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ABSTRACT

An efficient, concise approach to the macrolide core of the cryptophycins, potent antimitotic agents, has been achieved. The reaction sequence
features a novel macrolactonization utilizing a reactive acyl-â-lactam intermediate that incorporates the â-amino acid moiety within the 16-
membered macrolide core. This highly modular approach, which allows for multiple alterations throughout the structure, was successfully
applied to the total synthesis of cryptophycin-24.

The cryptophycins are exceptionally potent, novel 16-
membered macrolides isolated from the blue-green algae
Nostocsp.1 The simplest of the macrolides, cryptophycin-
24 (arenastatin A,1, Figure 1), was also isolated from the
Okinawan marine spongeDysidea arenaria.2 The most
abundant component, cryptophycin-1 (2), has demonstrated
both antifungal and antimitotic properties.1a,bIn vivo studies

in human tumor xenografts in mice demonstrated remarkable
tumor burden reduction when compound2 was administered
intravenously.3 A hydrolytically more stable synthetic ana-
logue, cryptophycin-52 (3), is currently in Phase II clinical
trials.4

Microtubules are eukaryotic cellular structures involved
in the movement and positioning of chromosomes during
mitosis as well as the movement of vesicles and organelles
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Figure 1. Structures of the cryptophycins.
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within these cells. The dynamic nature of the equilibrium
between microtubules and tubulin along with their involve-
ment in cell division has made them an important target in
anticancer research.5 Several agents that interact with tubulin,
such as the Vinca alkaloids, colchicine, podophyllotoxin,
maytansine, and the cryptophycins,6 disrupt this equilibrium
in favor of tubulin protein. Cryptophycin’s exceptional
potency has led to studies of other possible modes of action.7

Cryptophycin-1 (2) and -52 (3) stabilize microtubule dynam-
ics at low nanomolar concentrations which exhibit no effect
on the overall concentration of microtubules within the cell
but still lead to apoptosis.7b,8 Cryptophycin-52 (3) was
recently reported to be the most potent agent to cause the
expression of hyperphosphorylated Bcl2, rendering cancer
cells susceptible to apoptosis.4

The potent bioactivity of the cryptophycins raised interest
in our group and others, leading to numerous reported formal9

and total syntheses.10 Significant structure-activity relation-
ship studies have also been carried out involving both
semisynthetic analogues derived from modifications of the
epoxide11 and synthetic analogues which differ in the tyrosine
fragment,12 â-amino acid moiety,13 or octadienoate ester
fragment14 or contain an isosteric replacement of the C5 ester
with an amide.15

Our continued interest in the interactions of these com-
pounds with tubulin protein led us to develop a novel, concise
approach toward the synthesis of the macrolide core of the
cryptophycins. Previous research with paclitaxel derivatives
in our laboratory utilized chiralâ-lactam precursors as
reactive intermediates for incorporation of the phenylisoserine
side chain.16 Likewise, the presence of theâ-amino acid
within the cryptophycin core provided a basis for our
retrosynthetic strategy (Figure 2). The key step would be

the closure to the macrocycle via an intramolecular reaction17

of the â-hydroxy group in the leucic acid ester component
with the activated acylâ-lactam.

To make the synthesis as concise as possible, the leucic
acid segment was introduced first by esterification of the
secondary alcohol9b 7 with acid chloride6 derived from bis-
silylatedL-leucic acid (Scheme 1).18 The p-methoxybenzyl
ether was deblocked using DDQ to provide the desired
primary alcohol. Oxidation of this alcohol was somewhat
problematic as basic oxidation conditions led to decomposi-
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Figure 2. Retrosynthetic analysis of cryptophycin-24.
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tion and the production of numerous byproducts. However,
the Dess-Martin oxidation cleanly provided the required
aldehyde. Attempts to carry out a standard Horner-Emmons

homologation under basic conditions once again provided
numerous undesired products with little isolable olefin. Even
the Masamune and Roush conditions (LiCl/DBU),19 which
are normally utilized when substrates or reagents are base
sensitive, failed in this case. Gratifyingly, the neutral
phosphorane8 produced the desired bond linkage leading
to the ester11.

Deprotection of thetert-butyl ester with TFA followed
by coupling with aminoacylazetidinone9 using HBTU/DIEA
incorporated all the elements necessary for macrocycle
formation. Deprotection of thetert-butyldimethylsilyl ether
with BF3‚Et2O provided the acyl-â-lactam intermediate5 for
macrolactonization. The key macrolactonization using CH2Cl2-
soluble Bu4NCN17a cleanly provided the 16-membered mac-
rolide 4. The end game involved the attachment of the C3′-
phenyl under Heck conditions and epoxidation utilizing
dimethyldioxirane (DMD) to provide cryptophycin-24 (1).20

In summary, a unique and convergent synthesis of cryp-
tophycin-24 (1) has been developed. The modular approach
allows for multiple alterations throughout the structure by
modification of the amino acylâ-lactam, hydroxy acid, and
C3′-aromatic group. The reaction sequence features a novel
macrolactonization approach utilizing the reactive acyl-â-
lactam for the incorporation of theâ-amino acid moiety. The
acyl-â-lactam macrolactonization strategy provides a concise
and efficient entry into the macrocyclic core of this promising
family of antitumor macrolides.
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