
Tetrahcdmn Letters. Vol. 35, NO. 30, pp. 5429-5432. 1994 
Elseviex Science Ud 

Printed in Great Britain 
oo4oao39i94 57.oo+o.00 

oo40-4039(94)01075-7 

Synthesis of an Endothelin Cyclic Analogue using an Original 
Multidimensional Protection Scheme 

Christiane Mendre*, Robert Pascal and Bernard Calas 

CJ?~dL?Rechaches&BkhiUlk Mamnnokulaire..cNBsaadlNsBBM. 
Bcute&Mendc.BP5051.34033Mcntp&cr.Praacc 

A~~~AshortcyclicaMbgueofeidothelinlhlrsbcen~~nativedisulphidebridges 
between Cy&Cys” and cysl-cys Is have been replaced respectively by two fMla and a . . . . ~acidlinked0all&3pmticacid 

Endotbelin ET-l. 1. the most potent vasoconstrictor hormone is a bicyclic peptide containing four 
cysteines linked by two disulphide bridges. 

b -Ser-Ser-Cys-Ser-Q> Cys-Ser-Cys 

l&t 

4 I \ 
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Cys-Val-Tyr-Pbe-Cys 
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In the course of ,our investigations on the endothelin stmctum-activity relationships and research on new 
antagonists, we syntb,esizcd a cyclic analogue in which only the loop 2 of endothelin and the C-terminal 
hexapeptide bf ET-l were xetained. The loop 2 was built by replacing th’e disulphide bridges with peptide bonds 
providing a kucture with the same numbcz of atoti This choice resulted from two observations. Fixstiy, ET-1 
and several toxins contain the s&e pattern Cys-Xaa-Xaa-X++Cys connected to a Cys-Xaa-Cys sequence 
within an extended fragment1 suggesting the importance of the loop 2 of ET-l for its activity; a finding which 
would be in agreement with biological assays demonstrating the importance of disulphide bridges for the 
vasoconstrictor activity of ET-I 2. Secondly, an antagonist of ET-l has been obtained by replacing the 
disulphide bridge Cyst-Cysls by a peptide bond3. Considering these two elements, the disulphide bridges of 
the loop 2 of ET-l were mimicked by two amide bonds between two wa residues and between the side-chains 
of Dpr and Asp residues4, bsding to the targetted cyclic peptide 3. In addition, this replacement results in a 
stable analogue and avoids possible alternative cyciization or polymerisation by formation of incorrect 
disulphide bridges. 
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Ntmmous types of cyclixation on peptides have been mported in the litcratum : side-chain to side-chains, 
N-te-mkal to side-chain6 or head to tail types7 or cyctixation by disulphidc bridges*. hr this paper, we describe 
a new example of N-tem+ual to side-chain cyclization in the solid phase using Fmoc-methodology and tBu, 2, 
and CAM-esters protecting groups for the side-chains. Our original approach is based on the use of the synthon 
4 in which the amide bond bctwccn Dpr and Asp side-chains is already builtto. This approach avoids any 
possibility of aspardmide formation resulting either from the activation required for the Asp side-chain to Dpr 
side-chain cyclixation or fmm the base catalyscd reaction of the ester protecting group of aspartic acid skk*hain 
during the repeated tmatments with pip&line requited for Fmoc-protecting group mmoval. The synthon 4lt 
was prepared from ZAsn and Fmoc-Asp-O& (Scheme 1). 

Scheme 1. The synthesis of the synthon 4. 
a) PhI(OAch. DMlY&D 60~40; b) Fmoc-Ogu. NaHC@. acetone./watcr 50% c) CsHCq in EtOH/ &O, evqorate 
under rsduoed pze!mue with PhCH3: d) ICH$!ON&, DMF: e) Diethylamine 10% in DMF: r) Fmoc-Asp-OtEu, 

TBTU, DIEA;-& TFA. 

The solid phase assembly of the linear pcptide 5 was carried out by a conventional continuous flow 
procedure (Scheme 2) except when the synthon 4 was introduced. After the CAM-ester hydrolysis, the 
cyclixation was csrried out in the solid phase using TBTU/HOBt since no particular possibility of epimkxation 
of the NaZ-protected nsidue was expected (Scheme 2)_ The peptide substitution level of 0.097 meq/g was 
expected to maiutaiu a pseudo-dilution effect minimizing in@n%ain side-teactions during the cyclization step. 
The crude product was dissolved in water and then lyophiliztd. The purification of the crudq product was 
carried out by semi-preparative Hl’LC12 and tire purified peptide showed a sin8le pcak,‘fiurity > 99 96. ES-MS 
m/z 809.5 @4+2H+). Amino acid analysis : Asp 1.98 (2): Scr 0.77 (1): Va10.93 (1): Ile 1.48 (2): L.cu 1.06 (1); 
Tyr 0.92 (1): Phe 0.94 (1): PAla 2.1 (2); His 0.94 (1); Dpr 0.8 (1); W not dosed. 
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In conclusion, our method has allowed the synthesis of a cyclic peptide mimicking a N-terminal 
disulphide bridge by the Dpr and Asp residues using Fmoc chemistry. Though the mthod is pnsently limited to 
peptides involving a N-term&d cysteine. it could be genera&d by the Eplacement of the Zprotecting gmup in 
the synthon 4 by a truly orthogonal protecting group (allyloxycarbonyl group using DBU14 instead of 
piperidine for Fmoc group removal or Dde protecting group* for example) which may allow the synthesis of 
the peptide to be continued after the cyclization step. 
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