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Solid-Phase Synthesis of ''Head-to-Side Chain" Cyclic Tripeptides
Using Allyl Deprotection
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Abstract: "Head-to-side-chain" cyclic tripeptides were designed as endothelin receptor antagonists. Solid
phase synthesis of cyclic peptides, using an automated allyl cleavage procedure with Pd[P(Phs)]s followed
by cyclization was performed. Synthetic procedures were established on a continous-flow peptide
synthesizer. © 1997, Published by Elsevier Science Ltd. All rights reserved.

Since their discovery by Yanagisawa et al. in 1988 % endothelins have been the subject of
considerable research regarding their physiological function and potential pathophysiological role in
cardiovascular disease . Two endothelin receptors, ET4 and ETg, have been characterized in mammalian
species >*. Due to the implication of ET, receptors in the mediation of vascular smooth muscle tone,
pharmaceutical research has focussed on selective ET, receptor antagonists, leading to the discovery of
bioactive peptides °. Among them, BQ-123: cyclo(D-Asp-Pro-D-Val-Leu-D-Trp) has been studied extensively
around the world ®. Various SAR studies on BQ-123 and on family of endothelin peptides have led to the
general hypothesis that a hydrophobic group (leucine residue), an indole moiety (tryptophane), and the
presence of an acidic group are necessary for receptor binding affinity 7. We chose BQ-123 as a template for
designing novel cyclic tripeptide ET, inhibitors in order to restrict the number of side chains to the essential
functional groups involved in the interaction with the receptor. Molecular modelling studies have indicated
that alkyl-cyclo (Lys-Trp-Asp) peptides might be good candidates for mimicking the BQ-123 structure ®.

Our requirements for the design of these tripeptides
were to preserve

1 - the overall volume of the ring ;

2 - the orientation of the tryptophane and aspartic acid
side chains ;

3 - the hypothetical hydrogen bonds between the
receptor and the CO or NH group of the amide bonds ;
4 - the possibility of introducing hydrophobic groups

BQ123 H-cyclo(Lys-Trp-Asp) on the lysine amine.
The first step was to synthezise all the possible peptides of H-cyclo(Lys-Trp-Asp) with L and D isomers of all
amino-acids (DDD - DDL - DLD - DLL - LDD - LDL - LLD - LLL), and the second step was to introduce
hydrophobic substituents (such as isobutylcarbonyl group) to mimick the leucine side chain on the lysine
amine.
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Chemistry: We report here the synthesis of cyclic tripeptides using two strategies: in the case of L-Asp
derivatives, an automated solid-phase procedure was performed, and, in the case of D-Asp derivatives,
cyclization in solution was used. In general, classical synthesis of cyclic peptides is carried out by cyclization
of the partially protected linear precursor under conditions of high dilution. The synthesis of cyclic peptides on
solid support favors intramolecular reactions over intermolecular side reactions ® and has the advantage of easy
washing to remove the reagents. Since the introduction of the allyloxycarbonyl (Aloc) group in 1950 as a
protective group '°, the importance of aloc and allyl groups in peptide chemistry has been shown !!. Recently,
several groups have reported orthogonal strategies involving allyl cleavage on solid-phase synthesis of
peptides 2 In the context of investigating cyclic peptides with potential therapeutic properties, we have
followed the strategy elaborated by Kates et al. 1 who performed continuous-flow peptide synthesis, using p-
alkoxybenzylalcohol polystyrene support (PAC-PS, Perseptive Biosystem) loaded with Fmoc-Asp-OAll by
side-chain anchoring. An advantage of an entirely automated strategy is a shorter reaction time than that for a
cyclization in solution. After peptide elongation, allyl deprotection of the C°-carbonyl group with
tetrakistriphenylphosphine palladium(0), Fmoc deprotection of the lysine side chain, activation and cyclization
with benzotriazol-1-yloxy-tris(pyrrolidino)phosphonium hexafluorophosphate (PyBOP) in the presence of 1-
hydroxybenzotriazole (HOBt). Then, after final deprotection and cleavage to release the cyclic peptides into
the solution, the crude product was obtained with an HPLC purity between 50 and 88% (see scheme below).

