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Abstract: Thiazole containing cyclic peptides have been synthe-
sised in high yields by cyclooligomerisation reactions of amino acid
substituted thiazole monomers.
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A large number of cyclic peptides containing 'unnatural'
D-amino acids, together with modified amino acids in the
form of azole heterocycles have been isolated from ma-
rine organisms and algae in recent years. The Lissoclinum
class of cyclic peptides e.g. raocyclamide 1,1 lissoclina-
mide 4 2,2 ascidiacyclamide 3,3 is one such group, charac-
terised by the presence of oxazoline/oxazole/thiazoline/
thiazole heterocycles alternating with amino acid resi-
dues.4 The size and conformations of these macrocycles
and the functional groups they possess have suggested
that they have potential for metal ion chelation and trans-
port in vivo.5 This, together with the cytotoxic and anti-
neoplastic properties observed for a number of these com-
pounds,4 has inspired work towards their synthesis, usual-
ly via a linear approach followed by a macrocyclisation
step.1-4 We now wish to report the preparation of some

novel thiazole-based analogues of natural cyclic peptides
using a concise high-yielding cyclooligomerisation proce-
dure from appropriate amino acid substituted thiazole pre-
cursors.

Thus, the fully protected amino acid thiazoles 4 were first
prepared using a modified Hantzsch synthesis.6,7 Saponi-
fication of the thiazole esters, 4 with NaOH next gave the
corresponding carboxylic acids 5, which were then imme-
diately subjected to amine deprotection using a 4 M solu-
tion of HCl in dioxane, leading to the amino acids 6 as
their hydrochloride salts in essentially quantitative yield.8

Cyclooligomerisation experiments with 6 were performed
initially using the D-valine derived thiazole 6a. Cyclooli-
gomerisation of 6a was attempted using a number of pep-
tide coupling reagents (Table 1) and pentafluorophenyl
diphenylphosphinate (FDPP) was found to give remark-
ably consistent high yields (80 - 96 %) of cyclic products.9

The optimum concentration for this cyclooligomerisation
reaction was found to be in the range 10 - 50 mM (Table
1). At lower concentrations (1 mM) the yield was marked-
ly lower (60 %) whilst at higher concentrations (0.5 M)
the formation of insoluble polymeric products was found
to increase.

Under the optimum conditions, i.e. yields > 80 %, the ma-
jor isolated cyclic products resulting from the cyclooligo-
merisation of 6a were found to be the cyclic trimer 7 and
the cyclic tetramer 8 which were produced in a 5:2 ratio
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(measured by 1H nmr and HPLC).10 Trace amounts of
higher oligomers (pentamer, hexamer, heptamer, octamer
and nonamer) were also observed by FAB mass spectrom-
etry, although these compounds were not isolated. The ra-
tio of the trimer 7 and the tetramer 8 did not vary
significantly when the reaction was carried out at different
concentrations. The 1H nmr spectra of the separated cyclic
peptides 7 and 8 in CDCl3 at 22 °C indicated that they
were C3 and C4 symmetric, respectively. The 1H nmr spec-
tra of 7 and 8 were similar, although the signal attributable
to the amide protons in 7 is 0.6 ppm further downfield
from that in 8, suggesting that intramolecular hydrogen
bonding may be stronger in 7 than in 8. The vicinal 3JNHCH

values of 9.3 Hz and 9.1 Hz for 7 and 8, respectively cor-
respond to dihedral angles of 150° < q < 180° in both the
macrocycles.11

X-ray quality crystals of 7 were obtained by slow diffu-
sion of diethyl ether into a dichloromethane solution of
the cyclic peptide. The x-ray structure indicates that 7 is a
rigid molecule in which all of the nitrogen atoms point to-
wards the centre of the macrocycle and the valine side
chains all lie on the same face of the molecule and adopt
axial positions.12 The NHaCH dihedral angles of the three
amide linkages in 7 were found to be between 159 and
167° which is consistent with the values determined by 1H
nmr spectroscopy. This correlation suggests that the cy-
clic tetramer 8 is also a flat molecule in which the thiazole
units form the corners of a square with all side chains on
the same face of the molecule.13

