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ABSTRACT

Unit 1: The urokinase-type plasminogen activator receptBAR) is involved in the regulation of cell
migration. The uPAR is formed by three domains emted by short linker region. The Zehrg-Ser-
Arg-Tyr*? is the minimum chemotactic sequence of UPAR requio induce the same intracellular
signaling as result of its binding with formyl p&f# receptor (FPRs). With aim to perform a SAR
study on this sequence we have synthesized a pequtide library using phosphorylated amino acids,
non-coded amino acids, D-amino acid scan and cgdlaogues. A new two potent inhibitors of cell
migration, uPAR2 and uPAR18, have been identifeygtesented, respectivetly, by the analogue with

phosphorylated S&and the analogue with cyclic conformation.

Unit 2: Urotensin Il (U-11) is a cyclic peptid has been déised as the most potent vasoconstrictor
documented. The vasocontriction effect of U-Il iseault of the binding with its receptor UT recepto
The cyclic region of U-1l, [Cys-Phe-Trp-Lys-Tyr-Cyglays an essential role in terms of affinity for
UT receptor. We developed new two different libeariof U-Il analogues carried structure
modification on the peptide bond to explore new SA&h the cyclic region of U-Il. Peptoids
analogues represent the first library whose the slthin are appended kbatom rather than the-
Carbon. The second library represented by N-amifeoside analogues (azasulfurylpeptides), a class
of peptidomimetics, in which the,8 and the carbonyl are respectively replaced bitragen atom

and a sulfonyl group.
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UNIT 1

SYNTHESIS OF NEW UROKINASE RECEPTOR
PEPTIDE LIGANDS
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1. INTRODUCTION
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1.1.Urokinase system in cell migration

Cell migration is a central process in the develeptrand tissue repair by which cells move
from one location to another by adopting differembtility modes, such as mesenchymal,
amoeboid or collective migration, and the dysregoma of this process contribute to
numerous disorders. The harmonized movement of aelparticular directions to specific
locations is a crucial requirement for the tissaemfation. The ungoverned and often rapid
proliferation of cells can lead to an initially bgn tumour but it may carry a risk of turning
malignant cancer and metastasis. To counteractinvesive tumour cells migration, an
understanding of mechanism by which cells migraty tead to the development of novel
therapeutic strategies. Cells often migrate in sasp to specific external signals, including
chemical signals and mechanical signals. The exitraar matrix (ECM) is a complex of
extracellular proteins and polysaccharides secrétgdcells that provides structural and
biochemical support to the surrounding tissues. Tihieicate network of cel-ECM
interactions is crucial during development as veallfor normal function, remodelling and
repair of tissues during adult life [1]. Many priotg are involved in cell migration, including
chemoattractants and their receptors, cell adhasiolecules, proteinases, regulators of the
cytoskeleton and several signalling enzymes. Th&inase system is one of the important
networks involved in the regulation of cell migmatifor the presence of the urokinase-type
plasminogen activator receptor (UPAR) 3]. The binding of the urokinase-type plasminogen
activator (UPA) with uPAR convert the zymogen plasgen to serine proteinase plasmin,
the latter is responsible of fibrinolysis, facititey cell migration and to regulate ECM
proteolysis [4]. uPAR harmonizes the initiation sdveral intracellular signal-trasduction
pathways that involve cytosolic and transmembranades and cytoskeletal components with
other molecules (include vitronectin, members @f ithtegrin adhesion receptor superfamily,

caveolin and G-protein-coupled receptor (GPCR)).

The receptor of urokinase is expressed during tkkM Eremodelling, for example in
gestational tissue during embryo implantation ardcental development [5], and in
keratinocytes during epidermal wound healing [(AR expression also induced by stress,
injury and inflammation. uPAR is expressed in manoynan cancers including solid tumours,

leukaemias and lymphomas [Amportantly, uPAR expression in tumours can ocaur i
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tumour cells and/or tumour-associated stroma ¢&]|ssuch as fibroblastand macrophages
[9]. There is increasing evidence that the urokinase-tglasminogen activator receptor
(uPAR) which is expressed by a wide variety of hitegic cells, including monocytes and

macrophages, plays an important role in leukoaogteuitment following inflammation [10].

1.2. Structure, ligands binding and regulation of AR

The receptor for the urokinase-type plasminogeivatcr (UPAR) is a widely recognized
master regulator of cell migration and uPAR is the minimal sequence required to induce
cell motility. uPAR is a member of the lymphocytélfy-6) superfamily of proteins that are
characterized by the Ly-6 and uPAR domain, alstedahree-finger fold [11]. The uPAR
domain folds into a globular structure with 5-6ipatallel -strands linked by 4-5 disulphide
bonds [12].The uPAR consists of a single polypeptide chairBb8 amino acids, with a
molecular weight of about 55 kDa, highly glycosgl&tand organized into three domains D
(amino acids 1-77), l(amino acids 93-177) and,damino acids 193-272) which is a GPI-
linked membrane, are characterized by the presehphylogenetically conserved cysteine
residues that form intramolecular disulfide bridgegure 1A). The N-terminal Dcontains
the primary binding site with high affinity for thdomain growth factor-like of uPA (GFD)
(Figure 1B).

uPAR domains GPI anchor
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Figure 1. (A) Amino acid sequence of uPAR: betweenadd O there is a chemotactic sequenf8RSRY?
which is pride of many proteases. (B) StructureuBfAR: consists of three domains connected to plasma
membrane by GPIl-anchor, Eontains the uPA-uPAR binding site.

The domains B and Oy participate in the formation of the pocket that@omodates the
uPA, increasing the affinity for the ligand, probaby stabilizing the tertiary structure of the
D, and appear to be involved in the binding to viectim (Vn) (Figure 2) [13]. Between
domains Dand Oy exists a chemotactic sequerBef®-Arg-Ser-Arg-Ty?, active also in form
of synthetic peptide. This sequence promotes dgjtation and formation of protrusions of F-
actin in uPAR-independent, FPR-dependentarfib-dependent.

The vitronectin-binding site of uPAR is found in &nd the Dy linker. Trp?, Arg®® 1€
(in D), Arg”* and Tyr?(in the D-Dy, linker) are crucial residues for binding to vitemtin in
its N-terminal somatomedin B (SMB) domain [14]. #sown in Figure 2, the binding sites of
uPA and vitronectin are distinct, therefore, uPA& csimultaneously bind both ligands,
allowing coordinated regulation of proteolysis,|@dhesion and signalling. Importantly, in
terms of crosstalk between ligands, binding of tBAIPAR enhances vitronectin binding by
uPAR [15].

Figure 2. Urokinase-type plasminogen activator receptor [BPAinding sites. The binding of the ligand
urokinase-type plasminogen activator (UPA; alsovkm@as urokinase) and the somatomedin B (SMB) doro&in
vitronectin. The three-dimensional structure of &R Avith domains coloured. The uPA-binding siteoisdted in
the central cavity formed by the concave arrangeméthe three domains and the vitronectin (SMB)dimg
site [13].

Cleavage sites.Soluble uPAR (suPAR) originates from cleavage artbase of the
membrane-bound uPAR, and is present in plasmag,usinod, serum and cerebrospinal fluid
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[16]. suUPAR is the soluble form of the urokinase-typespl@mogen activator receptor (UPAR)
released from the cell membrane by cleavage betwiksn membrane-anchoring GPI-
molecule and R (Figure 3). This cleaved receptor with two domam§ be referred as
SUPAR_ [17].

On the other hand, cleavage in the-D) linker uPARs.g2 by proteases (Figure 3), such as
uPA, plasmin and MMPs, creates a solublegrBgment and a pB-Dy; fragment that can be
membrane associated or shed. uPA-uPAR bound cameclegeighbouring uPAR molecules,
therefore, clustering of uPA-uPAR complexes throu@Pl-anchorage and lipid raft
partitioning accelerates this process. OverturmhgPA and vitronectin binding and integrin
interactions [18] suggest that cleavage inhibitARRignaling. Indeed, association of uUPAR
with the mannose-6-phosphate receptor (M6PR; alsmwk as IGF2R) enhances uPA-
mediated cleavage of uPAR and inhibits uPAR-induitedour cell migration and invasion
[19]. Cleavage also inhibits endothelial cell migratiorvitro. However, cleaved uPAR might
signal through pathways independently of uPA, wiécin and integrins. The peptide
sequence S®Arg-Ser-Arg-Tyr? near the N-terminus of the,BD,, fragment, interacts
with the G protein-coupled receptor (GPCR) formgppde receptor-like 1 (FPRL1; also
known as FPR2), inducing cell migration [20]. Ancleavable uPAR mutant has been used to
discriminate pathways that are activated by fuligih uPAR and P-Dy, fragments.
However, the mutated residues lie in the vitromebinding site. It is therefore unlikely that

this mutant signals in the same way as wild-typaRIP
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Figure 3. Schematic representation of cleavage sites ofinask receptor. The GPIl-anchor links uPAR to the
cell membrane making it available for uPA bindighen the receptor is cleaved between the GPI-aramadr
Dy, it becomes soluble [21].

1.3. uPAR: a surface signaling receptor

The urokinase system consisting of the serine pset® urokinase-type plasminogen activator,
the membrane-bound receptor uPAR (also known CR8&d)the inhibitors of plasminogen-
activator type 1 and 2 which belong to the supeitfaraf the serpins (serine protease
inhibitors) [22]. Plasmin, a serine protease, isolmed in the dissolution of ECM and
basement membrane during tissue degradation. Toiegse is generated via the action of
plasminogen activators such as uPA or tPA (tisdasniinogen Activator) and can influence
tissue remodelling either directly or through aatign of latent collagenases. uPAR regulates
the activity of plasminogen system by binding teerge protease uPA and its zymogen form
pro-uPA. uPAR localizes uPA and pro-uPA to the seilface. Activated uPA cleaves the
zymogen plasminogen, generating the protease plasvhich cleaves and activates pro-uPA
[23].

Being GPl-anchored means lacking transmembraneiraratellular domains, uPAR must
cooperate with transmembrane receptors to activéitacellular signalling such as Formyl
Peptide Receptors (FPRs) and integrins, the legfmesent a major family of ECM receptors
involved in the signalling co-receptors of uPARdesnonstrated by Aguire et. al., in 2002
[24].
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Figure 4. uPAR role in the plasminogen activation systemA ubinding to its receptor uPAR cleaves
plasminogen, generating the active protease plasRlasmin can reciprocally activate pro-uPA. Thense
protease inhibitors (serpins) antagonize the ptgtieoactivities of uPA and plasmin. uPAR and itgands
interact with integrin co-receptors for intracediulsignal transduction. uPA also cleaves uPAR & lthker
between its first and second domains 4Bd 0)), generating a soluble, fragment and a membrane-associated
D,—Dy, fragment [13].

1.3.1. uPAR signaling through fMLP receptors or FPRs
The Di—Digs-274) UPAR fragment has been identified as an endogehgaisd for
FPR like-1 that is necessary and sufficient to m@ediD—Djyss-274-dependent
chemotaxis [20]. Binding of ¥RSRY’? sequence to the seven-membrane-spanning
domain FPRL1 receptor for fMLP has been reportegeggonsible of cell motility via
the high affinity FPR [18]. The ATF (urokinase amiterminal fragment) engagement
with its receptor further the ‘open’ conformatiohtbe linker $SRSRY®? even though
the previously reported ATF/suPAR/ATNG15 ternarynpbex structure suggests that
fair degree of flexibility of the linker is retaide[25]. This sequence promotes cell
migration tying the higher affinity than fMLP N¢formyl-Methionyl-Leucyl-
Phenylalanine, a peptide derived from bacteriathemotactic action) for FPR and
FPRL-1 receptors (Figure 5) [18In 2005 Gargiulo et al., provided evidence for
specific binding of to FPR and showed not only tR&R is a mediator of uPAR
signalling but also that SRSRY-triggered signallreguires changes g5 function.
The FPR activates a broad spectrum of fMLP-depdnsiequence cellular signalling
events, including changes cytoskeleton, motilitygd #KC activity [26]. Accordingly,
S¥RSRY* triggers FPR signalling by activating both PKC amd5 integrin, the
latter leads to ERK1/2 phosphorylation. As a resfltthe interaction with the
sequence chemotactic UPAR, the receptor FPR isnaliezed and active, with a
mechanism "inside out", the vitronectin receptdne Tatter interacts with the uPAR,
giving rise to a series of cascade reactions thénioate with the cytoskeletal

reorganization and cell motility (Figure 5).
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Figure 5. uPAR structure and signalling. The N-terminal domia, contains the binding site with high affinity
for urokinase. A short sequence of five amino ac&kr-Arg-Ser-Arg-Tyr (SRSRY), with a strong cheamwtic
activity, connects the domains &d O,. The uPAR focuses on the cell surface proteolytiivity uPA. Both
forms of membrane-soluble ones can expose, aftéeqtic removal of the Dchemotactic a sequence capable
of activating the receptors for fMLP (FPRs). Aseault of the interaction with the sequence chenticta® AR,
the receptor FPR is internalized and active, witlhexhanism "inside out", the vitronectin recepfiite latter
interacts with the uPAR, giving rise to a seriescakcade reactions that culminate with the cytesékl
reorganization and cell motility. Such signals rbayinhibited by specific inhibitors of the sequerbemotactic
[27].
1.3.2. uPAR signaling through integrins
Being a membrane surface receptor, many studiesvrsitbat uPAR signalling
requires interaction with others co-receptors saghintegrins. Interestingly, integrins
seem to confer specificity tthe signalling output of uPAR. Peptides can inhibit
uPAR-integrine co-immunoprecipitation and cell siimg if correspond to the
integrin sequences. Regions in the uPAR might form a corresponding binding site
for a3p1 and o5p1 [28, 29], and the Pmight be involved in the uPAR binding to

a5B3 integrin [30].

