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ABSTRACT

Eﬂ;iﬁ E ;Nim

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-f-lactam intermediate that incorporates the f-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.
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The cryptophycins are exceptionally potent, novel 16- in human tumor xenografts in mice demonstrated remarkable
membered macrolides isolated from the blue-green algaetumor burden reduction when compouddias administered
Nostocsp?! The simplest of the macrolides, cryptophycin- intravenously?. A hydrolytically more stable synthetic ana-
24 (arenastatin Al, Figure 1), was also isolated from the logue, cryptophycin-523), is currently in Phase Il clinical
Okinawan marine spong®ysidea arenarig The most trials#

abundant component, cryptophycin-1 (2), has demonstrated Microtubules are eukaryotic cellular structures involved
both antifungal and antimitotic properti&In vivo studies in the movement and positioning of chromosomes during
mitosis as well as the movement of vesicles and organelles

T Current address: Pharmacia Corp., Kalamazoo, MI 49001.

(1) (a) Schwartz, R. E.; Hirsch, C. F.; Sesin, D. F.; Flor, J. E.; Chartrain,
M.; Fromtling, R. E.; Harris, G. H.; Salvatore, M. J.; Liesch, J. M.; Yudin,
K. J. Ind. Microbiol.1990,5, 113. (b) Trimurtulu, G.; Ohtani, |.; Patterson,
G. M. L.; Moore, R. E.; Corbett, T. H.; Valeriote, F. A.; Demchik, L.
Am. Chem. Socl1994, 116, 4729. (c) Subbaraju, G. V.; Golakoti, T.;
Patterson, G. M. L.; Moore, R. B. Nat. Prod.1997,60, 302.

(2) Kobayashi, M.; Aoki, S.; Ohyabu, N.; Kuroso, M.; Wang, W X
Kitagawa, |. Tetrahedron Lett1994,35, 7969. 3 \©i

(3) (a) shih, C.; Gossett, L. S.; Gruber, J. M.; Grossman, C. S.; Andis, o)j>6/\N o OMe
S. L.; Schultz, R. M.; Worzalla, J. F.; Corbett, T. H.; Metz, J.Bioorg. e H
Med. Chem. Lett1999,9, 69. (b) Trimurtulu, G.; Ohtani, |.; Patterson, G.
M. L.; Moore, R. E.; Corbett, T. H.; Valeriote, F. A.; Demchik, 1. Am.
Chem. Soc1994,116, 4729.

(4) Shih, C.; Al-Awar, R.; Norman, B.; Patel, V.; Toth, J.; Varie, D.;
Fray, A.; Moher, E.; Martinelli, M.; Corbett, T.; Moore, Rbstract of
Papers, 219th National Meeting of the American Chemical Society; San .
Francisco, CA; American Chemical Society: Washington, R@Q ORG Figure 1. Structures of the cryptophycins.
291.

Cryptophycin-24 (Arenastatin A) R, R', X=H (1)
Cryptophycin-1 R = Me, R'=H, X = CI (2)
Cryptophycin-52 R, R' = Me, X = CI (3)
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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 researétSeveral agents that interact with tubulin,
such as the Vinca alkaloids, colchicine, podophyllotoxin,
maytansine, and the cryptophycfhdisrupt this equilibrium

in favor of tubulin protein. Cryptophycin's exceptional
potency has led to studies of other possible modes of attion.
Cryptophycin-1 2) and -52 B) 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 apoptosi&:® Cryptophycin-52 (3) was

recently reported to be the most potent agent to cause the

expression of hyperphosphorylated Bcl2, rendering cancer
cells susceptible to apoptodis.

The potent bioactivity of the cryptophycins raised interest
in our group and others, leading to numerous reported fdrmal
and total synthesé8.Significant structure activity relation-
ship studies have also been carried out involving both
semisynthetic analogues derived from modifications of the
epoxidé! and synthetic analogues which differ in the tyrosine
fragment!? S-amino acid moiety? or octadienoate ester
fragment* or contain an isosteric replacement of the C5 ester
with an amidét®
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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 chiral3-lactam precursors as
reactive intermediates for incorporation of the phenylisoserine
side chaint® Likewise, the presence of thg&-amino acid
within the cryptophycin core provided a basis for our
retrosynthetic strategy (Figure 2). The key step would be

Cryptophycin-24 (1)
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Figure 2. Retrosynthetic analysis of cryptophycin-24.

the closure to the macrocycle via an intramolecular reattion
of the f-hydroxy group in the leucic acid ester component
with the activated acyp-lactam.

To make the synthesis as concise as possible, the leucic
acid segment was introduced first by esterification of the
secondary alcoh#l 7 with acid chlorides derived from bis-
silylatedL-leucic acid (Scheme 1§.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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tion and the production of numerous byproducts. However,
the Dess-Martin oxidation cleanly provided the required
aldehyde. Attempts to carry out a standard HotfiBmmons
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homologation under basic conditions once again provided
numerous undesired products with little isolable olefin. Even
the Masamune and Roush conditions (LiCl/DB&yyhich

are normally utilized when substrates or reagents are base
sensitive, failed in this case. Gratifyingly, the neutral
phosphorane produced the desired bond linkage leading
to the esterll.

Deprotection of theert-butyl ester with TFA followed
by coupling with aminoacylazetidinorsausing HBTU/DIEA
incorporated all the elements necessary for macrocycle
formation. Deprotection of theert-butyldimethylsilyl ether
with BFs-Et,0 provided the acyp-lactam intermediat8 for
macrolactonization. The key macrolactonization usingCi
soluble BUNCN!"2cleanly provided the 16-membered mac-
rolide 4. The end game involved the attachment of thé C3
phenyl under Heck conditions and epoxidation utilizing
dimethyldioxirane (DMD) to provide cryptophycin-24)(°

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 acy$-lactam, hydroxy acid, and
C3'-aromatic group. The reaction sequence features a novel
macrolactonization approach utilizing the reactive agyl-
lactam for the incorporation of th&amino acid moiety. The
acyl3-lactam macrolactonization strategy provides a concise
and efficient entry into the macrocyclic core of this promising
family of antitumor macrolides.

Acknowledgment. We thank the National Institutes of
Health for financial support (RO1 CA 70369). The Depart-
ment of the Army is acknowledged for financial support of
M.E. through a postdoctoral fellowship (DAMD 17-97-1-
7051). S.K.N. thanks the Kansas Health Foundation for a
postdoctoral fellowship.

Supporting Information Available: Experimental pro-
cedures, characterization data, alti NMR spectra for
compoundsl, 4, 5, 7, 10—12, and all other intermediates.
This material is available free of charge via the Internet at
http://pubs.acs.org.

0L010044S

(19) Blanchette, M. A.; Choy, W.; Davis, J. T.; Essenfeld, A. P.;
Masamune, S.; Roush, W. R.; Sakai,Tetrahedron Lett1984,25, 2183.

(20) For separation of epoxides by RP-HPLC, see ref 10i. Alternatively,
for separation of epoxides using a halohydrin approach see ref 13.

1815