The successful outcome of the cyclooligomerisation of 6a
prompted us to investigate further reactions with other thi-
azole amino acid based monomers. When the racemic thi-
azole 6b was subjected to the same cyclooligomerisation
reaction, a statistical mixture of diastereomeric trimers, 7
and 9, and tetramers, 8, 10, 11 and 12 was obtained. This
mixture was separated by preparative HPLC and the rela-
tive stereochemistry of each of the pure compounds was
assigned on the basis of their symmetry as determined by
1H nmr. The overall yield of the cyclic products 7 - 12 was

75 % and the trimer:tetramer ratio was found to be 1:1,
which is substantially different to that observed using the
homochiral thiazole precursor 6a. This difference may re-
flect the relative ease of cyclisation of linear precursors
containing a mixture of D- and L-amino acid residues.14

The cyclooligomerisations of the phenylalanine derived
thiazoles 6c and 6d were also studied. Interestingly, when
the homochiral precursor 6c was subjected to the cyclo-
oligomerisation conditions, none of the expected cyclic
trimer 13 was produced, although a small amount of its di-
astereomer 14 (21 %) together with the expected tetramer
15 (10 %) and a diastereomeric tetramer 16 (23 %) were
obtained. The formation of both 14 and 16 can be attribut-
ed to the presence of the opposite enantiomer (enantio-
meric excess as determined by the formation of a
Mosher's amide derivative = 60 %)15 in the starting mate-
rial. When the racemic phenylalanine derived thiazole 6d
was subjected to the cyclooligomerisation reaction a non-
statistical mixture of the trimer 14 and the diastereomeric
tetramers 15 - 18 was isolated. The major product isolated
was the tetramer 16 where alternating phenylmethyl side
chains were positioned on opposite faces of the macrocy-
cle. The overall trimer:tetramer ratio (1:1) observed in this
cyclooligomerisation was substantially different to that
obtained for the enantiomerically enriched thiazole 6c
(1:3), suggesting that the unsymmetrical trimer 14, in
which one of the side chains lies on the opposite face of
the macrocycle is formed more readily than its C3 sym-
metrical analogue 13, where all of the side chains must lie
on the same face of the macrocycle. This outcome may be
a result of the steric congestion imposed upon 13 by the
rigid backbone of the cyclic trimer. We are currently in-
vestigating the trimer:tetramer ratio obtained when thiaz-
ole monomers bearing different side chains are subjected
to the cyclooligomerisation reaction, to determine wheth-
er steric congestion is responsible for this difference.

The cyclooligomerisation of an oxazoline based amino
acid monomer has previously been employed in the for-
mation of the C3 symmetric natural product westelliamide
(or cyclooxazoline) together with a C4 symmetric ana-
logue,13 and in contemporaneous studies the synthesis of
a number of thiazole containing symmetrical macrocycles
via the cyclooligomerisation of a thiazole containing tet-
rapeptide has been reported.16 However, in both of these
examples the yields of cyclic oligomers obtained were
found to be less than 50 %. We have now shown that the
cyclooligomerisations of amino acid substituted thiazole
monomers can be achieved in high yields (typically >80
%), thereby providing rapid access to large amounts of
novel and unusual cyclic peptide analogues. Applications
of this reaction to other heterocyclic monomers for the
purpose of preparing libraries of novel modified cyclic
peptides are now in progress in our laboratories. These
macrocycles will then be examined to determine their
conformations, biological activity and metal chelating
properties together with their potential applications as
templates for synthetic receptors or scaffolds for the de-
velopment of macromolecular devices.

NS

CO2H

HCl.H2N

6a

Coupling reagent,

i-Pr2NEt, CH3CN
87

S N

CO2Et

BocHN R

S N

CO2H

BocHN R

S N

CO2H

HCl.H2N R

4

NaOH

5

4 M HCl

6

a, R = D-CH(CH3)2; b, R = D,L-CH(CH3)2; c, R = D-CH2Ph; d, R = D,L-CH2Ph. 

EtOH/H2O dioxane

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ity

 o
f P

en
ns

yl
va

ni
a 

Li
br

ar
ie

s.
 C

op
yr

ig
ht

ed
 m

at
er

ia
l.