uPAR-£1 integrin signalling.a5B1 integrin is a fibronectin receptor andpl integrin
is a laminin receptor. uPARL integrin interactions promote Tyr phosphorylatif
FAK, leading to activation of the Ras-ERK pathwayj[uPAR-1 integrin signalling
to ERK and Src increases the expression of uPA&s through AP1 transcription
factors (Figure 6A, B) [32]. This suggests that &Pgignalling througlBl integrins

can contribute to invasion by increasing pericaliyroteolysis.
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uPAR-£3 integrin signalling. avp3 integrin has been demonstrated to be crucial in
UPAR signalling and can be co-immunoprecipitatetth wPAR [33]. Boths uPAR and
B3 integrin bind vitronectin, with uPAR recognizititge SMB domain anfi3 integrins
the Arg-Gly-Asp sequence of vitronectin. The uPBR4integrin interaction has an
important role in the signalling for cell migratidirough activation of the Rho family
small GTPase Rac (Figure 6C). Interestingly, Weale in 2007 has suggested a
direct pathway linking uPAR31 integrin interactions to Rac activation in soned c
lines[34]. This pathway was activated by cell adbredo fibronectin throughu5p1
integrin. However, several other studies have fotnad uPAR-driven Rac activation
and cell morphology changes do not occur on fibeting35]. The reasons for this
discrepancy are unclear, and the potential for iplaltpathways mediating Rac
activation by uPAR remains a possibility thatimgler investigation.

uPAR-5 vitronectin receptor.The involvement ofavp5 integrin in the uPAR
signaling SRSRY-dependent migration on Vitrone€t/n)) coated surfaces. In 2005
Gargiulo et. al.,, shown the important role of thytkeetic form of SRSRY in the
integrin activation. The important role ofvf5 in mediating SRSRY-dependent
signaling is indicated by several lines of evider(e@ the SRSRY-dependent mitogen
effect occurs on vitronectin-coated filters, but oo filters that are uncoated or coated
with collagen, laminin, or fibronectin; (b) ant¥$5 antibodies block SRSRY-
dependent migration and cytoskeletal rearrangeméaoisexposure to the synthetic
form of SRSRY inhibit cell adhesion to vitronectand (d) treatment of cells with the
synthetic form of SRSRY results in increased phaisissociation between uPAR and
avp5 [27].
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Figure 6. uPAR-integrin signalling. A) B) Urokinase-type gfainogen activator receptor (UPAR) signals
through a5p1and a3p1 integrins in fibroblasts, kidney epithelial cdihes and some carcinoma cells. uPA
binding to uPAR is required for signalling throuflh integrins. C) The uPARS3 integrin interaction has an
important role in the signalling for cell migratitétrough activation of the Rho family small GTP &= [35].
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2. STRUCTURE-ACTIVITY RELATIONSHIP STUDIES
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2.1. suPAR crystal structure and uPAR conformations

In the last decade has been provided significamaracements in perception of the structure-
function relationships in the urokinase plasminogetivator receptor. This progress has
primarily been fuelled by the advent of an incragsaumber of crystal structures of uPAR in
order to further SARs. suPAR is the soluble fornthef urokinase-type plasminogen activator
receptor which is a GPI-linked membrane proteigyFé 7). The soluble form (SuPAR) is
released from the cell membrane by cleavage betviksn membrane-anchoring GPI-
molecule and the attached,OFigure 7). As already reported, SUPAR consistshoée
homologues domains (DDy, and DOy), while the secondary structure consists of 17
antiparallelp-strands with three shosthelices. Furthermore, the linker region conneciing
and O,-Dy (Sef®-Arg-Ser-Arg-Tyr?) is protease sensitive and thus an important seguia
suPAR’s molecular regulation. The domains of suP&id@ assembled in a right-handed
orientation generating a concave shaped receptbr avspace between @nd ;. In 2006
Huai et al., found that the,[domain showed a rotation of 2Q.&hile the Dy, remained in
the same orientation suggesting high flexibility @fPAR inter-domain organization [36].
SuPAR and uPAR have slightly different conformasi@md that this might affect the cleavage
of the linker region $RSRY*? [37]. The conformational change does not occuhiwithe
three domains but rather in the linker regiciRSRY’? connecting the Pwith D;-Dy;.
However, an antibody raised to a peptide comprisgsgdues 84-94, which constitutes a part
of the linker-region, recognizes uPAR but not suF8R]. Cleavage of uPAR does not only
occur at the GPIl-anchor portion of the protein, &lgb within the actual receptor. The linker
region connecting Pwith Dy contains uPA-cleavage site (see Figure 3), bQODL Hayer-
Hansenet al., demonstrated that the soluble fanntontrast to the membrane-bound form,
was not cleaved by uPA. This finding confirms tlypdthesis that SUPAR, can act as uPA
scavenger. The same authors, have also demonstinateq is required for efficient binding
of vitronectin. The five residues identified asot spots for vitronectin binding forms an
epitope consisting of two loops connecting the m@@nfiour stranded3-sheet in UPAR D
(Trp*?, Arg™®, and 11€%) as well as a region of the flexible linker-regioonnecting uPAR P
and DOy (Arg®* and Tyr? [38]. To further investigate the chemotactic pedies of SUPAR,
Fazioli et al., have constructed truncated supRARmutants by cleavage of recombinant

SuPAR with chymotrypsin to identify the chemotaalig active region. Fragments which
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containing the SRSRY sequence (residues 88-92) exshavchemotactic effect and this
sequence promoted chemotactic properties both witeeent on the C-terminus, as in
SuPAR, and when present in the N-terminus, as in suRARFigure 7) [39].

Not chemotactic Chemotactic Not chemotactic
SRSRY-sequence covered SRSRY-sequence exposed SRSRY-sequence deaved

~~-SR-

‘)Q (7 ?SRSRY (3 -SRY
Soluble ~ T —® > ,“V
Locatedin body fluids SuPAR,y \Ll' suPAR SUPARy
GPI-
ancher b | suPAR,
cleavage
~~SR-
Membrane-bound WPAR,; TT a SRSRY “ " SR-SRY
Attachedwith GPI-anchor ; + uPA | ‘?' ' o

Cd
GPI- uPARy uPAR
snchor 0 !
0.0 (8]0 | olee) 3 olofofolefaleriiiiiiiv uiiieiiini[ofo slololae olololsalo o[slo[o[o: b[s[o[s elo]sls[o ols]

v

Cellmembrane

Figure 7. sUPAR release and cleavage and SRSRY role. THediwpontal line of molecules represents the three
variants of suUPAR that are soluble, while the buttworizontal line of receptors is the membrane-ltbuRAR-
variants. Only the cleaved uPAR/suPAR illustratedhwintact SRSRY-sequence are believed to have
chemotactic properties

According to the model proposed by Gardsvoll, thdtisdomain uPAR reversibly populates
discrete conformational states “open” and “closéukit differ in their capacity to induce
lamellipodia on vitronectin-coated surfaces (Fig8jd40]. In the absence of uPA, a sizable
fraction of the glycolipid-anchored uPAR adopts‘apen conformation”, which is unable to
induce lamellipodia. uPA binding to the central ibawrives the receptor into a closed
conformation with an accompanying increase in iisomectin-dependent signalling (see

Figure 8). Obviously, any perturbation of this didpmium, shifting it towards the open uPAR
conformation.
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Open conformation Intermediate conformation Closed conformation

mR1, RS &R9

R3, R21 & VIM-5
W32A
R3, R21 & VIM-5

Trapping open conformation Inhibition by direct interference with Vn binding

Figure 8. uPAR conformational switch. The equilibrium betwedbase states “open” and “closed” is sensitive to
engagement of different ligands.

Crystallographic studies have shown greater fléiiybof the complex LD, than QD
UPAR activated by its ligand, undergoes a confogmat change that sees the domain D
rotate on the axis of the domaing-Dy; (Figure 9A) [40]. The main protagonists of the
conformational change are: the interaction betwsdmmains D1 and f and the loop130-140
in the domain . While the portion ATF uPAR binds the central pmmtformed by all three
domains, SMB binds the outer side, at the interfaesveen Dand 0y, not perturbing the
structure of the binary complex uPAR-ATF.

89° ypAR™
¢ a %ﬁ‘i

uPA HATC-NZC
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Figure 9. Structural flexibility of uPAR. (A) The engagemenftuPA with its uUPAR see Dotate on the axis of
D, and O,. The crystalline structure in the form of uUPAR Hige length of about 2.4A°, while in a bound form
to the amino-terminal fragment of uPA, a length3dA°. (B) Displacement of the linker region (amiacid
residues GIn78-Tyr92), connecting domains dhd Di of suPAR upon ATF binding.The epitope with
chemotactic attributes (amino acids %8atyr®®) is show in red and positions susceptible to hiydis by various
proteases are indicated with arrows [41].

2.2. S3RSRY®?

One of the most noticeable aspects in the confoomatchange by the engagement of uPAR-
ATF is a readjustment of highly mobile amino acédiment (GIfE- Tyr"®) connecting Pand
Dy. In 2006 Barinka et al., has demonstrated thasgaial rearrangement makes the linker
more susceptible to the hydrolysis by various @sts (Figure 9B) (including plasmin, uPA
or matrix metalloproteases) and as well it convérésstrong chemotactic epitope $ekrg-
Ser-Arg-Tyr?from its cryptic form to the form easily accessieinteractions with an fMLP
receptors [41]. Although the ‘open’ conformation tife GIi®-Tyr*? linker observed in
structure results from the crystallographic corgdittween different molecules of receptor, it
likely represents a preferred conformation of tim&dr in the complex between suPAR and
ATF.

Previously, by Ala-scan study, as a first appraach SAR study, has been shown that the last
four residues of the sequence chemotactic uPAR®-8eg-Ser-Arg-Tyr? are essential for
chemotactic activity [27]In 2008 Bifulco et al., five Glu-scanned SRSRY péptanalogues
were synthesized and tested for their ability wnpote or to prevent directional cell migration
in Boyden chambers. Interestingly, the additionSef-Arg-Glu-Arg-Tyr (Figure 10A) and
SRSRY caused 31% of inhibition of HEK 29 cell migwa. This finding suggest that the
central core Arg-Glu-Arg may be relevant to theiliiion of cell migration. While the control
peptide H-Ala-Arg-Ala-Arg-Tyr-OH did not exert amgffect, pGlu-Arg-Glu-Arg-Tyr-OH and
H-Glu-Arg-Glu-Arg-Tyr-OH caused 100pM concentratioat 45% and 30% inhibition,
respectively. Furthermore the C-terminal amidatetide pERERY-NH trigged 70%
inhibition at 100pM concentration. It is known tti (88-183) uPAR fragment binds to FPR
or FPRL1 through the SRSRY sequence [42]. pERERY-Nires the same binding site
with SRSRY on the FPR and prevents: (a) binding @ifiorescent fMLF analogue to RBL-
2H3/ETFR cell surfaces; (b) fMLF-directed cell nagon of RBL-2H3/ETFR cells stably
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expressing FPR; (c) agonist-dependent FPR inteatadn and ERK1/2 phosphorylation.
These remarkable effects are due to its bindindpeoFPR. It has been the assessed whether

pPERERY-NH interferes with the ability of fMLF to evoke anciease an intracellular €a

concentration.
(A)
(B) NH, Arg”!
Glu®’ AN H O\_NH Tyr
Serd® HO.__O H2 2
HO
P -
H,N N
H
Pro”*
NH
Arg® HN)\NH2 HN NH; Arg® HN™

Ser88 OH

Figure 10.Peptide structures derived by the substitutioBe®with Glu (A) and Pro(B).

To investigate the structural requirements for thisbitory effect, in 2009 Carriero et al., has
investigated about the conformation preferencehef Arg-X;-Arg-X, sequence (X any
amino acid; %: Tyr, Phe, Trp) [43]. The conformations of the segce Arg-X-Arg-X; have
been investigated using the Protein Data Bank (PBRjure 11A shows the percentage of
Arg-X;-Arg-X; sequences with-turn orp-extended conformation for each amino acid at the
X1 position.Ser® is present in 26 structures with an about equsttiiution among the three
different classes of conformations. This suggedtsit tArg-Ser-Arg-Tyr could be
accommodated either in anturned orp-extended conformation. On the other hands, , &lu i
observed 26 times in anturn conformation. Cys is observedasturn conformation in two
of three structures only. These findings allowedtasconclude that the Arg-Glu-Arg-X
sequence might be the best candidate to obtain @acntprned structure. Figure 11D depicts
the superposition of the-turned structure in Arg-Glu-Arg-Tyr sequences. Tdxurned
structure has the following characteristics: anmatic residue is spatially flanked by two
basic residues (Arg), and a Glu residue is oppdsitthe aromatic residue. Overall, these

theoretical findings prompted us to examine thédgjcal properties of RERXpeptides (X
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Tyr, Phe, Trp). Furthermore, to avoid the pertugbieffects of the end charges on the
conformational preferences, has been synthesizadrminal acetylated and C-terminal
amidated RERW, RERY, and RERF peptides. RERF ekén& strongest inhibition and was
further characterized for its conformational prefeses and biological activity. The
conformational preferences of RERF were investiydig circular dichroism and nuclear
magnetic resonance spectroscopy. RERF with fem@muancentration interferes with FPR
biological activity either by inducing FPR interization or by blocking agonist-FPR
interaction and migration. In addition, RERF digplaome conformational flexibility,
preferentially adopts asturn (Figure 11E).

|
R R RIS 9T
IIIII I
.

