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Introduction

The melanocortins are a group of structurally related peptides derived from proopiomelanocortin
(POMC), their name from their melanotropic and corticotropic activities and are comprised of
adrenocorticotropic hormone (ACTH), a-melanocyte stimulating hormone (a-MSH), p-MSH, and
y-MSH. The effects of melanocortins are mediated by activation of a family of melanocortin receptors
(MCRs). Five MCR (MC1R, MC2R, MC3R, MC4R, and MC5R) (Figure 2) genes have been cloned
and the receptors pharmacologically characterized [1]. All the melanocortin ligands conserve the core
sequence, Trp-Arg-Phe-His. Previous SAR study on melanotropins, in particular on a-MSH, led to the
small cyclic peptide MT-I1, a potent and non-selective agonist at MCRs.
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Fig. 1. New cyclic lactam peptide analogues of o-MSH containing «,a-disubstituted amino acids.

Similarly, the lactam analogue, SHU-9119, is an antagonist at MCRs 3 and 4 receptors. Subsequently,
we developed a series of novel 20-membered macrocycles formally derived from MTII and SHU9119,
containing an alkylthioaryl bridge. Based on these considerations, herein we synthesized a new cyclic
lactam peptide analogues of a-MSH containing «,a-disubstituted amino acids to provide further SAR
study.

Design, Synthesis and Peptide Library

The cyclization approach by disulphide bond,

and lactam on melanocortins led to interesting

results. Previously, our research group has

developed melanocortin peptide analogues in //— —\
which 2-fluoro-5-nitro benzoic acid was used g @ D o @D
for the macrocyclization reaction, side chainto v aon e Unknomn
tail cyclization (Figure 1) [2]. Among these . A ! ! !
compounds, PGI10N, represents a potent e s L i ey tpla
analogue which has different conformation eposant o
compared with MTII and shown to be selective
for the MC5R. In the present study, we
synthesized a new 18 lactam macrocyclic '
analogues of a-MSH by the introduction of
a,a-disubstituted amino acids such as Fmoc-1-
amino-1-cyclobutane carboxylic acid, Fmoc-1-
amino-1-cyclopentane carboxylic acid, and Fmoc-1-amino-1-cycloexane carboxylic acid.
Furthermore, we investigated the role of the ring dimension on the biological activity by the
replacement of Asp residue with Glu turning from 19-membered macrocyclic ring to 20-membered
ring (Table 1).
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Fig. 2. Melanocortin receptors and their functions.
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Table 1. Macrocyclic peptide library.
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Sequence
[Ac4c-His-Phe-Arg-Trp-Asp]-NH,
[Ac5c-His-Phe-Arg-Trp-Asp]-NH,
[Ac6e-His-Phe-Arg-Trp-Asp]-NH,

[Ac4c-His-Nal(2")-Arg-Trp-Asp]-NH,
[Ac5c-His-Nal(2")-Arg-Trp-Asp|-NH,
[Ac6e-His-Nal(27)-Arg-Trp-Asp]-NH,
[Acdc-His-D-Phe-Arg-Trp-Asp]-NH,
[AcSc-His-D-Phe-Arg-Trp-Asp]-NH,
[Ac6e-His-D-Phe-Arg-Trp-Asp]-NH,
[Ac4c-His-D-Nal(2")-Arg-Trp-Asp]-NH,
[Ac5e-His-D-Nal(2")-Arg-Trp-Asp]-NH,
[Ac6e-His-D-Nal(27)-Arg-Trp-Asp]-NH,
[Acdc-His-D-Phe-Arg-Trp-Glu]-NH,
[Ac5c-His-D-Phe-Arg-Trp-Glu]-NH,
[Ac6e-His-D-Phe-Arg-Trp-Glu]-NH,
[Acdc-His-D-Nal(27)-Arg-Trp-Glu]-NH,
[AcS5c-His-D-Nal(2’)-Arg-Trp-Glu]-NH,
[Ac6e-His-D-Nal(27)-Arg-Trp-Glu]-NH,

The synthesis was accomplished
using Fmoc chemistry in solid phase.
The first coupling was carried out
using Fmoc-Xaa(OAIl)-OH (Xaa:
Asp or Glu), activating groups, in
presence of Hunig’s base in DMF for
2 hours. After the elongation of
peptide on resin by standard solid
phase synthesis. The allyl protecting
group was removed by treating the
resin  with tetrakis(triphenylphos-
phine)-palladium (0) and NN*-
dimethylbarbituric acid in
DCM/DMF under nitrogen atmo-
sphere for 2 hours and the procedure
was repeat again. The side chain to
tail cyclization was carried out
directly on solid support using HBTU
as and Hunig’s base for 12 hours. The
peptide was released using a cocktail
of TFA/TIS/H,O (95:2.5:2.5, viviv)
for 3 hours. All crude peptides were
purified by RP-HPLC and the final
products were characterized by LC-
MS (Scheme 1).

Results and Discussion

In this study we prepared a number of
cyclic melanotropin analogues in
which an a,a-disubstituted amino
acids was used for the macro-
cyclization reaction. These com-
pounds conserve the core sequence
His-Phe-Arg-Trp which is respon-
sible for the biological activities. All
synthesized compounds were
evaluated for their binding affinities at
human melanocortin receptors in
competitive binding assays for their
potency in cAMP assays employing
the HEK293 cells expressing the
receptors. The results are reported in
Table 2.

In conclusion, we have designed
and synthesized new macrocyclic
melanocortin  ligands. The intro-
duction of an ¢,a-disubstituted amino

acids instead of 2-fluoro-5-nitro benzoic acid could be determinant to get additional selective
compounds at hMCRs. In this study, we evaluated the role of ring dimension in binding activity,
turning form 19- to 20- membered ring dimension. In fact, the preliminary biological data showed that
the ring dimension could have a key role on biological activity also in these series of compounds.
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Scheme 1. The synthesis was accomplished using Fmoc chemistry in solid phase.

Table 2. Biological results.

hMC1R hMC3R hMC4R hMC5R
Binding cAMP Binding cAMP Binding cAMP Binding CcAMP

ICygy (NM) EC50 ("M)  Act% I (nM) ECsq, (NM) Act% 1Cep (NM) ECq, (M) Act % ICep (MM} ECa (M) Act %
1 39.12 370 =100 NB >10000 =100 2380 217 =100 221 01 30
2 5.7 43.16 16.8 NB NA -209 1454 NA 30 1.93 <0.01 14.5
3 1748 60.89 285 NB NA 125 <0.01 NA 351 17.43 3.02 58
4 22.89 0.4632 24 NB NA 217 >10000 NA 433 1.82 <0.01 65.9
5 1.063 226.1 80 919.9 NA -14.8 39.1 NA 139 NB <0.01 725
6 >10000 1.223 331 NB NA -206 2584 3977 19.6 0.54 0.55 829
8 4906+400 17 100 279 51 100 1902 3N 100 NB NA 0
9 27444104 12 100 234 234 100 836 122 96 NB NA 0
10 125697 25 100 1006 34 50 783 3 70 >10000 1536 100
" 3303+297 13 100 61 33 68 590 0.52 67 1374 214 100
12 1583174 1 100 23 125 kil 449 34 a7 =10000 182 100
14 103663 39 100 11732148 0.93 100 1274 372 100 NB NA 0
17 3140414 34 100 2413 8.5 82 126 669 74 >10000 47 100
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