LETTER The Synthesis of Novel Thiazole Containing Cyclic Peptides via Cyclooligomerisation Reactions 1725

Synlett 1999, No. 11, 1723–1726 ISSN 0936-5214 © Thieme Stuttgart · New York

Acknowledgement

We thank the EPSRC for a studentship (to JSH), and Astra Charn-
wood, SmithKline Beecham (CASE award to JSH) and Pfizer Ltd
for their support of this work.

References and Notes

  (1) a) V. Admi, U. Afek and S. Carmeli, J. Nat. Prod., 1996, 59, 
396; b) D. J. Freeman and G. Pattenden, Tetrahedron Lett., 
1998, 39, 3251.

  (2) a) B. M. Degnan, C. J. Hawkins, M. F. Lavin, E. J. McCaffery, 
D. L. Parry, A. L. van den Brenk and D. J. Watters, J. Med. 
Chem., 1989, 32, 1349; b) F. J. Schmitz, M. B. Ksetbati, J. S. 
Chang, J. L. Wang, M. B. Hossain, D. van der Helm, M. H. 
Engel, A. Serban and J. A. Silfer, J. Org. Chem., 1989, 54, 
3463; c) C. D. J. Boden and G. Pattenden, Tetrahedron Lett., 
1995, 36, 6153.

  (3) a) Y. Hamamoto, M. Endo, M. Nagawaka, T. Nakanishi and 
K. Mizukawa, J. Chem. Soc., Chem. Commun., 1983, 323;
b) Y. Hamada, S. Kato and T. Shioiri, Tetrahedron Lett., 1985, 
26, 3223.

  (4) For reviews on the isolation, structure and synthesis of the 
Lissoclinum cyclic peptides see a) P. Wipf, in Alkaloids: 
Chemical and Biological Perspectives, ed. S. W. Pelletier, 
Elsevier, Amsterdam, 1998, vol 12., p. 187; b) P. Wipf, Chem. 
Rev., 1995, 95, 2115.

  (5) J. P. Michael and G. Pattenden, Angew. Chem., Int. Ed. Engl., 
1993, 32, 1.

  (6) a) M. W. Bredenkamp, C. W. Holzapfel and W. J. Zyl, Synth. 
Commun., 1990, 20, 2235; b) E. Aguilar and A. I. Meyers, 
Tetrahedron Lett., 1994, 35, 2473; c) C. D. J. Boden, G. 
Pattenden and T. Ye, Synlett, 1995, 417.

  (7) C. J. Moody and M. C. Bagley, J. Chem. Soc., Perkin Trans. 
1, 1998, 601.

  (8) All new compounds gave satisfactory spectroscopic data 
together with high resolution mass spectrometric and/or 
microanalytical data.

  (9) The following general cyclooligomerisation procedure is 
described: Diisopropylethylamine (3 eq.) and FDPP (1.5 eq.) 
were added to a suspension of 6 (2 mmol) in anhydrous aceto-
nitrile (42 mL) and the solution was stirred at ambient 
temperature for 18 h before evaporating to dryness in vacuo. 
The residue was partitioned between ethyl acetate (50 mL) 
and aq. HCl (2 M, 50 mL) and the separated organic layer was 
washed with aq. HCl (2 M, 50 mL). The combined aqueous 
solutions were back extracted with ethyl acetate (50 mL) and 
then the organic solutions were combined and washed 
successively with aq. NaOH (1 M, 2 x 50 mL), H2O (50 mL) 
and brine (50 mL). The solution was dried (MgSO4) and the 
solvent was then removed under reduced pressure to leave a 
mixture of cyclic peptide products which were separated by 
column chromotography (silica gel) or by preparative HPLC 
(Dynamax Silica Gel Cartridge Column, 30 cm x 10 mm 
internal diameter).