KNDATRGSL | FVHMWYP

% Occurrence
m I
O G
s ] ]

Figure 11. Structural analysis. Analysis of the conformatiopgeferences of Arg-X1-Arg-X2sequences (X1=
any amino acid, X2= Phe, Tyr, Trp) as found in subset of the PDB.Columns, percentage of occurrefiee
turned (black columnspg-extended (grey columns), and all the other stmestwhite columns) for each amino
acid (single-letter codes) at the X1 position. Tdeeurrence of each amino acid at the X1 positioal$®
indicated on the top as percentage of the total.

In 2012 Bifulco et al.has presented significant advancement that thetisutm of Set®in
the uPAR chemotactic sequence with Pro enhanceisigoiggered FPR activation and
internalization, increases cell adhesion onto Vd &avours uPAR/Vn association (Figure
10B). In contrast, the substitution of Bewith Glu residue prevents agonist-triggered FPR
activation and internalization, decreases bindimgand cell adhesion onto Vn and inhibits
UPAR/VnR association (Figure 10A). These findingsaver an inherent switch localized on
Ser®that potently affects UPAR activity [44]. The arsi$yof the conformational preferences

adopted by uPAR chemotactic sequence shows thidueeSet’ is positioned in a critical
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“hinge”, which possibly influences the conformari of nearest residues (Figure 12A). This
study confirms that S& with its surrounding chemotactic sequence is afuth UPAR
function and provides further support to the get@naof uUPARs_g-derived peptides, as

drugs targeting uPAR function.

- ® g 9 z
x x Wwow a
£8:2228¢8¢8
E =2 % 0o o 0 »
. . B
—_—

C Mean Fluorescence Intensity (x10°)
mock wt-1 wt-3 S90E-3 | S90E-4 | S90P-G | S90P-N
NIS | 1.04+0.1 | 1.1+0.2 | 1.02+0.1 | 1.02+0.01 | 1.09+0.1 | 2.04+0.1 | 2.06+0.3
R4 5+2 93+3 58+5 67+1 85+2 63+3 85+5

SARSIP-G
%EPAR 3
¥,

Figure 12.uPAR carrying S90E and S90P substitutions. A:*Aagd TyP? superposition of the backbone atoms
of the various 88-92 segments of SUPAR from x-tayctures. Residue 89 is not visible in the electensity
map of 1YWH. Side chains are reported as stick, #agjdues are in blue. Backbones are reportedbasiri
drawing: Yellow, 2I9B, chain E and F, residues 83-Red, 3BT2, chain U, residues 88-92; Mauve, 1YWH,
chain E, residues 89-92; Cyan, 1YWH chain M, re=sd89-92; Purple, 1YWH chain A, residues 89-92.B.
Lysates (25 mg/sample) from 293 stably transfeeitter with pcDNA3 empty vector (293/mock) or pcDBIA
coding for human uPAR (293/uPARwt, uPARS, uPAR &P ), were resolved on a 10% SDS-PAGE followed
by Western blotting with R4 anti-uPAR or anti-av ieAC. Cytofluorimetric analysis of the indicatedldy
transfected 293 clones with R4 anti-uPAR mAb orimonune immunoglobulins. D. Representative images of
the indicated stably transfected 293 clones immstaged with anti-uPAR R4 mAb.
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3. NEW S8 RSRY?ANALOGUES
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Peptides are, however, often ill-suited for usedasys, because of physicochemical and
pharmacological properties, including limited sk#piand short half-life, conformational
flexibility, which may carry interactions with midte receptors leading to undesired side
effects. In the last decade the role of the chettiosequence ¥RSRY’? became more clear
in pathways of urokinase receptor (see paragrahi. 2 the first part of the present thesis, |
developed new analogues of the chemotattic sequEfiBSRY? for acquiring information
on structure-activity relationship, to stabilize esflic conformations, constricting into
macrocylic conformation and to improve to improvepmacokinetic aspects of peptides such

aslow stability, and short half-life.
3.1. Phosphorylated ¥RSRY?? Analogues

The role of Séin the chemotattic activity of*8RSRY*? sequence is crucial for the pathways
of UPAR. Protein phosphorylation plays a centrdé nm neural and hormonal control of
cellular activity [45-47]. Phosphorylation and depphorylation of proteins represents one of
the most widespread and important reactions inrégellation of cellular process. Specific
Serine residues in the substrate become phosplenylay the action of a protein kinase
which catalyses the transfer of phosphate groupltipier basic amino acids, particularly
arginine, at the phosphorylation site are preretpsisfor an appreciable rate of the
phosphorylation by cyclic AMP-dependent proteindsa [48]. Significantly, arginine forms
stable complexes with orthophosphate esters dubket@wombined influence of electrostatic
interaction and hydrogen-bonding [49, 50]. Therefdris plausible that such interactions
could occur on the phosphorylated peptides, thdynplosphorylated serine residue forming
interaction with one or more adjacent argininedess, thus inducing a conformation change
in the product. Such interactions would be morelk&eavith lysine and histidine. The first
library of peptides of the present thesis whiclynteesized hold the phosphorylated serine
one time in position 90 and another in 88 (Table The preparation of phosphorylated

peptide analogues has been accomplished by sagephethod.

Table 1.Phosphorylated Peptide Library:
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Name Sequence

uPAR1 H-Ser-Arg-Ser-Arg-Tyr-NH,
UPAR2 H-Ser -Arg-Ser-Arg-Tyr-NH,
uPAR3 H-Ser-Arg-Ser-Tyr-Arg-NH,

3.2. Linear S®RSRY®? Analogues

To develop effective ligands of the uPAR, it is esxary to know the structure-activity
relationships (SARs) of the natural molecule inadetn the case of a short peptide like the
S®RSRY, D-amino acid scan can be a useful strategy tee@se our knowledge about the
SARs for this peptide. Replacement of each reslipeats optical isomer provides useful
information regarding the stereochemical requirdse each position in the sequence and
the location of possible turn conformations as a@ytain turn types can accommodate both
L- and D- residues and still place the amino aai@ €hains in the same relative position in
three-dimensional space [51]. Retro-synthesis teptesent another of the most important
tools for developing SARs, and following this crite have been synthesised retro-peptide
analogues. In addition, the role of Atgand Ard* has been investigated by providing
analogues with Orn residue in position 89, posittdnand both. In Table 2, | reported the
library of peptide analogues described in the preparagraph which were synthesized by

standard Fmoc chemistry in solid phase.

Table 2.Linear Peptide Library:
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88
NH, R9°

W@LOH

Peptide Sequence

uPAR4 H-DSer-Arg-Ser-Arg-Tyr-NH
uPAR5 H-Ser-DArg-Ser-Arg-Tyr-NH
uPAR6 H-Ser-Arg-DSer-Arg-Tyr-N|-2|
uPAR7 H-Ser-Arg-Ser-DArg-Tyr-NH
uPARS H-Ser-Arg-Ser-Arg-DTyr-NH
uPAR9 H-DSer-DArg-DSer-DArg-DTyr-NH
uPAR10 H-DTyr-DArg-DSer-DArg-DSer-NI—2|
uPAR11 H-Tyr-Arg-Ser-Arg-Ser-NI—2|
uPAR12 H-Ser-Orn-Ser-Arg-Tyr-NH
uPAR13 H-Ser-Arg-Ser-Orn-Tyr-NH|
uPAR14 H-Ser-Orn-Ser-Orn-Tyr-N|2—|
uPAR15 H-Ser-Orn-Glu-Arg-Tyr-NH
uPAR16 H-Ser-Arg-GIu-Orn-Tyr-Nl—!
uPAR17 H-Ser-Orn-Glu-Orn-Tyr-NH

3.3. Cyclic $*'RSRY? Analogues

Cyclic peptides have been used in medicine foruwresd and constitute a class of compounds
that have made significant contributions to thatireent of several diseases, including cancer.
Cyclic peptides present several advantages aspdhgia agents, such as: low toxicity
resulting from peptide degradation, minimized acalation of peptides in tissues, and low
cost of manufacturing [52]. Additionally, linear gie&dles possess many conformations in
solution and this flexibility often relates to paslectivity for biological targets. One strategy
to limit a peptide’s flexibility is the cyclizatigrtypically preserves biological properties of
peptides and increases their resistance to degvadatd elimination [53]. Cyclizing a linear
peptide is an useful technique to reduce theiramonétional freedom, and potentially improve
binding affinity towards a target. Thus, | have thysized a library containing cyclic peptides

(Table 3) of the $RSRY*? peptide, changing also the order of amino acid eeceL This
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library of cyclic peptide was performed to investig the role of S&t in the constricted
conformation by the cyclization of analogues withopphorylated serine and glutammic
residue to have a clear comparison with RERF amalqgee paragraph 2.2.). It has been
investigated also the role of the aromatic moiggytte replacement of T3t with Phe, Trp,
Nal(1) and Nal(2). Finally, have been synthesizgdic analogues with Orn instead of Arg
residue in position 89, position 91 and in bothifmss.
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Table 3.Cyclic S°RSRY*? Analogues:

'2/ NH HN\L
R NH HN °

o%\/ H \TH\ R89

R® O

Peptide Sequence
uPAR18 [Ser-Arg-Ser-Arg-Tyr]
uPAR19 [Ser-Arg-Ala-Arg-Tyr]
uPAR20 [Ser-Arg-Arg-Ser-Tyr]
uPAR21 [Arg-Ser-Ser-Tyr-Arg]
uPAR22 [Ser-Arg-Ser-Arg-Tyr]
uPAR23 [Ser-Arg-Ser-Arg-Tyr]
uPAR24 [Ser-Arg-Ser-Tyr-Arg]
uPAR25 [Ser-Arg-Glu-Arg-Tyr]
uPAR26 [Glu-Arg-Ser-Arg-Tyr]
uPAR27 [Glu-Arg-Glu-Arg-Tyr]
uPAR28 [Ser-Arg-Ser-Arg-Phe]
uPAR29 [Ser-Arg-Ser-Arg-Trp]
uPAR30 [Ser-Arg-Ser-Arg-Nal(1)]
uPAR31 [Ser-Arg-Ser-Arg-Nal(2)]
uPAR32 [Ser-Arg-Glu-Arg-Phe]
uPAR33 [Ser-Arg-Glu-Arg-Trp]
uPAR34 [Ser-Arg-Glu-Arg-Nal(1)]
uPAR35 [Ser-Arg-Glu-Arg-Nal(2)]
uPAR36 [Ser-Orn-Ser-Arg-Tyr]
uPAR37 [Ser-Arg-Ser-Orn-Tyr]
uPAR38 [Ser-Orn-Ser-Orn-Tyr]
uPAR39 [Ser-Orn-Glu-Arg-Tyr]

uPAR40 [Ser-Arg-Glu-Orn-Tyr]




4. SYNTHETIC STRATEGIES
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4.1. Linear peptide synthesis

The synthesis of ¥RSRY* linear analogues was accomplished on solid-phasmctBu
strategy, using Fmoc-Rink amide linker resin agdsslipport (Scheme 1). The first step was
to remove Fmoc protecting group with piperidined@2s DMF; 1 x 5 min and 1 x 25 min)
and the first amino acid "NFmoc-Tyr(tBu)-OH (3 equiv) was coupled to the negi the
presence of HBTU (3 equiv), HOBt (3 equiv), DIEA &juiv) in DMF for 2h at room
temperature. The resin was washed with DMF (3x) @&/ (3x). The N-Fmoc protecting
group was removed from the Tyr residue as aboverteg, then the resin was washed with
DMF (3x). A positive Kaiser ninhydrin test was obgsd. The following protected amino
acids were added stepwise to synthesize the deséggences for peptidePAR1-17: N*-
Fmoc-Zaa-OH, (Zaa = Arg(Pbf), Ser(tBu), Ser(RB©, D-Ser(tBu), D-Arg(Pbf), D-
Tyr(tBu), Orn(Boc), Glu(OtBu)). Each coupling otian was accomplished using a 3-fold
excess of amino acid with HBTU (3 equiv) and HOBteQquiv) in the presence of DIEA (6
equiv). After the coupling, the peptide-resin waasthed with DCM (3x) and DMF (3x). The
Fmoc deprotection protocol described above wasatedeand the next coupling step was
initiated in a stepwise manner. The Kaiser test usesl as colorimetric test to confirm every
coupling/deprotection step occurred in the pepsielguence elongation. Analytical HPLC and
MS spectrometry monitored the achievement of lirssmuences for the compounds uPAR1-
17. The N-terminal Fmoc group was removed as destrabove. The resin was washed with
DMF (3x) and DCM (3x) and drieish vacuo The peptide was released from the solid support
and all protecting groups were cleaved using atedcf TFA/TIS/H,O (95:2.5:2.5, viviv)
for 3 h. The resin was removed by filtration ance ttrude peptide was recovered by
precipitation from the filtrate using chilled digtkether to give a white powder, which was
purified by RP-HPLC using a semi-preparative Cl8dsal silica column (Phenomenex,
Jupiter 4p Proteo 90A, 1.0 x 25 cm) with a gradi@nmethanol and water containing 0.1%
TFA (from 0 to 90% over 40 min) at a flow rate 0@ 5nL/min. The product was obtained by
lyophilization of the appropriate fractions aftemoval of the Methanol by rotary evaporation
under reduced pressure. Analytical RP-HPLC indatat®5% purity and the correct

molecular ions were confirmed by LC/ESI-MS.
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25% piperidine Fmoc-Tyr(tBu)-OH
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Q—n
N—Fmoc
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ji/ T([ ji/ T([ Peptide: Ser-Arg-Ser-Arg-Tyr

HoN NH H2N NH
Scheme 1.Linear peptide synthesis in solid phase.
4.2. Cyclic peptide synthesis

Cyclic peptides were synthesized by a combinatiosotution synthesis and Fmoc chemistry
solid-phase approach. There are four ways to ansta peptide into macrocyclic
conformation:side chain to side chain, side chain, head todail head to side chain to tail
(Figure 13) [54].

