnishes the majority of the
carbon skeleton.

The synthesis of fragmentB commences with known
aldehyde 16 derived from (S)-3-hydroxyisobutyric acid.
Addition of EtMgBr7 followed by TBS protection and
selective liberation of the primary hydroxyl group with CSA
in acetone/water generates alcohol2.

Oxidation with the Dess-Martin periodinane8 and a
subsequent Corey-Fuchs reaction9 in which the anion was
alkylated with MeI established the acetylenic compound3.
Treatment with the Schwartz reagent10 and quenching the
anion with I2 generated a 3:1 mixture of regioisomers of
which the desired major fragmentB was easily separated
by flash chromatography (Scheme 2). The synthesis of

fragment6 (Scheme 3) was initiated with a Heck coupling11

between vinyl iodideB and the known alcoholC.12 Swern
oxidation13 of 4 followed by Still-Gennari reaction14 estab-

lished theZ-configuredR,â-unsaturated ester5. Dibal-H
reduction and subsequent transformation into the bromide
under Appel1d conditions followed by treatment with tribu-
tylphosphine furnished tributylphosphonium salt6 (Scheme
3).

Wittig reaction of6 with aldehydeD15 using KOtBu in
toluene1d provided precursor7 which contained the complete
carbon skeleton necessary for the pivotal aldol reaction.

Deprotection of the secondary hydroxyl group was ac-
complished with TBAF in THF. The following Swern
oxidation provided ethyl ketone8 in 73% yield over two
steps (Scheme 4). The ketone was then treated with LiHMDS
at -78 °C in THF to generate theZ-enolate. After the
reaction mixture had been stirred for 20 min, aldehydeA
was added in one portion and the reaction was quenched
after 15 min at-78 °C with a saturated NH4Cl solution.
The aldol step generated the twosyn-isomers in a 2:1 ratio
in favor of theall-syn isomer (19,20-syn9). Acid-catalyzed
cleavage of the acetal and subsequent oxidation with MnO2

in CH2Cl2 and pyridine furnished callystatin A (Scheme 4).
The spectroscopic data were identical in all respects to those
reported for the natural material (e.g.,1H and 13C NMR,
HRMS, optical rotation). Having the aldol reaction estab-
lished in the end-game of the synthesis circumvents the
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Scheme 1. Retrosynthetic Analysis of CallystatinA

Scheme 2. Synthesis of the Vinyl IodideB

Scheme 3. Synthesis of Fragment6
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problem of removing a TBS group from a secondary alcohol
in the presence of a sensitive lactone moiety or having to
discriminate between two secondary hydroxyl groups.

The minor isomer (19,20-anti 9)16 was also subjected to
the final transformations and it could be seen that the
diastereomeric callystatin differs significantly from the
natural one (see Supporting Information) in its1H NMR
spectra. We rationalized the observed selectivity for the major
isomer in the aldol step with a Zimmerman-Traxler transi-
tion state17 in which pseudo 1,3 diaxial interactions between
the ketone side chain and the aldehyde proton are minimized

(Scheme 5).18 This strategy now allows the rapid assembly
of analogues that differ from the natural product in the
hydroxy ketone region. The results from biological testings
of both isomers as well as additional analogues will be
reported in due course.
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Scheme 5a

a Allylic strain imparted by the orientation of the substituentsR
to the enolate favors the linear chain conformation as depicted. That
same sterically congestedR center then dictated facial selectivity
in the aldol reaction with the aldehyde approaching from the
opposite side of the methyl group.

Scheme 4. Synthesis of Callystatin A
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