(10) Spectroscopic data for 7: mp 258 - 260 °C (from Et2O); [a]298
D 

+126.8 (c = 0.53, CHCl3); dH (360 MHz, CDCl3) 8.45 (3H, d, 
J 9.3, 3 x NH), 8.1 (3H, s, 3 x CH=C), 5.4 (3H, dd, J 9.3 and 
5.8, 3 x NHCH), 2.3 (3H, m, 3 x CH(CH3)2), 1.1 (9H, d, J 6.8, 
3 x CH3), 1.0 (9H, d, J 6.8, 3 x CH3); dC (90 MHz, CDCl3) 
168.6 (C=O), 159.7 (Cq), 149.1 (Cq), 123.4 (CH), 55.4 (CH), 
35.3 (CH), 18.8 (CH3), 18.3 (CH3); m/z (ES) 569 (M+ Na)+; 
Found C, 52.5; H, 5.6; N, 15.0 %. C24H30N6O3S3 requires C, 
52.7; H, 5.5; N, 15.0 %.
Spectroscopic data for 8: mp 152 - 154 °C (from Et2O); [a]298

D 
+204.6 (c = 0.57, CHCl3); dH (360 MHz, CDCl3) 8.0 (4H, s, 4 
x CH=C), 7.85 (4H, d, J 9.1, 4 x NH), 5.2 (4H, dd, J 9.1 and 
8.2, 4 x NHCH), 2.6 (4H, m, 4 x CH(CH3)2), 1.2 (12H, d, J 6.7, 
4 x CH3), 1.0 (12H, d, J 6.6, 4 x CH3); dC (90 MHz, CDCl3) 
169.3 (C=O), 160.3 (Cq), 148.9 (Cq), 124.2 (CH), 55.3 (CH), 
32.6 (CH), 19.6 (CH3), 18.9 (CH3); m/z (ES) 751 (M + Na)+, 
1479 (2M + Na)+; Found C, 50.9; H, 5.5; N, 14.6 %. 
C32H40N8O4S4.0.5 H2O requires C, 50.9; H, 5.7; N, 14.8 %.

(11) V. F. Bystrov, V. T. Ivanov, S. L. Portnova, T. A. Balshova
and Y. A. Ovchinnikov, Tetrahedron, 1973, 29, 873.

N

N
H

N

HN

N

NH

S

S

S

O

O

O R

R

N

HN

N

S

S

O

R

N

NH

N

S

S

O

R

N
H

H
N

O

O

R

R

N

N
H

N

HN

N

NH

S

S

S

O

O

O R

R

R

N

HN

N

S

S

O

R

N

NH

N

S

S

O

R

N
H

H
N

O

O

R

R

N

HN

N

S

S

O

R

N

NH

N

S

S

O

R

N
H

H
N

O

O

R

R

N

HN

N

S

S

O

R

N

NH

N

S

S

O

R

N
H

H
N

O

O

R

R

R

 R = i-Pr
 R = CH2Ph 

7
13

 R = i-Pr
 R = CH2Ph 

9
14  R = i-Pr

 R = CH2Ph 
8
15

 R = i-Pr
 R = CH2Ph 

12
18

 R = i-Pr
 R = CH2Ph 

11
17 R = i-Pr

 R = CH2Ph 
10
16

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ity

 o
f P

en
ns

yl
va

ni
a 

Li
br

ar
ie

s.
 C

op
yr

ig
ht

ed
 m

at
er

ia
l.



1726 A. Bertram et al. LETTER

Synlett 1999, No. 11, 1723–1726 ISSN 0936-5214 © Thieme Stuttgart · New York

(12) We thank Dr A. J. Blake of this Department for this 
information. Full details will be presented in a forthcoming 
full paper.

(13) P. Wipf and C. P. Miller, J. Am. Chem. Soc., 1992, 114, 10975.
(14) K. D. Kopple, J. Pharm. Sci., 1972, 61, 1345.
(15) J. A. Dale, D. L. Dull and H. S. Mosher, J. Org. Chem., 1969, 

34, 2543.

(16) N. Sokolenko, G. Abbenante, M. J. Scanlon, A. Jones, L. R. 
Gahan, G. R. Hanson and D. P. Fairlie, J. Am. Chem. Soc., 
1999, 121, 2603.

Article Identifier:
1437-2096,E;1999,0,11,1723,1726,ftx,en;L12799ST.pdf

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ity

 o
f P

en
ns

yl
va

ni
a 

Li
br

ar
ie

s.
 C

op
yr

ig
ht

ed
 m

at
er

ia
l.