H,N COH

R?=R!

Side chain-to-side chain

Head-to-side chain Head-to-tail

Figure 13. Strategies for peptide macrocyclization.
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In the present thesis we reported two types ofethescrocyclizationddead to tailcyclization
(Scheme 2) was carried out using a 2-chlorotritgsiR (0.312g, 0.8mmol/g), swelled for 30
minutes in dichloromethane (DCM). The first conpgliwas carried out using 1.0 equivalent
of N*-Fmoc-Tyr(tBu)-OH, dissolved in 5mL of DCM. The amiacid solution was added to
2-chlorotrityl Resin. To this mixture was added Equivalent of DIPEA, agitated in the
shaker for 10 minutes then 1.5 equivalents of DIRi%e added. The mixture was agitated
vigorously for 60 minutes. To endcap any remainmeactive 2-chlorotrityl groups, a mixture
of DCM/MeOH/DIPEA (80:15:5, v/v/v) was added andxed for 30 minutes. For removing
the Fmoc protecting group from the first amino athe resin was suspended in 25% solution
of piperidine in dimethylformamide (DMF) (1x5 miragt and 1x20 minutes). The following
protected amino acids were then added stepwisel-mibc-Ser(tBu)-OH and NFmoc-
Arg(Pbf)-OH. Each coupling reaction was accomplishising a 3-fold excess of amino acid
with HBTU (3eq) and HOBt (3eq) in the presence 6éq) of DIPEA. The RFmoc
protecting groups were removed by treating thegatet! peptide resin with a 20% solution of
piperidine in DMF, (1x5 minutes and 1x20 minuteBhe peptide resin was washed three
times with DCM and the next coupling step was &téd in a stepwise manner. The peptide
resin was washed with DCM (3x), DMF (3x) and therdéection protocol was repeated after
each coupling step. The N-terminal Fmoc group weasoved as described above. The peptide
was released from the resin with a mixture of DCMDM/Trifluorethanolo (TFE) (80:10:10,
viviv) for 1 hour, keeping all the side-chains paiing groups intact. The resin was removed
by filtration and the crude linear peptide was kezed by precipitation with cold anhydrous
diethyl-ether to give a pale yellow powder. Theeln peptide was dissolved in 10 mL of
DCM/DMF 1:1 under stirring, 2.4 equivalents of DiREvas added and allowed to preactive
for 15 minutes, then HOAt (1.2 equiv.) and HATUZ Equiv.) were added and the resulting
reaction mixture was stirred until the completioh reaction (determined by thin layer
chromatography) for 12 hours (Scheme 2). At thiswpthe side-chains protecting groups
were removed using a solution of TFA 50% in DCM (2Q) to afford the crude peptide.
Crude peptide was recovered by precipitation fram filtrate using chilled ether to give a
powder, which was purified by RP-HPLC using a spmaparative C18-bonded silica column
(Phenomenex, Jupiter 4p Proteo 90A, 1.0 x 25 cnth wi gradient of MeOH and water
containing 0.1% TFA (from 0 to 90% over 40 minjdlow rate of 5.0 mL/min. The product
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was obtained by lyophilization of the appropriatacfions after removal of the MeOH by
rotary evaporation under reduced pressure. Analy®P-HPLC indicated >95% purity and
the correct molecular ions were confirmed by LCHNS.

-

o
1. Fmoc-Tyr(tBu)-OH leq 1. Capping m
DIEA 1.eq, 10min DCM:MeOH:DIEA
C'Q - > H,N 00
2. DIEA 1.5¢q, Th 2.25% Piperidine in DMF Standard SPPS
2-CTC resin o
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H H H H
N Pbf HN N-Pbf HNYN*be N Pbf
cl NH
“leavage
CH3COOH:TFE:DCM
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HoN HoN i H
o
J< 40\ i
HN N AN
Yy NH
NH 7

Cyclization fo) 0

HOBt, HBTU TFA:DCM o "
DIEA 12h (o \j\NH H OH

o
lo} NH HN
ﬂ o
Pbf. 0
HN HZNW

uPARIS
Scheme 2Synthesis of uPAR181ead to tailcyclization.

Cyclizationhead to tailwas also accomplished using microwave irradiatfecheme 3). After
the elongation of the peptide on resin with san@quol reported above. The peptide was
cleaved from the resin with a mixture of DCM/AcORH (80:10:10, v/v/v) for 1 hour,
keeping all the side-chains protecting groups infBlee linear peptide was dissolved in 10mL
of DCM/DMF (1:1) in microwave vessel 20mL underrstig, 2.4 equivalents of DIPEA was
added and HOAt (1.2 equiv.) and HATU (1.2 equwere added and the resulting reaction
mixture was stirred under microwave irradiation ids minute at 75C (Scheme 3). The
cyclization was monitored by LC-MS. At this poittitet side-chains protecting groups were
removed using a solution of TFA 50% in DCM (20mb) dafford the crude peptide. Crude
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peptide was recovered by precipitation from thedié using chilled ether to give a powder,
which was purified by RP-HPLC using a semi-prepaeatC18-bonded silica column

(Phenomenex, Jupiter 4p Proteo 90A, 1.0 x 25 cnth wi gradient of MeOH and water
containing 0.1% TFA (from 0 to 90% over 40 minjdlow rate of 5.0 mL/min. The product

was obtained by lyophilization of the appropriatactions after removal of the MeOH by
rotary evaporation under reduced pressure. Analy®P-HPLC indicated >95% purity and
the correct molecular ions were confirmed by LCHNS.

Boc

= S

11 )\_

Scheme 3Cyclization head to tail in microwave irradiation

The second way of macrocyclization carried outhia present thesis side chain to tail
(Scheme 4)The building block R-Fmoc-Orn-OAll was synthesized in solution. Thenswa
insert in solid phase using 2-chlorotrityl Resin3(®g, 0.8mmol/g) and the same protocol for
the first coupling above. After the elongation loé tpeptide on the resin, the Allyl protecting
group was removed using Pd(BRRIOMBA in DCM:DMF (1:1) for 2 hours per two times.
The N-terminal Fmoc group was removed as descabede. The cyclization was carried out
by HOBt (3eq), HBTU (3eq) and DIEA (6eq) for 12 h®{Scheme 4)The cyclization was
monitored by LC-MS. At this point the side-chapretecting groups were removed using a
solution of TFA 50% in DCM (20mL) to afford the e peptide. Crude peptide was
recovered by precipitation from the filtrate usiciglled ether to give a powder, which was
purified by RP-HPLC using a semi-preparative Cl18dsal silica column (Phenomenex,
Jupiter 4p Proteo 90A, 1.0 x 25 cm) with a grad@itleOH and water containing 0.1% TFA
(from O to 90% over 40 min) at a flow rate of 5.@/min. The product was obtained by

lyophilization of the appropriate fractions aftenroval of the MeOH by rotary evaporation
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under reduced pressure. Analytical RP-HPLC indtat®5% purity and the correct
molecular ions were confirmed by LC/ESI-MS.

NH NH NH,

0
O /';‘i DIEA O TFA 50% in DCM O o
S 1 °
. 30min reflux . 0
0,
O O 92% O 14 4%
Cl
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Figure 4. Synthesis of uPAR3&ide-chain to taikyclization.
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5. RESULTS AND DISCUSSION
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5.1. Linear analogues: results
5.1.1. Biological Data

HEK293 Cells Migration/uPAR The ability of phosphorylated peptides was tedtzdthe
motility basal cell embryonic kidney HEK-293 traesfed with the cDNA/UPAR [55]. As
shown in Figure 14A (blue bars), none of the pestidested, when used as a chemo-
attractant, has shown to have chemotactic itsédierdfore, we investigated the ability of
peptides uPAR1, uPAR2 or peptide control uPAR3 tadifly the response of HEK-293
cells/uPAR to a gradient consisting of 10 nM or A fMLP SRSRY. In this case, the
peptides were tested at a concentration of 10 mid,the results expressed as percentage of
cells that had migrated in the absence of chemotgridient (basal migration, considered to
be 100%). uPAR1 reduced cell migration induced M®P SRSRY and, respectively, 41%
and 55%, while the peptides uPAR2 and uPAR3 resm#tsncapable of producing any effect
(Figure 14A). The inhibition of cell migration inded by fMLP peptide uPAR1 is dose-
dependent, starting already in the range femtoradad reaches the maximum effect (56%
inhibition) at 1nM (Figure 14B). The set of resuitsnfirms the role of S&tin regulating cell
motility and identifies the peptide uPAR1 as a gassnhibitor of cell migration regulated by
UPAR.
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Figura 14. (A) Effect of peptides derived from the sequenderootactic uPAR88-92, containing the
phosphorylated serine, on the cell migration of HEX3 / uPAR. (B) The inhibition of cell migrationduced by
fMLP peptide uPARL1 is dose-dependent, startingaalyen the range femtomolare and reaches the mawimu
effect (56% inhibition) at 1nM
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UPAR expression in human osteosarcoma cells and rah@sarcoma.Before testing the
effect of the peptides in question on the motiifyhuman chondrosarcoma cells, we assessed
the levels of expression of uPAR on the same antvorcontrol lines Saos-2 and U20S. The
cells examined were grown on glass coverslips tihélsemi-confluence, fixed, exposed to
monoclonal anti-uPAR R4 and finally incubated watfiti-mouse immunoglobulin conjugated
with fluorescein isothiocyanate. The fluorescengsnaiated with the cells was visualized by a
microscope equipped with UV. Cells Saos-2 and UBBRC express uPAR mainly localized
on the cell surface (Figure 15A). Although thiseygf analysis is only qualitative it should be
noted that the cells express SARC greater amounP&R on the surface. To confirm the
expression of UPAR and analyze the different levelas carried out an experiment in
Western Blot. For this purpose, 50 mg/sample df lgshtes were separated by SDS-PAGE,
transferred to a filter and analyzed for the lewdlsPAR Western Blot. The data confirm that
the cells expressing uPAR SARC greater extent tharlevels observed in lysates of U20S
and Saos-2 cells (Figure 15B).

B

-~ . . UPAR
ﬁa-tubulina

SARC  CTLmAb

Figure 15. uPAR expression in human osteosarcoma cells lamldcosarcoma.

Effect on the migration in human osteosarcoma antiandrosarcoma cellsThe ability of
phosphorylated peptides was tested to inhibit tb&lity induced by the chemotactic peptide
SRSRY or FBS, the latter used as a source of vartiemoattractants. For each line, the
migration of cells exposed to DMEM alone, in theetfce of chemoattractant, was considered

100% (basal migration) and cell migration versusSBR or FBS, with or without peptides
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was calculated as a percentage of 100%. As showrigare 16A, the Saos-2 cells that
express lower levels of uPAR have reduced abilityrdspond to a gradient SRSRY. In
contrast, cells SARC respond very well to the slimwf SRSRY (300% of basal migration).
uPAR3 have no effect. On the other hand, uPARd uPAR2 produce a reduction in motility
SRSRY-dependent cell U20S, Saos-2 and SARC. Hoywengle the peptide uPAR2 reduces
migration of U20S cells, Saos-2 and SARC vs SRSR¥ non-statistically significant, that
induced by the peptide uPARL is significant at p08Q for all three lines tested (Figure 16A).
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Figure 16. Effect of peptides derived from the sequence chaatic uPAR88-92, containing the serine
phosphorylated on cell migration of human osteasascand chondrosarcoma.

The ability of cells to invade chondrosarcoma a nudayer of endothelial cellsWe created a
monolayer of endothelial cells following with thastrument it reached 100% confluence
(Figure 17A). To this point (after ~ 22 hours), IseBARC were filed on endothelial
monolayer and added peptides uPAR1, uPAR2 or dopeptide uPAR3 (all tested at a
concentration 10 nM), or DMEM. The impedance véoiad were recorded for further 5-6
hours. Already after 2 hours of cell SARC, the ichgece values recorded have appeared
reduced. This indicates that the cells have pratl&RC discontinuity (invasion) in the
endothelial monolayer (Figure 17B). In the presevicine peptide uPAR1 such variations are
significantly lower than those recorded in the alsseof peptides, in the presence of the
peptide uPAR2 and control uPARS3, indicating thateed, the peptide uPARL1 reduces the
ability of cells to invade SARC (break) the monaapf endothelial cells (Figure 17B).
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Figure 17. Effect of peptides derived from the sequence chaatic uUPAR88-92, containing the phosphorylated
serine, on the ability of the human chondrosarcoelis to invade a monolayer of endothelial cells.

5.1.2. Discussion

All chondrosarcomas may recur locally, but only soshow high propensity to produce
metastasis. To date, the lack of valid parametdits prognostic significance does not allow
to predict the evolution of the disease, or thgaasiveness to treatment. This can cause
delays in diagnosis or diagnostic errors with drigeneonsequences on the natural history of
the disease. Chondrosarcoma generally metastdsyzelood. So there is the real possibility
that drugs that reduce the motility of tumour celled their ability to pass into the blood
stream, may be usefully employed in the treatméaggressive chondrosarcoma.

In the lab where my compounds are tested a primatyre of human chondrosarcoma whose
cells express high levels of uPAR surface had lggmarerated by enzymatic digestion of a
tissue biopsy from a patient with high-grade chosdrcoma. These cells secrete soluble
forms of UPAR containing the sequence chemotaeif®-®rg-Ser-Arg-Tyr? [56].

