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Abstract

The synthesis of macrocyclic, roughly planar, exclusively syn-functionalized hexapeptides, related to
dolastatin I and bistratamide C from enantiomerically pure oxazole precursors is reported. The platforms
can either be synthesized in a stepwise procedure by ®nal cyclization of the linear oxazole trimers or in a
direct `one-pot' reaction. The investigation on the coupling of these building blocks into linear dimers and
trimers with modern peptide coupling reagents is reported. # 2000 Published by Elsevier Science Ltd.
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Introduction. In recent years numerous biologically active cyclopeptides1 incorporating oxazole
and thiazole units2 have been identi®ed as metabolic products of algae, fungi and primitive
marine organisms and their structures have been elucidated. Compounds like dolastatin I (1)3 or
bistratamide C (2)4 (Scheme 1) containing three substituted ®ve-membered heterocycles often
exhibit biological activities, such as cytotoxicity.2b

In these compounds the three heterocycles are linked by trans amide bonds. When incorporating
only aromatic heterocycles, the cyclotrimers are roughly planar due to conjugation of the amide
bonds with the aromatic rings.5 The orientation of the three substituents depends on the absolute
con®guration of the a-carbon atoms. All syn-substituted structural analogues with functionalized
side chains are rare in the large family of marine cyclopeptides.2b,6 They may not only exhibit
di�erent biological activity than their unfunctionalized counterparts, but are also of potential
interest as template molecules in supramolecular chemistry, because of the limited conformational
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¯exibility within the macrocyclic backbone. A large variety of molecules have been designed that
incorporate these features; notable representatives are calixarenes, resorcinarenes and
tetraarylporphyrines.7aÿc In this context, a general synthetic route to 3 tolerating a variety of
functionalized side chains R1 to R3 was desirable. Furthermore, the projected synthesis should
allow the introduction of three di�erent side chains in order to provide addressability.
Based on previous pathways used for the total synthesis of natural products4,8 we investigated

the synthesis of linear precursors (Scheme 2) containing di�erently functionalized side chains
allowing for the synthesis of `addressable' platforms.

Results and discussion. The retrosynthetic disconnection of the three amide bonds of 3 leads to
three heterocyclic building blocks each containing an amino- and an acid-terminus. The building
blocks were synthesized according to standard procedures.5 The coupling of the mono deprotected
subunits to linear dimers and trimers was extensively studied as outlined in Tables 1 and 2. It was
®rst attempted with i-butylchloroformate and NMM.4 The reaction led to a large amount of side-
products. The desired dimers were obtained in yields of 18±26% almost independent of the dif-
ferent side chains R1 to R2. Thus, in order to improve the coupling procedure, several modern
peptide coupling reagents were investigated and a series of homo- and heterodimers was
generated. The best results were obtained with PyBOP, followed by BOP and HBTU.9 The
N-termini of the dimers 6a,c,e,f were deprotected in almost quantitative yields with TFA followed

Scheme 2. Coupling of the building blocks to open-chain dimers and trimers

Scheme 1. Examples of molecules with a rigid platform-shaped skeleton

6328



by the coupling with an acid monomer activated by PyBOP to give the `open-chain' trimers
7a,c,e,f in reasonable to good yields (Table 2).

Deprotection of the acid terminus of the linear trimers 7a±c by saponi®cation of the methyl
ester followed by cleavage of the Boc-group with TFA or HCl gave the cyclization precursors
8a±c in 71 to 75%. The macrocyclization was tried under various conditions. High dilution and
activation by PyBOP, BOP or HBTU gave only low yields of the cyclopeptides 9a±c (12±15%).
However, there are several methods available for peptide cyclizations.10 In many examples the

ring closure via the penta¯uorophenyl ester method11 shows exceptional results. The methyl ester
7a was transformed into a penta¯uorophenyl ester,12,13 the Boc-group was removed by HCl in
dioxane, and the cyclization was subsequently performed in a two-phase chloroform-aqueous
base system. This procedure gave 9a in 58% yield. Removal of the protective groups on the side
chains was achieved under standard conditions.
For the synthesis of platforms with three identically functionalized substituents a `one-pot'-

procedure seems to be suitable and has been investigated. Starting from the appropriate
deprotected oxazole building blocks (Scheme 3) 10a±b, the cyclic trimers 9a±b could be synthe-
sized under high dilution conditions by using DPPA as the coupling agent in moderate yields.14

The overall yields of both pathways are in the same range (about 10±20%) starting from the

Table 1
Coupling experiments to the dimers 6a±f

Table 2
Coupling experiments to linear trimers 7
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monomeric building block. Therefore, the `one-pot'-procedure, with respect to yields, has no
advantage over the stepwise synthesis, but gives much faster access to molecular platforms such
as 9a±b, bearing three identical side-chain substituents. The cyclization of the open-chain
fragments 8a±c with the penta¯uorophenyl ester method highly improves the yields of cyclic
products 9a±c compared to the formerly used cyclization protocol.15
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