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Abstract—Novel thiazole- and oxazole-containing modified cyclopeptide C3-symmetric cages have been synthesised utilising a
trimeric linker to control the assembly and cyclooligomerisation of heterocyclic amino acids. © 2002 Elsevier Science Ltd. All
rights reserved.

A wide variety of unusual and biologically important
thiazole- and oxazole-containing cyclopeptide alkaloids
have been isolated from the marine environment in
recent years; typical examples include ascidiacyclamide
1 and raocyclamide A 2.1,2 The presence of alternating
amino acid residues and heterocyclic rings in these
secondary metabolites, with heteroatom lone pairs
directed towards the macrocyclic cavity, has led to
speculation that they may function as metal complexa-
tion and transport agents in vivo.3 It has also been
postulated that certain relatives of these marine natural
products, which present multiple functional groups in
one direction e.g. 3, could have applications in the field
of molecular recognition.4 In addition to total synthe-
sis, self-assembly and metal-templated cyclooligomeri-
sation studies of thiazole- and oxazole-containing
amino acids, we have recently reported the design and
synthesis of some cyclopeptide scaffolds, i.e. 3a and 3b,
containing additional functionality on the amino acid
side-chains, and their subsequent conversion into novel
tubular polyamides and cage structures, e.g. 4 (Fig. 1).5

In continuation of these studies, we now describe a
concise and flexible approach to C3-symmetric molecu-
lar cages viz. 5, using the tris-carboxylic acid linker 6 to
control the assembly and cyclooligomerisation of hete-
rocyclic amino acids (Scheme 1).

Thus, the L-ornithine-derived thiazole 7, which was
prepared via an established synthetic route, was first

reacted as its amine salt with the known tris-carboxylic
acid 6 in the presence of pentafluorophenyl
diphenylphosphinate (FDPP) and diisopropylethyl-
amine (i-Pr2NEt) in DMF, to produce the tris-amide 8
in 87% yield.5,6 Saponification of the three ethyl esters

Figure 1.
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in 8 and removal of the Z-carbamates next led to the
fully deprotected trimeric thiazole amino acid 9. When
a solution of 9 in DMF at high dilution (2.5 mM) was
reacted with FDPP and DBU over 7 days, a controlled
cyclooligomerisation took place, resulting in the forma-
tion of the isomeric cage cyclopeptides 10 and 11 (ratio
2:3; in a combined yield of 19%) which were separated
by preparative TLC (Scheme 2). The spectroscopic data
for each of the cage compounds were characteristic for
C3-symmetric structures and their 1H NMR spectra
showed typical absorptions at � 8.39 /� 8.07 and �
8.41/� 8.11 (10 and 11) relating to their two sets of ring
NH and thiazole protons.7,8

We next extended our study to the synthesis of oxazole-
containing cyclopeptide cages and examined the effect
of a shortened amino acid side-chain on the composi-
tion of the cyclooligomerisation products. Thus, the
L-serine-derived oxazole 14 was first synthesised from
Boc-L-serine 12 involving (i) protection of the alcohol
12 as the TBDMS ether; (ii) coupling with L-serine
benzyl ester benzenesulfonate to yield dipeptide 13; (iii)
conversion of the �-hydroxyamide 13 into the corre-
sponding oxazole 14 following treatment at −78°C with
diethylamino sulfurtrifluoride (DAST) and oxidation of
the resulting oxazoline with BrCCl3–DBU; this
sequence produced the oxazole with �95% e.e.9 After
deprotection of the silyl ether in 14, the resulting alco-
hol was coupled with the tris-carboxylic acid 6 leading
to tris-ester 15 in 88% yield. Hydrogenolysis of the
three benzyl esters in 15 and subsequent deprotection of
the amino groups then afforded the cyclooligomerisa-
tion precursor 16.

We were pleased to find that the scaffolded
cyclooligomerisation of the tris-amino acid 16 in the
presence of FDPP and 4-DMAP, in DMF at high
dilution, led to the formation of two trimeric cage
cyclopeptides, i.e. 17 and 18 (ratio 9:5), in a combined
yield of 19% (Scheme 3). Mass spectrometry and NMR
spectroscopic studies confirmed that the two cage
cyclopeptides were monomeric and variable tempera-
ture 1H NMR studies in DMSO-d6 demonstrated the
clear presence of both ‘inside’ and ‘outside’ tertiary

Scheme 2. Reagents and conditions : (a) FDPP, i-Pr2NEt,
DMF, 24 h, 87%; (b) NaOH, THF/H2O, 24 h; (c) 33%
HBr/AcOH, 18 h, 81% (two steps); (d) FDPP, DBU, DMF, 7
days, 19% (ratio 2:3).

Scheme 3. Reagents and conditions : (a) TBDMSCl, imidazole,
CH2Cl2, 12 h, 69%; (b) L-serine benzyl ester benzenesulfonate,
EDCI·HCl, NMM, HOBt, CH2Cl2, 0°C, 12 h, 91%; (c)
DAST, CH2Cl2, −78°C, 2 h; (d) BrCCl3, DBU, CH2Cl2, 0°C,
8 h, 47% (two steps); (e) TBAF, THF, 0°C, 1 h, 84%; (f) 6,
EDCI·HCl, 4-DMAP, NMM, CH2Cl2, 0°C, 12 h, 88%; (g)
H2, 10% Pd/C, MeOH, 48 h, 94%; (h) 4 M HCl/dioxane, 3 h,
73%; (i) FDPP, 4-DMAP, DMF, 5 days, 19% (ratio 9:5).Scheme 1.
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hydrogen cyclopeptide diastereoisomers.10,11 No coales-
cence of signals was observed in the 1H NMR spectrum
upon heating the mixture to 100°C and the two sets of
amide protons (� 8.42 and � 8.36) were clearly visible at
elevated temperatures. The presence of diastereoisomers
was further reinforced in the 13C NMR spectrum which
showed differing sets of absorptions for the two
cyclopeptides. The spectroscopic data for the cage
cyclopeptides synthesised in this study, by themselves,
did not allow an unambiguous distinction between the
two sets of ‘inside’ and ‘outside’ diastereoisomers, i.e.
10 and 11 and also 17 and 18.12 Further studies are
underway to resolve the stereochemical assignments
and also to investigate the ion-binding and transport
properties of these novel cyclopeptides.
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