It is well known that S&f is critical to the regulation of the functionsud®AR [44], and when
this residue is replaced by a glutamic acid theltieg peptide acquires a structureottelix

and inhibits dramatically uPAR cell migration, irsi@an and angiogenesis [57].
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Based on these considerations, we hypothesizedbttwphorylation of S& could “force”
the conformation of chemotactic sequence in a campar a-helix, unable to promote cell
migration. Phosphorylated SBrcould mime Glu residue by suitable synthetic sggtthat
consists in the phosphorylation of Selim@osition 88 and in position90. These peptideszwe
tested in order to evaluate its effect on migratjmoliferation and invasive ability of cells of
human chondrosarcoma. We have identified the peptllAR1 as potent inhibitor of cell
motility SARC. These inhibitory effects are dosegeedent, are already beginning to
femtomolare concentrations and the concentratioM Yfeduced by 56% cell motility induced
by the chemotactic peptide fMLP. In addition, treppde uPARL1 significantly reduces the
ability of cells to invade a human chondrosarcomscular endothelium.

Chondrosarcoma is radio-resistant and is not seadib chemotherapy (Staals EL et al., D.
Heymann, 2010). In treatment of high-grade chorahamsna with worse prognosis for the
frequency of local recurrence and metastases, wér@duced chemo- and radio-adjuvant
therapies but, to date, have not been shown to hasignificant impact on morbidity and
mortality of patients with advanced disease. Heheeneed to develop, especially for cases of
chondrosarcoma that at onset presenting with meatigy grade intermediate and / or high,
new drugs directed against specific molecular targeble to control local recurrence and the

development of metastases.

The dataset allows us to consider the sequence tfPARs possible molecular target for
designing molecules that are able to inhibit th@dgical activity, prove to be antagonists of
neoplastic progression. Moreover, in light of thetadobtained, we can consider the peptide
uPAR1 as valid prototype for the development of newnpounds able to counteract the

progression of chondrosarcoma.

5.2. Cyclic analogues: results
5.2.1. Biological, stability and conformational Da&

uPAR18 is a ligand of FPR1 in THP-1 cells andbith their migration in a dose dependent
manner. Once documented that uPARb8Nteracts the fMLF-induced and FPR1-mediated
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signaling, we investigated its effect on the mutibf monocytes. We found that THP-1 cells

exposed to 10nM fluorescent FPR-agonist at 4°Gzaked an appreciable binding which was

dramatically reduced by an excess of unlabeled fMBRSRY or uPARS, but not by the
control peptidartPAR21 (Figure 18A).
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Figure 18.Cyclic SRSRY peptide binding to FPR1.

When binding experiments were performed at 37°QRFBppeared mainly localized within
the cytoplasm, adjacent but outside the nucleusH®-1 cells. Internalization of fluorescent
agonist was dramatically reduced in all cell popatawhen THP-1 cells have been exposed
to an excess of unlabelled fMLF, or uPARwhereas the control uPAR21 peptide did not
exert such effect (Figure 18B). Although we did determine the binding affinity of uPAR

for FPR1, our findings indicate that, uPARpeptide inhibits fMLF/FPR1 interaction and
prevents agonist-induced FPR1 internalization irPTHcells.

The ability of uPARS to affect THP-1 cell migration was analyzed in Bey chambers
using 10 nM fMLF or 10nM SRSRY as chemoattractaNtst surprisingly, 10 nM fMLF and
SRSRY elicited a considerable cell migration, réag211% and 172% of the basal cell
migration, respectively. uPAR reduced monocyte migration toward 10 nM fMLF orrild
SRSRY by 58% and 68%, respectively, whereas theR2PAlid not exert any effect (Figure
19A). Inhibitory effect of UPARS was dose-dependent, it starts in the high fM raingeems

to level off in the uM range and reaches an ové&s@o reduction at 10 pM (Figure 19B).
Interestingly, a dose-dependent inhibition is eegrby uPARS8 also on cell migration of
THP-1 monocytes differentiated into macrophage$ Wik, value 10 pM (Figure 19C). The
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mechanisms by which monocytes move when subjeotacchemoattractant gradient, involve
changes in cytoskeletal organization, which provid¢h protrusive and contractile forces
necessary for cell migration. To gain some insight® the cellular effects exerted by
uPAR18, PMA-differentiated THP-1 cells were growdharent onto a glass slide, exposed to
diluents, 10 nM fMLF gradient plus/minus 10 nM uP¥&Ror 10 nM uPARI in a DUNN
chamber for 6 hours as described [58], and theimestawith rhodamine-phalloidin. Cells
subjected to the fMLF gradient alone (None) or rdixe uPAR22 control peptide exhibited
an elongated morphology and recognizable alignetiysions associated to locomotion in the
70% cell population. Vice versa, the addition ofARA8 to the fMLF gradient reduced cell
elongation and alignment with the appearance oftif-dinear distribution along the plasma
membranes in the 60% of cell population (Figure 19Ihese findings indicate that unlike
linear SRSRY, the cyclic form of the chemotactigusence of uPAR inhibits monocyte

motility in a dose dependent manner.
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Figure 19. uPAR18 inhibits monocyte and macrophage cell ntignain a dose-dependent manner causing a
marked inhibition of fMLF-dependent cytoskeletalomganization .

Effect of the uPAR18 peptide on trans-endothelialgration by THP-1 cells.Diapedesis of

leukocytes plays a key role in the pathogenesimftdmmatory diseases and migration of
monocytes from the blood into the sub-endothelpglce is one of the earliest events [59].
Since THP-1 cells are considered a good model falyaing molecular events during
monocyte diapedesis, we investigated the effectsPéfR18 on the number and morphology

of THP-1 adhered to an endothelial monolayer. Plas&rast images revealed numerous
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THP-1 cells interacting with HUVECSs, that decreasgmbn addition of uPAR18 (Figure
20A). THP-1 cells normally extend long pseudopaha lamellipodia once they are spread
on top of the endothelium. To examine the changesdrphology in more detail and quantify
monocytes interacting with endothelial monolayee performed a subset of experiments
using GFP-tagged THP-1, labeling co-cultures fackn and recording images by a confocal
microscope. In the presence of diluents, or uPARZAR-tagged THP-1 cells formed F-actin
rich lamellipodia and pseudopodia (arrows) whictagpeared when GFP-tagged THP-1 were
exposed to 10 nM uPAR18 (Figure 23B). Z-stack asialypf confocal images revealed
transmigration of THP-1 cells underneath the emelatm (Figure 23B). In contrast, when
uPAR18was added to the co-culture, the majority of THR«dre seen to rest on top of
endothelial cells (Figure 20B). Also, in the presewnf uPAR18, the number of GFP-THP-1
cells interacting with endothelial monolayer waslueed by a 40%, (Figure 20C). These
findings indicate that uPAR18 not only prevents omyte interaction with endothelium but
also reduces their trans -endothelial monocyte atiigm. To further ascertain if the observed
uPAR18-dependent impairment in migration may afféens-endothelial migration by
monocytes, the ability of THP-1 cells to cross adathelial monolayer was analyzed using
the XxCELLigence RTCA technology in which impedacbanges are caused by the presence
of cells as described. HUVECs were allowed to growil they formed a monolayer for 24
hours prior to seeding THP-1 cells in the presesfcE0% FBS plus/minus uPAR18. At this
time, reduction of impedance values, due to invgdiells that interrupt monolayers were
monitored in real-time for 10 hours. As shown igufe 20D, THP-1 cells were able to cross
endothelial monolayers. A 35% reduction of endadh@honolayer integrity was achieved by
the addition of 10 nM uPAR18. Taken together, thda& indicate that FPR1-mediated
uPAR18 inhibitory effect involves a marked inhibition ofytoskeletal re-organization

occurring during locomotion and trans-endotheliggnation of monocytes.
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Figure 20.The [SRSRY] peptide prevents diapedesis and teadsthelial migration of THP-1 cells.

Peptide StabilityThe stability of SRSRY and uPAR18 was investigateduman serum. As
shown in Figure 2lalready after one hour of exposure to serum, SR@RY uPAR18
peptides had a residual concentration lower tHf# @nd 85%, respectively. After 24 hours,
uPAR18showed a residual concentration higher tHe# &hile for compound SRSRY the
concentration was lower 50% (Figure 21).
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Figure 21. Stability of SRSRY and uPAR18 peptides in humamrse The green arrow represent the peptide
and the black one represent the degradation.
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CD Analysis.We investigated the conformational preferenceshefdyclic peptide uPAR18

using circular dichroisnn different solvents with different temperatureowever, uPAR18

has demonstrated to be unstructured peptide irtieolgFigure 22). Thus, one of the our

priority is NMR studies to explore the conformatbpreferences of our peptides.
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Figure 22.CD analysis of cyclic peptide. The spectra dataalestrated ton be unstructured peptides

5.2.2. Discussion

As reported previously, uPAR plays an importanterah the regulation of leukocyte
trafficking [60]. We and others have shown that ttepability of uPAR to trigger cell
migration depends on it8Ser-Arg-Ser-Arg-Ty# chemotactic sequence even in the form of a
synthetic, linear peptide (SRSRY). Herein we prevalidence that the cyclization of the
Sef®-Arg-Ser-Arg-Tyr? chemotactic sequence of UPAR generates a newdpepRAR18
exerting opposite effect on cell migration, as camed to its linear form. uPAR18 is a new
potent inhibitor of monocyte locomotion with §Cvalue of 0.01 nM. Moreover, uPAR18
displays higher resistance to enzymatic digestisncampared to RERF [61]. We have
previously reported that, similarly to fMLF, SRSRYomotes cell migration upon interaction
with the G protein-coupled FPR1. SRSRY triggers EP&ctivation by inducing its
internalization [62]. Now, by competition experinterwith a fluorescent fMLF structures
analogue we show that an excess of uUPAR18 compatte$MLF and SRSRY for binding to
FPR1, and prevents agonist-induced FPR1 intern@iizeOur findings suggest that the linear
and cyclic structures of the uPAR chemotactic segeeould share the same binding site on
FPR1, although they exert opposite effects on wgeilility. Alternatively, as the ligand

binding pocket of FPRs consists of several keydress located in different trans-membrane
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helices, it is possible that uPAR18/FPR associatiay affect SRSRY and/or fMLF adjacent
binding. Regarding the specific affinity of uPARI8r its target, labeled uPAR18 is
unavailable to us, and therefore we could not dater the affinity of uPAR18 for FPRL1.
How uPAR18 interacts with FPR1 remains to be ingagtd. In this respect, uPAR18 could
act as an inverse agonist by shifting, upon bindm&PR1, the active state of the receptor
toward the inactive one. This issue is relevantivo for potential therapeutic applications,
since inverse agonist effects are associated witbptor activation and inactivation, whereas
neutral antagonism produces no effect when admem@dtalone, but blocks the effects of

agonists and inverse agonist [59].

Activation of FPRs results in increased cell mignat phagocytosis, release of pro-
inflammatory mediators, and the signaling cascadmmioates in heterologous desensitization
of other receptors including chemokine receptorsREGind CXCR4. uPAR expression
regulates the adhesive and migratory ability of ®R4cxpressing cells through a mechanism
involving FPR1 [63]. Thus, by interacting with aridy of exogenous and host-derived

agonists, FPRs constitute a novel group of phartogmal targets.
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6.

CONCLUSIONS
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The urokinase-type plasminogen activator recept®AR) is the master regulator of cell

migration. The uPAR is formed by three domains emted by short linker region. The &er

Arg-Ser-Arg-Tyr? is the minimum chemotactic sequence of uPAR reguio induce the

same intracellular signaling as result of its bigowith formyl peptide receptor (FPRs). With

aim to perform new structure-activity relationshgtudies of the chemotattic sequence

S¥RSRY?, | synthesized a peptide library using phosphoedaamino acids, non-coded

amino acids, D-amino acid scan and cyclic analogdeeein | summarized all goals achieved

by the first part of the present thesis:

Phosphorylated peptides have been demonstratedvi® &n efficient binding with

FPRs binding and significant activityyPAR1 represent a potent inhibitor of the
migration of HEK-293 cells/luPAR-induced chemotagteptide fMLP SRSRY and in

a dose-dependent, inhibits the migration of humlaondrosarcoma cells expressing
high levels of uPAR and reduces the ability of hambhondrosarcoma cells to invade
a monolayer of human endothelial cells. These figgliconfirm the phosphorylation
of Ser® could mime the GI. In addition,uPARL1 represent a new analogue with

higher affinity and potency in comparison with RE&¥alogue.

Depending on its functional groups, a peptide carcyxlized in four different ways:
head-to-tail(C-terminus to N-terminushead-to-side chairside chain-to-tailor side-
chain-to-side-chainin the present thesis we reportezhd to tailandside chain to tail
cyclization. Since this cyclic peptidd?AR18 inhibits cell migration by antagonizing
FPR1 biologic activity, it may be considered ase@ potent and stable FPR1 inhibitor
which may suggest the generation of new pharmam@bdreatments for diseases
sustained by a chronic excess of cell migratiorthsas chronic inflammatory and

cancer.
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7.