Fmoc-Asp(OPAC-PEG-PS)-0All O-chloro-trityl resin
1) Fmoc-D-Asp(OtBu)-OH
SPPS DIPEA / CH,Cl,
ii) Fmoc deprotection
AA coupling

Boc-Lys(Fmoc)-Trp-Asp(OPAC-PEG-PS)-OAll
R-Lys(R')-D-Trp-D-Asp(OtBu)-Trt(Cl)resin

S 1.2 eq. PA[P(Phy)] in
6: R= Boc; R'= Fmoc i c i
OmL/mi CHCI,, /AcOH 5% / NMM 2.5% i) 20% piperidine / DMF
1omL/min ! 3 2 R=(CH,),CHCO if) TFA/ TFE/ CH,Cl, (3/ 10/ 87)
R'= Mtt

Boc-Lys(Fmoc)-Trp-Asp(OPAC-PEG-PS)-OH
R-Lys-D-Trp-D-Asp(OtBu)-OH

SPPS 1) 20% piperidine / DMF
2) cyclisation PyBOP / HOBt 6: R= Boc TBTU or DPPA
(1 hour : 10 mL/min) 9:R= (CH3)2CHCO DIPEA/ DMF NaHCO3/ DMH

—sx 104
[el=5x10%M (103, 103M

Boc-cyclo(Lys-Trp-Asp(OPAC-PEG-PS)) ]
R-Lys-D-Trp-D-Asp-—-

cleavage gnd i) TFA / Anisole / EDT 6 R=H i) TFA/ Anisole/ EDT/CHZCIZ
deprotection 05:25:2.5) 9: R= (CH,),CHCO (60:2.5:2.5:35)
ii) preparative HPLC ii) preparative HPLC

| —
i
H-Lys-Trp-Asp R-Lys-D-Trp-D-As;

Compounds 1 to 4 were obtained by this synthetic route'* . An example of this synthesis is that of the

tripeptide cyclo(Lys-Tryp-Asp) 1. The N-o-substituted lysine analogue of compound 1 was prepared by using
Fmoc-Lys(Aloc)-OH during peptide elongation to yield RCO-cyclo(Lys-Trp-Asp) derivatives. D-Asp
derivatives (4 - 9) were prepared classicaly in solution because Fmoc-D-Asp(PEG-PS)-OAll resin was not
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commercially available. Ortho-chloro-trityl resin (Novabiochem) was chosen for its high esterification yields
and easy cleavage of peptides, while not affecting the t-butyl type protective groups 15, The resin was loaded
with Fmoc-D-Asp(OtBu)-OH according to Barlos et al. 13, Standard chain elongation was performed, and
cleavage of the peptide from the resin with triflucroacetic acid (TFA), trifluoroethanol (TFE), dichloromethane
(3/10/87) for 5 min, yielded the partially protected linear peptide, which was cyclized under high dilution (¢=5
x 10* M ) with 2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium tetrafluoroborate (TBTU) in DMF at
room temperature. Deprotection of the Boc group yielded crude compounds having a HPLC purity between 52
and 75%'®. The N-ou substituted lysine derivative 9 was synthesized by using Fmoc-Lys(Mtt)-OH and
isovaleric acid during peptide chain elongation, using diphenylphosphorylazide (DPPA) in DMF at 0°C (c= 3
x 10 M ) according to Brady et al.'” All peptides were purified by preparative reverse-phase HPLC.

Compound Purity* Yield" Compound Purity® Yield”
cyclo(Lys-Trp-Asp) 50% 22% § cyclo(D-Lys-D-Trp-D-Asp)  52% 13%
cyclo(D-Lys-Trp-Asp) 88% 14% 6 cyclo(Lys-D-Trp-D-Asp) 83% 27%
cyclo(Lys-D-Trp-Asp) 50% 8% 7 cyclo(D-Lys-Trp-D-Asp) 75% 36%
8
2

15 19 I =

cyclo(D-Lys-D-Trp-Asp) 65%  22% cyclo(Lys-Trp-D-Asp) 58%  27%
isobutylcarbonyl-cyclo 26% 4%
(Lys-D-Trp-D-Asp)

Table 1: "Head-to-side chain” cyclic tripeptides. FAB-MS for compounds 1 to 8: calc./ found [M+H}*: 429/ 430.

(a) determined by HPLC (220 nm) (b) after preparative HPLC.

In conclusion, "head-to-side-chain" cyclized peptides can be efficiently and rapidly synthesized by a three-
dimensional orthogonal strategy (Fmoc/ t-Butyl/ allyl) leading to libraries of cyclic peptides (in prep.).
Pharmacological results with the tripeptides discussed above will be published elsewhere.
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