EXPERIMENTAL SECTION
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6.1. Material and Methods

N“-Fmoc-L-Orn-OAll was synthesized according to htiere methods [64]. Allyl bromide,
and 1,3-dimethylbarbituric acid (NDMBA), all were ugghased from Aldrich.
Tetrakis(triphenylphosphine)palladium, was purcldasem Aldrich and washed with ethanol
prior to use. Amino acids, Fmoc-Ser(tBu), Fmoc-18u), Fmoc-Trp(Boc), Fmoc-Orn(Boc),
Fmoc-1Nal, Fmoc-2Nal, Fmoc-Arg(pbf), Fmoc-Phe, Frie8&er(tBu), Fmoc-D-Tyr(tBu),
Fmoc-D-Arg(pbf) and coupling reagents such as HBEard HOBt, all were purchased from
GL Biochem, and used as received. The re$t eFmoc-protected amino acids, HBTU and
HOBt were purchased from GL Biochem (China), andedusas received.N,N'-
Diisopropylcarbodiimide (DIC) was purchased fromdAth and used as received. 2-
Chlorotrityl chloride resin and Rink amide resinrei@urchased from GL-BioceHffy and the
manufacturer’s reported loading of the resin wasdum the calculation of final product
yields. Microwave irradiation was performed on @ 3@W Biotage apparatus on the high
absorption level; temperature was monitored autwedft. Flash chromatography was on
230-400 mesh silica gel. Thin layer chromatographg performed on silica gel 6@skplates
from Merck™ .Accurate mass measurements were performed on M$-instrument from
Agilent technologies in positive electrospray i@tisn (ESI) mode at the University of
Naples Federico Il Mass Spectrometry facility orddyi0 Quadrupole, Agilent Technologies.

Sodium adducts [M+N&jwere used for empirical formula confirmation.
6.2. Peptide Stability

The stability of SRSRY and [SRSRY] was investigaitecdhuman serum. The peptides were
incubated at 37°C in human serum at a concentratfoh0?mol/L. Aliquots (100mL) of
serum were removed at time points varying from,02,14, 6, and 24 hours and acetonitrile
(300mL) was added to each aliquot before centmigdil3000 rpm, 15 min). Aliquots (100
mL) of the supernatant were then analyzed by RP@&Rfter passing through Phenomenex
Luna 100A C18 5y, linear gradient from 0-100% aui¢tite over 25 minutes.

6.3. CD experiments

CD spectra were obtained at room temperature oasaoJJ-815 dichrograph. Data were

collected at 0.2nm intervals with a 10nm/min scaeesl,a 2 nm bandwidth and a 16 s
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response, from 250 to 190 nm; quartz cells of @2path length were used. Samples were
prepared in 2.0 mM (pH = 7.2) at 0 and 40% trifmethanol (TFE), at 10-40% HFA, in DPC
and SDS. Peptide concentrations were in the rarfige’G 0.129 mM, as determined by the
absorbance at 265 nm £ 103 M! cm™) for uPAR18. CD intensities are expressed as mean

residue molar ellipticities (deg érdmol™ res?).
6.4.Cell lines

Rat basophilic leukaemia RBL-2H3, and RBL-2H3/ETé®lIs [25] were grown in DMEM-
10% FBS. Human monocytic leukemia THP-1 cell lipar€hased from the American Type
Culture Collection) was cultured in RPMI 1640 medjusupplemented with 10% heat-
inactivated fetal bovine serum (FBS), penicilli®Q pg/mL) and streptomycin (100 U/mL).
Human umbilical vein endothelial cells (HUVECSs),tabed from Lonza (C2519A, Lot #
0000115425), which provided a certificate of anialyer each cell lot, were grown in Eagle
Basal Medium (EBM) supplemented with 4% FBS, 0.1%ntgmicin, 1 pg/mL
hydrocortisone, 10 pg/mL epidermal growth factod a2 pg/mL bovine brain extract
(Cambrex) [26]. All cells were maintained in an agphere of humidified air with 5% G@t
37°C.

6.5. Differentiation and generation of GFP-transfeted THP-1 cells

THP-1 differentiation into macrophages was inducsthg 160 nM phorbol-12-myristate
acetate (PMA) purchased by Sigma Aldrich for 72reodo generate Green Fluorescent
Protein (GFP)-tagged THP-1 cells, 2 X’ bells were resuspended in 300 pl complete RPMI
1640 medium containing 20 mM Hepes and incubatéd Sviig pEGFP-N1 vector (Clontech)
for 5 minutes on ice before being electroporated 320 V, 1500 pF. Following
electroporation, cells were kept on ice for 5 masuthen grown in 20 mL media for 24 hours.
Then, G418-resistant cells expressing the higleesid of GFP were isolated and amplified.

6.6. Fluorescence microscopy

THP-1 cells (2x16cells/sample) were incubated with the indicatedabeled peptides for 30
minutes at 37°C and then exposed to 10 nM FITC-fMlilkted in PBS for 30 minutes at
37°C as described [25]. To analyse cytoskeletadmmation, PMA-differentiated THP-1 cells
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were fixed and permeabilized with 2.5% formaldeh@dE% Triton X-100 in PBS for 10
minutes at 4°C, washed in PBS and then incubatéil @viL pg/mL rhodamine-conjugated
phalloidin (Invitrogen) at 23°C for 45 minutes. &fl cases, slides were mounted using 20%
(w/v) mowiol, cells were visualized with an Axio¥&?00M Inverted Fluorescent Microscope

(Carl Zeiss) and images were taken with a videocame
6.7. Western blot

Cells (1x16/sample) were exposed to diluents or 10 nM fMLFsphinus 10 nM [SRSRY] at
37°C for the indicate times and then lysed in RIRAfer (10 mM Tris pH 7.5, 140 mM
NaCl, 0.1 %SDS, 1% Triton X-100, 0.5% NP40) contagnproteaseinhibitor mixture.
Protein content of cell lysates waseasured by a colorimetric assay (BioRad). Thirty-
nanograms of proteins were separated on 10% SD3PA@d transferred onto a
polyvinylidene fluoride membrane. The membranese blocked with 5% non-fat dry milk
and probed with 2 pg/ml anti-phospho-ERK1/2 monoaloantibody. Total ERK1/2 was
assessed by re-probing filters with 2 pg/ml ralaiti-ERK1/2 monoclonal antibodies, all
purchased by Cell Signaling. In all cases, washkerSd were incubated with horseradish
peroxidase-conjugateghti-rabbit antibody and detected by ECL (Amersham)

6.8. Chemotaxis Assay

Migration of THP-1 or PMA-stimulated THP-1 cells svassessed in Boyden chambers
(Neuroprobe) as described [18)ell suspension (2 x}@iable cells per mL serum-free RPMI
1640 medium) was seeded in each upper chamber.rLcveenbers were filled with RPMI
1640 medium containing 10 nM fMLF (Sigma-Aldrich) 80 nM linear SRSRY peptide, as
chemoattractants with/without [SRSRY] or [RSSYR}tpees, the last used as a scramble,
control peptide. The two compartments were sepéitagean uncoated om pore size filter, in
the case of THP-1 cells, or by a collagen-coat€dumL for 2 hours at 37°C) 8m pore
size polycarbonate filter (Neuroprobe) for PMA-atlated THP-1 cells. Incubation, carried
out at 37°C in humidified air with 5% GQvas 90 minutes for THP-1 cells, and 3 hours for
PMA-stimulated THP-1 cells. At the end of the assaslls on the lower filter surface were
fixed with ethanol, stained with haematoxylin an@ random fields/filter were counted at

200x magnification.
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6.9. Dunn-chamber assay

PMA-stimulated THP-1 cells were seeded on 20x20 oawverslips for 24 hours. Before
inverting the cover slip on top of a double conderthamber, cells on the cover slip covering
the outer chamber were carefully scraped away edqursly described [25]. A gradient of a
chemoattractant was created by placing serum-fredium in the inner chamber and 10 nM
fMLF with/without [SRSRY] or [RSSYR] peptides indtouter chamber. The ring separating
the inner and outer chambers permits slow diffudi@tween the chambers. For control
experiments both wells were filled with serum-fraedium. After 6 hours, the coverslip was
removed from the chamber and the cytoskeleton wasblzed by staining with rhodamine
conjugated phalloidin. A total of 100 cells/samtiiat translocated to the area corresponding
to the outer well were examined with a fluoresceineerted microscope and images were

taken with a videocamera.
6.10. Monocyte diapedesis

Analysis of monocyte diapedesis was performed leglisgg GFP-tagged THP-1 cells on an
endothelial monolayer according to Ronald et al].[3o provide a substrate for monocyte
migration, sterile round glass coverslips (12 mmdiameter) were coated with matrigel
(Becton Dickinson) at a dilution of 1:8. The ma#iigvas air-dried at room temperature for 1
hour, followed by rehydration in EBM. HUVEC (5xX16ells in 20@l/well) were seeded onto
matrigel and allowed to attach for 3 hours at 378%, CQ. Coverslips were then flooded
with endothelial growth medium and incubated fofeatst 24 hours before the experiments
Then, GFP-THP-1 cells (1xi@ells/well) were exposed to diluents, or the iatkd peptides
in complete endothelial medium and added to endlathmonolayer at 37°C. After 30
minutes, slides were fixed, stained with rhodamoenjugated phalloidin and finally
analyzed using an inverted fluorescence microscOpeiovert 200,) or a confocal

microscope (LSM510), both purchased by Carl Zeiss.
6.11. Trans-endothelial migration assay

These assays were performed using E-16-well ptatdshe xCELLigence RTCA technology
(Acea Bioscience) as described [12]. Microelectsodiaced on the bottom of plates, detect
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impedance changes which are proportional to thebeurof adherent cells. The impedance
value of each well was automatically monitored iy XCELLigence system and expressed as
a Cell Index value. HUVECs (1x1@ells/well) suspended in growth medium, were seéde
E-16-well plates and allowed to grow for ~24 hourtil they form a confluent monolayer,
prior to seeding THP-1 cells (1xX1ells/well) in growth medium plus/minus 10 nM
[SRSRY]. When HUVECs are challenged with invadirgls; there is a drop in electrical
resistance within 2-10 hours which is monitoreddal-time as the Cell Index changes due to
invasion of the endothelial monolayer. The experiteewere performed twice in

quadruplicate.
6.12. Statistical analysis

The results are expressed as the means £ SD aofuthber of the indicated determinations.
Data were analyzed by one-way analysis of variamgk post hoc Bonferonni’'s modified t-

test for multiple comparisons. p <0.01 was accepgesignificant.

65



8.

CHARACTERIZATION
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UPAR1: Purified purity>95%; LC-MS analysis (gradient 0 to 90% MeOH in wgi@1%
TFA) over 15 min, flow rate of 1.0 mL/ming:t 7.99 min); LRMS chemical formula:
C,7H47N12011P, calculated mass [M+H 746.72, found: 747.98.

UPAR2: Purified purity>95%; LC-MS analysis (gradient O to 90% MeOH in wgi@1%
TFA) over 15 min, flow rate of 1.0 mL/ming:it 7.60 min); LRMS chemical formula:
C,7H47N12011P, calculated mass[M+H 746.72, found: 747.94.

UPARS3: Purified purity>95%; LC-MS analysis (gradient 0 to 90% MeOH in w&i@1%
TFA) over 15 min, flow rate of 1.0 mL/ming:t 7.57 min); LRMS chemical formula:
Cu7H47N1:011P, calculated mass[M+H 746.72, found: 747.96.

UPARA4: Purified purity>95%; LC-MS analysis (gradient O to 90% MeOH in wgi@1%
TFA) over 15 min, flow rate of 1.0 mL/ming:t 7.90 min); LRMS chemical formula:
C,7H46N120s, calculated mass[M+HI" 666.44, found: 667.79.

UPARS: Purified purity>95%; LC-MS analysis (gradient 0 to 90% MeOH in wgi@1%
TFA) over 15 min, flow rate of 1.0 mL/ming:t 7.30 min); LRMS chemical formula:
C,7H46N120s, calculated mass[M+H" 666.44, found: 667.79.

UPARG: Purified purity>95%; LC-MS analysis (gradient 0 to 90% MeOH in w&i@1%
TFA) over 15 min, flow rate of 1.0 mL/ming:t 6.99 min); LRMS chemical formula:
C27H46N120s, calculated mass[M+H" 666.44, found: 667.79.

UPARTY: Purified purity>95%; LC-MS analysis (gradient O to 90% MeOH in wgi@1%
TFA) over 15 min, flow rate of 1.0 mL/ming:t 7.99 min); LRMS chemical formula:
C27H46N120s, calculated mass[M+H" 666.44, found: 667.90.

UPARS: Purified purity>95%; LC-MS analysis (gradient 0 to 90% MeOH in wgi@1%
TFA) over 15 min, flow rate of 1.0 mL/ming:t 7.80 min); LRMS chemical formula:
C,7H46N1:0g, calculated mass[M+H" 666.44, found: 667.80.

UPARO9: Purified purity>95%; LC-MS analysis (gradient 0 to 90% MeOH in evaf0.1%
TFA) over 15 min, flow rate of 1.0 mL/ming:t6.98 min); LRMS for chemical formula:
C,7H46N120s, calculated mass[M+H" 666.44, found: 667.79.

UPAR10: Purified purity>95%; LC-MS analysis (gradient 0 to 90% MeOH in wg@& 1%
TFA) over 15 min, flow rate of 1.0 mL/ming:t6.98 min); LRMS for chemical formula:
C,7H46N120s, calculated mass[M+H" 666.44, found: 667.79.

UPAR11: Purified purity>95%; LC-MS analysis (gradient 0 to 90% MeOH in wg@&1%
TFA) over 15 min, flow rate of 1.0 mL/ming:t 7.29 min); LRMS chemical formula:
C27H46N120s, calculated mass[M+H" 666.44, found: 667.79.
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UPAR12: Purified purity>95%; LC-MS analysis (gradient 0 to 90% MeOH in wg&1%
TFA) over 25 min, flow rate of 1.0 mL/ming:t7.32 min); LRMS for chemical formula:
C26H44N1¢Os, calculated mass[M+H" 624.70, found: 625.77.

UPAR13: Purified purity>95%; LC-MS analysis (gradient 0 to 90% MeOH in wg@&1%
TFA) over 15 min, flow rate of 1.0 mL/ming:t7.80 min); LRMS for chemical formula:
C26H44N1¢Os, calculated mass[M+H" 624.70, found: 625.77.

uPAR14: Purified purity>95%; LC-MS analysis (gradient 0 to 90% MeOH in wg& 1%
TFA) over 15 min, flow rate of 1.0 mL/ming:t7.40 min); LRMS for chemical formula:
CsH42NgOs, calculated mass[M+H" 582.66, found: 583.86.

UPAR1S5: Purified purity>95%; LC-MS analysis (gradient 0 to 90% MeOH in wg@&1%
TFA) over 15 min, flow rate of 1.0 mL/ming:t6.99min); LRMS for chemical formula:
CugH46N1¢0s, calculated mass[M+H" 666.74, found: 667.84.

UPAR16: Purified purity>95%; LC-MS analysis (gradient 0 to 90% MeOH in wd@& 1%
TFA) over 15 min, flow rate of 1.0 mL/ming:t7.10 min); LRMS for chemical formula:
CagH4eN1¢0s, calculated mass[M+H" 666.74, found: 667.84.

UPARL17: Purified purity>95%; LC-MS analysis (gradient 0 to 90% MeOH in wg& 1%
TFA) over 15 min, flow rate of 1.0 mL/ming:t7.31 min); LRMS for molecular formula:
C27H44NgOs, calculated mass[M+H" 624.70, found: 625.79.

UPAR18: Purified purity>95%; LC-MS analysis (gradient 0 to 90% MeOH in wg@&1%
TFA) over 15 min, flow rate of 1.0 mL/ming:t8.22 min); LRMS for chemical formula:
C,7H43N110s, calculated mass[M+H" 649.71, found: 650.68.

UPAR19: Purified purity>95%; LC-MS analysis (gradient 0 to 90% MeOH in wg&1%
TFA) over 15 min, flow rate of 1.0 mL/ming:t8.30 min); LRMS for chemical formula:
C27H43N1107, calculated mass[M+H" 633.71, found: 634.74.

UPAR20: Purified purity>95%; LC-MS analysis (gradient 0 to 90% MeOH in wg@&1%
TFA) over 15 min, flow rate of 1.0 mL/ming:t8.50min); LRMS for chemical formula:
C,7H43N110s, calculated mass[M+H" 649.71, found: 650.78.

UPAR21: Purified purity>95%; LC-MS analysis (gradient 0 to 90% MeOH in wg@&1%
TFA) over 15 min, flow rate of 1.0 mL/ming:t11.4 min); LRMS for chemical formula:
C,7H43N110g, calculated mass[M+H" 649.71, found: 650.78.

UPAR22: Purified purity>95%; LC-MS analysis (gradient 0 to 90% MeOH in wq& 1%
TFA) over 15 min, flow rate of 1.0 mL/ming:t8.60 min); LRMS for chemical formula:
C27H44N11011P, calculated mass[M+H 729.69, found: 730.79.
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UPAR23: Purified purity>95%; LC-MS analysis (gradient 0 to 90% MeOH in wg&1%
TFA) over 15 min, flow rate of 1.0 mL/ming:t8.61 min); LRMS for chemical formula:
C,7H44N11011P, calculated mass[M+H 729.69, found: 730.79.

UPAR24: Purified purity>95%; LC-MS analysis (gradient 0 to 90% MeOH in wg@&1%
TFA) over 15 min, flow rate of 1.0 mL/ming:t8.44 min); LRMS for chemical formula:
C,7H44N11011P, calculated mass[M+H 729.69, found: 730.79.

UPAR25: Purified purity>95%; LC-MS analysis (gradient 0 to 90% MeOH in wq& 1%
TFA) over 15 min, flow rate of 1.0 mL/ming:t8.45 min); LRMS for chemical formula:
Ca9H1sN110o, calculated mass; 691.75, found: 692.76.

UPAR26: Purified purity>95%; LC-MS analysis (gradient 0 to 90% MeOH in wg@&1%
TFA) over 15 min, flow rate of 1.0 mL/min); LRMS rfahemical formula: @HsN110o,
calculated mass[M+H" 691.75, found: 692.86.

UPAR27: Purified purity>95%; LC-MS analysis (gradient 0 to 90% MeOH in wg& 1%
TFA) over 15 min, flow rate of 1.0 mL/ming:t8.99 min); LRMS for chemical formula:
Cs1H47N 11010, calculated mass[M+H" 733.78, found: 734.78.

UPAR28: Purified purity>95%; LC-MS analysis (gradient 0 to 90% MeOH in wg& 1%
TFA) over 15 min, flow rate of 1.0 mL/ming:t8.10 min); LRMS for chemical formula:
C27H43N1107, calculated mass[M+H" 633.71, found: 634.71.

UPAR29: Purified purity>95%; LC-MS analysis (gradient 0 to 90% MeOH in wg@&1%
TFA) over 15 min, flow rate of 1.0 mL/ming:t11.0 min); LRMS for chemical formula:
C29H44N 1207, calculated mass[M+H" 672.75, found: 673.78.

UPAR3Q0: Purified purity>95%; LC-MS analysis (gradient 0 to 90% MeOH in wq& 1%
TFA) over 15 min, flow rate of 1.0 mL/ming:t14.1 min); LRMS for chemical formula:
Cs1H4sN1107, calculated mass[M+H" 683.77, found: 684.79.

UPAR3L: Purified purity>95%; LC-MS analysis (gradient 0 to 90% MeOH in wg@&1%
TFA) over 15 min, flow rate of 1.0 mL/ming:t9.6 min); LRMS for chemical formula:
Cs1H4sN1107, calculated mass; 683.77, found: 684.79.

UPAR32 Purified purity>95%; LC-MS analysis (gradient 0 to 90% MeOH in wg@&1%
TFA) over 15 min, flow rate of 1.0 mL/ming:t14.2 min); LRMS for chemical formula:
C,9H4sN110s, calculated mass[M+H" 675.75, found: 676.75.

UPAR33: Purified purity>95%; LC-MS analysis (gradient 0 to 90% MeOH in wg& 1%
TFA) over 15 min, flow rate of 1.0 mL/ming:t11.0 min); LRMS for chemical formula:
Cs1H46N120s, calculated mass[M+H" 714.79, found: 715.79.
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UPAR34: Purified purity>95%; LC-MS analysis (gradient 0 to 90% MeOH in wg& 1%
TFA) over 15 min, flow rate of 1.0 mL/ming:t11.4 min), LRMS for chemical formula:
Cs3H47N110s, calculated mass[M+H" 725.81, found: 726.87.

UPAR35: Purified purity>95%; LC-MS analysis (gradient 0 to 90% MeOH in wg@&1%
TFA) over 15 min, flow rate of 1.0 mL/ming:t15.6 min), LRMS for chemical formula:
Cs3H47N110s, calculated mass[M+H" 725.81, found: 726.91.

UPAR36: Purified purity>95%; LC-MS analysis (gradient 0 to 90% MeOH in wg& 1%
TFA) over 15 min, flow rate of 1.0 mL/min), LRMS rfahemical formula: &H41NgOs,
calculated mass[M+H" 607.67, found: 608.77.

UPAR37: Purified purity>95%; LC-MS analysis (gradient 0 to 90% MeOH in wg@&1%
TFA) over 15 min, flow rate of 1.0 mL/ming:t14.4 min), LRMS for chemical formula:
Cu6H41NoOg, calculated mass[M+H" 607.67, found: 608.77.

UPAR38: Purified purity>95%; LC-MS analysis (gradient 0 to 90% MeOH in wg&1%
TFA) over 15 min, flow rate of 1.0 mL/ming:t13.8 min), LRMS for chemical formula:
C,sH39N7Og, calculated mass[M+H" 565.63, found: 566.67.

UPAR39: Purified purity>95%; LC-MS analysis (gradient 0 to 90% MeOH in wg& 1%
TFA) over 15 min, flow rate of 1.0 mL/ming:t14.4 min), LRMS for chemical formula:
CasH43NgOs, calculated mass[M+H" 649.71, found: 650.79.

UPARA4Q: Purified purity>95%; LC-MS analysis (gradient 0 to 90% MeOH in wg@&1%
TFA) over 15 min, flow rate of 1.0 mL/ming:t13.8 min), LRMS for chemical formula:
CagH43NoOg, calculated mass[M+H" 649.71, found: 650.82.
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UNIT 2

SYNTHESIS OF NEW UROTENSIN-II ANALOGUES
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1. INTRODUCTION

79



1.1. Urotensin-II

Urotensin 1l (U-11), has been described as the npaéént vasoconstrictor documentedth

an EGo value of less than 1nM, ten times more potent #raaothelin-11]. U-Il has been
recognized as teleost hormone provided with smaotiscle contracting activity and
significant biological actions in mammals and imtans. U-Il is primarily involved in the
cardio-renal system where evidences indicates llaid pressure might be regulated by
direct effects on heart, kidney, and peripheratubegure and by indirect central mechanisms
and secondary endocrine actions (Figure 1) [2]ieRt with Heart failure, congestive heart
failure, carotid atherosclerosis, renal failureyaledysfunction, portal hypertension-cirrhosis,
diabetes mellitus, and essential hypertension, baea demonstrated elevated plasma levels
of U-1l and its receptor. Based on these consid®rat U-1l, in the last ten years became a

major target of medicinal chemistry research.

Heart Peripheral vasculature
Coronary vasocostriction +  Vasoconstriction
Positive inotrope *  Vasodilatation
Reflex tachycardia *  SMC mitogenesis
Cardiomyocyte hypertrophy * 1 plasma extravasation

Urotensin-II
Receptor

CNS
TSympathetic outflow
1BPTHR
| BPHR
1 TSH and prolactin

Kidney
Decreased renal blood flow
Altered Na+ excretion
Increased epithelial cell proliferation

Pancreas
| Glucose-induced
insulin secretion

Figure 1. Physiological role of Urotensin-Il receptor (UTceptor): UT receptor is expressed in the central
nervous system (CNS) as well as other tissues, asidlidney, small intestine, prostate, pituitanyd adrenal
gland and circulates in human plasma; the presehtE receptor in the motor neurons in the spiraidcand
the brain stem suggests a potential role in CNS; r&deptor can cause the vasoconstriction of coypnar
mammary and radial arteries. In the kidney, UT peoeaffects sodium transport, lipid and glucoseabelism.

Urotensin-Il is a cyclic peptide originally isolaté&om the urophysis (a neuroendocrine gland
placed in the caudal part of the spinal cord) eftéleost fish Gillichthys mirabilison [3The
U-Il precursor has been cloned in diverse vertebspecies including carp, flounder, frog, rat,

pig, monkey and human [4]. The amino acids sequehuaeotensin-Il is structurally related to
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somatostatin and cortistatin. Cyclic C-terminal &ygeptide sequence, [Cys-Phe-Trp-Lys-Tyr-
Cys], is conserved in all U-1l isoforms which isatbeable of the biological activity. On the
other hand, the N-terminal zone of U-Il differs sSequence conditional upon the animals
species [5]. An acidic residue (Asp/Glu) on its édrtinal side and a bulky hydrophobic
residue (Val/lle) on its C-terminal side are undajiagly surround the cyclic core of the U-II
isoforms (Figure 2). U-ll is encoding by the UT&he, mRNA express in brain, heart, aorta,
leukocytes, spinal cord, kidney, and other tissugth the high frequency in the ventral horn
of spinal cord. The human isoform of urotensinhlJ{Il), a cyclic undecapeptide, H-Glu-Thr-
Pro-Asp-[Cys-Phe-Trp-Lys-Tyr-Cys]-Val-OH, the amiaoid sequence of U-Il is similar with
somatotstatin, is potent mammalian vasoconstrictdsll is highly engaged in the
development of diseases, therefore, the antagoei$ect of U-Il to treat cardiovascular
diseases has disclosed progressions in hemodynamicsardiovascular remodeling [}
1998 Coulouarn et al. has demonstrated the express$iU-I1l in the brain of amphilbians and
mammals [7] and in 1999 Ames et al., using a revenslecular pharmacology approach,
recognized that U-Il is the endogenous ligand afew human GPCR homologous to the
GPR14 orphan receptor from rat [1].

A

His2 HO .
\\'//(;n\lLH

Pig U-lIA \—/ Mouse U-II Rat U-lI

Figure 2. Urotensin-Il isoforms. Comparison of Urotensin{W-II) isoforms. Amino acids in white circle
represent theore-sequenceonservation among U-Il sequences isolated frdfarént species of organisms.

1.2. Human Urotensin-II receptor

The receptor fohU-11 is the orphan G-protein-coupled receptor 1#R34) (Figure 3) [1]. U-
Il binds to its receptor in a “pseudo-irreversibl@anner, and its extended activation and a

functionally silent system due to the sluggish altsgtion rate from the urotensin-1l receptor
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(UT receptor) that mediates complex hemodynamiectdf and influences neuromuscular
physiology. The structural homology between UT ptoe and the somatostatin receptor
(sst4) suggest some caution must be taken wherewidedto design a UT receptor selective
agonist or antagonist [8]Potent vasoconstrictor effects has been demondtratgascular

beds of UT receptor high levels and it has alsambeeolved in osmoregulation. The human

gene encoding the UT receptor is located on chromesl7qg25.3 [9].

Human urotensin-Il receptor is a 389-amino acig/peptide chain with seven transmembrane
domains and its exhibits highly expression levelsthe peripheral vasculature, heart and
kidney, pancreas, adrenal gland and in the cenératous system (CNS) [10].

O Conserved residues among family A of GPCRs @ N-glycosylation sites

© Internalization motif © Phosphorylation sites

@ Putative nuclear localization signal sequence

Figure 3. Human urotensin-II receptor. The receptorHoFll is the orphan G-protein-coupled receptor 14
(GPR14).

The signal transduction is carrying out by theatton of the UT receptor coupled protein
G, that leads to an increasing of inositol triphagphand mobilization of intracellular €a

(Figure 4). The mechanism by whidtJ-1l evokes contraction of the smooth muscle is
complex which includes small GTPase RhoA and itwrttream effector Rho-kinase [11],
phospholipase C, protein kinase C and tyrosinesen®KC-independent phosphylation of
myosin light chain (MLC-2) as well as the C@almodulin/MLC kinase system, extracellular
signal-regulated kinase (ERK) and p38 mitogen-attid protein kinase. Rho signalling
pathway and ERK included also in U-ll-induced vdacsmooth muscle cell proliferation.

The proteolysis of prepro-U-ll by specific urotamsonverting enzyme (UCE) at the

presumed site, ¥K'*'R'? in the splice variant, and*®¥K?R'? in the splice variant b,
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brought out the U-II. The biological activity due &€énzymatic cleavage. UCE has not been
identified, but the proteolytic cleavage can fulétl by several enzymes. In 2004 Russell et
al., has studied the conversion of a 25-amino &:igrminal fragment of prepro-U-Il to

mature U-Il, documenting that furin, an endoprotgaxpressed in the transGolgi network
cells, may function as an intracellular UCE. Thensaauthors also showed that trypsin, a

serine protease, may act on prepro-U-Il in theutatoon [12, 13].

NAPDH oxidase

|_l_| ROS =3
i g »
achidonic ack

ACa?

Figure 4. Urotensin-Il receptor pathways. Vasoconstrictivasodilatation, cell proliferation and hypertrophy
caused by the binding of U-Il to a G-protein-coapldT, leading to hydrolysis of phosphatidylinosit,5-
trisphosphate (PIP2) to inositol 3,4,5-trisphosph@®3) and diacylglycerol (DAG) by phospholipas€RL.C).
IP3 increases the release of Ciaom the sarcoplasmic reticulum or endoplasmiicuéim [14].

Recently, U-II/UT receptor pathway may represenbgel target in erectile dysfunction, we
have demonstrated the involvement of U-II/UT reoemathway in erectile function for the
endogenous synthesis and local releasing of U-thenhuman corpus cavernosum [15]. The
human receptor of urotensin was always expresskavantensity in hyperplastic tissues and
at high intensity in well-differentiated carcinom&Recently, we also have evaluated the
biological role of UT receptor in prostate adencocama by the effects of an antagonist of

UT receptor, urantide, on migration and invasioh.NfCaP cells [16, 17]

The patho-physiological crucial role played by erwin-1l receptor made it a prey for
discovering new ligands, peptide (Table 1), andpeptide analogues [18]. In order to
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investigate new structure-activity relationshipdsts, | developed new Urotensin-Il peptide
analogues with with different backbone geometrgesihain orientation and side chain

functionalization as reported in the present uhths dissertation.

Table 1. Urotensin-Il peptide analogues:

Name Sequence
PRL-2903 H-Fpa-[Cys-Pal-DTrp-Lys-Tle-Cys]-(2)Nal-Ni
SB-710411 H-Cpa-[DCys-Pal-DTrp-Lys-Val-Cys]-Cpa-NH

BIM-23127 H-D(2')Nal-[Cys-Tyr-DTrp-Orn-Val-Cys]-(2")Nal-NH
BIM-23042  H-D(2')Nal-[Cys-Tyr-DTrp-Lys-Val-Cys]-(2Nal-NH,
[Orm®U-Il  H-Glu-Thr-Pro-Asp-[Cys-Phe-Trp-Orn-Tyr-Cys]-Val-OH

P5U H-Asp-[Pen-Phe-Trp-Orn-Tyr-Cys]-Val-OH
Urantide H-Asp-[Pen-Phe-DTrp-Orn-Tyr-Cys]-Val-OH
UFP-803 H-Asp-[Pen-Phe-DTrp-Dab-Tyr-Cys]-Val-OH

URP H-Ala-[Cys-Phe-Trp-Lys-Tys-Cys]-Val-OH

Urocontrin H-Ala-[Cys-Phe-Bip-Lys-Tys-Cys]-Val-OH

GSK248451 H-Cin-[DCys-Pal-DTrp-Orn-Val-Cys]-His-Nk
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2. STRUCTURE-ACTIVITY RELATIONSHIP STUDIES

85



Urotensin-Il has a wide range of biological actest and a potential therapeutic use. The
human urotensin-lIIU-11) is a cyclic undecapeptide, H-Glu-Thr-Pro-Agpys-Phe-Trp-Lys-
Tyr-Cys]-Val-OH, recognized as the natural ligarican orphan G-protein coupled receptor.
The role played by the exocyclic region in the ptoeinteraction has been investigated by a
series of truncated peptides relatedhttbll. The discovery of the minimal active fragmerit
human urotensin-Il HUIl(4.11), H-Asp-[Cys-Phe-Trp-Lys-Tyr-Cys]Val-OH confirm eh
exocylic region is not significant for the bindir{&igure 5) [19] U-Il4.11) preserves high
affinity and potency for the human receptor of arsin-1l, showing also similarity to
somatostatin-14 in which truncation of the segnledtto active analogues. The structural
homology between UT receptor and the somatostatieptor (sst4) suggest some caution
must be taken when we decide to design a UT recejafective agonist or antagonist. As
shown in Figure 6, the similarity betwebld-Il and somatostatin consisting égore-sequencge
Lys-Trp-Phe, which plays a crucial role in the birgdof UT receptor [1]. Indeed, PRL-2903
(Table 1), H-4Fpa-[Cys-Pal-DTrp-Lys-Tle-Cys]-Nal-Niepresent a somatostatin analogues,
resulted in the ability to block thé&U-ll-induced rat aorta ring tone at micromolar
concentrations, although it showed low speciesctieity [18]. Another peptide somatostatin
analogue, named SB-710411 (Table 1), H-Cpa-[DCydHe-Lys-Val-Cys]-Cpa-NH,
described by Coy et al. in 2000, showed moderdtritgffor UT receptor which was also
able to inhibit U-1l-induced contraction in rat iated thoracic aorta in a surmountable manner
(pKb= 6.28) [20]. As cyclosomatostatin octapeptide agaé that shares structural
similarities with SB-710411, the peptide neuromeBimeceptor antagonist BIM-23127, H-
D(2)Nal-[Cys-Tyr-DTrp-Orn-Val-Cys]-(2’)Nal-NH (Tablel) [21], was investigated by

functional activity at recombinant and native UTeptors [22].
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Figure 5. (A) Structures of human urotensin-ll (1-11) and(¥411). In green we have the exocyclic region
without significant role in the activity of uroteéndl. (B) Structure similarity between urotenisn-&nd
somatostatin. The part in red represent the caraesee similarity between U-Il and somatostatin.

In 2003 a report from Suget al shown the existence of a paralogue of U-II named
Urotensin-Il Related Peptide (URP), H-Ala-[Cys-Phg-Lys-Tyr-Cys]-Val-OH (Figure 6), a
novel peptide first isolated from the extract of baain and subsequently observed as the
endogenous ligand for the UT receptor in rat, maurse possibly in human. URP exhibits
high binding affinity for UT receptor in transfedteell lines and high contractile potency in
the rat aortic ring assay, suggesting that someiplogical effects could be not completely
attributed to U-Il [23]. In 2014 Brancaccio et al., has demonstrated thatindt
pathophysiological roles of URP amtl-11 are not related to different conformationstbé
two peptides, but they likely arise from their diént interactions with the UT receptor
(Figure 8). Those interaction can stabilize différactive conformations of UT receptor that,
in turn, can select specific subset of secondarysergers depending on the ligand-induced

adopted conformation [24].
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%{\" M134

Figure 6. (A) N-terminal region ohU-II establish large interactions with extracellll@ops EL2 of UTR. (B)
Those interaction cannot be present in URP/UTRibind

The disulphide bond is essential for the activitgleed, in 1986 McMaster et al. made evident
the crucial role of the cyclic conformation for theteraction with UT receptor by the
corresponding “ring-opened” analogue with a laclhlogical activity [25]. In 2002 Grieco
et al., has demonstrated by the replacement digdfide bridge by a chemically more stable
lactam bridge, the contractile activity on the istlated thoracic aorta was found to be
dependent upon the dimension of the ring [2&)-114_11) was conformationally constrained
by replacement of Cysby penicillamine f§,p-dimethylcysteine), in order to stabilize the
putative bioactive conformation. This substitutiea to the identification of a UT receptor
agonist showing ultrapotent activity in the rattaot[Peﬁ]hU-II(4-11), subsequently renamed
P5U (Figure 7) [27]The replacement of Lysby ornithine in the endocyclic portion of
[Perf’]hU-II(4_11) provoked a shift from a very efficacious agongstan antagonist endowed
with residual low agonist efficacy: [P%@rns]hu-ll(4_11) [28]. Finally, the inversion of the
configuration of the Trp residue in position 7, wagygested by the presence of the same
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modification in both BIM-23127 and SB-710411 (Tale This further modification yielded
urantide: [Pef) DTrp’, Orrf]hU-11(4—11) (Figure 7).

Conformational studies on urantide performed in 2@y Grieco et al. showed that the
distance between Tfpand Tyr side chains was greater than that observed irpépdide
agonist P5U because of the inversion of L Tipio the corresponding D-isomer in urantide
[29].

?‘1?? w@?@?}

o %

URANTIDE

Figure 7. (A) P5U represent the full-agonist and urantige tost potent antagonist to date. The uncodedoamin
acids which differ fromhU-I1(4-11) sequence are in red and blue. (B) Repregion of overlap 3D structures of
P5U (blue) and urantide (yellow).

By Ala-scan studies has demonstrated that the gepiant of Trp, Lys®, and Tyf is crucial
for the maintenance of biological activity, indiicag that the hydrophobic side chains of Trp
and Tyr and the positive charge of l3epresent pharmacophoric elements [30].

The core-sequenceavithin urotensin-Il peptide is essential for bingiand activation of the
receptor. The hydrophobic side chains of Tgmd Ty? and the positive charge of L%s
represent key pharmacophoric elements. Herein,unarsrized all significant substitutions

carried out on the cyclic region oore-sequencef urotensin-II [31]:

89



Phé® residue. This moiety is the most tolerant residue within dyelic region of U-I|
[32]. Analogues have been designed in which this resith®e been replaced by
nonpolar aromatic or aliphatic amino acids in W-ihy Substitution of the Pfe
residue with the isostere (2-thienyl)-alanine (Tdm)(3-benzothienyl)-alanine (BzThi)
yields to retain high binding affinity but are 3cah07 times less potent than U-II(4—
11) in the rat aortic ring assay, respectively @F&y8). On the other hand, replacement
of the Ph&residue by 4-tbutyl-Phe reduces by 48-fold thelinig affinity but does not
modify the contractile activity. High binding affty of the peptide was verified by the
substitution of the PReresidue ofhU-Il by the sterically bulky 4-benzoyl-L-
phenylalanine moiety (Bpa) [33].

Trp’ residue.Ala-substitution of Trp in position 7 reduces aitgivof the U-Il analogs
by approximately 1000-fold, while D-Trp substitutids tolerant for the activity
(Figure 8). The role of indole NH was investigamdthe replacement of Tfpesidue
of hU-II by a 4-benzoyl-L-phenylalanine moiety yields [Bpa7]U-Il which has less
binding affinity and lower potency on inositol plpbste production in UT-transfected
COS-7 cells [31], suggesting that indole NH funetimay establish a hydrogen bond
with some UT receptor (Figure 8) [34].

Lys® residue.The lysine in position 8 residue appears to be afnthe most crucial
pharmacophoric points of the core sequence of Bkl URP. The replacement of
Lys® with lipophilic residues leads to totally inactiemalogs. Hydrophilic but not
basic amino acids subsitutions leads to loss ofatttevity, indicating that the basic
nature of the lysine side-chain is important fag tiological activity. Side-chain basic
nature is one of the important parameters, thekgj analog is 50-fold less active
while the [(N,NMe,)Lys?]U-II analog is almost as potent as U-lI(FigureL®gs basic
character such as pyridylalanine and 4-aminophé&myjlze leads to be inactive. Thus,
the primary aliphatic amine at position 8 is a @ufor U-II activity [35]. The distance
between the primary aliphatic amine and the pepiatkbone is important to generate
potent analogues because the distance of 3 and/leree groups gradually reduces
the potency and efficacy such as Orn, Dap and Bajuie 8).

Tyr® residue.The tyrosine in position 9 has a paramount rol¢him binding of UT
receptor (Figure 8). The substitution of Twith Ala or D-Tyr of U-Il and URP
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observed inactive analogues. Methoxy (—OMe), niiO,), amino (—NH), methyl
(-CHg), fluoro (—F), or by a hydrogen atom does not cffke potency and the
efficacy of the U-Il analogs in the rat aorta bsms [36]. The mono-iodinated
analogue [3-iodo-Tyj{U-II u-11ywas found to be five times more potent than thremga
peptide in producing rat aortic ring contractionl][3The [3-nitro-Ty|9]U-II(4_11)
analogue shows a moderate decrease in bindingtgfind in contractile activity. The
[4-carboxy- Phau-llm_m analogue, in which the hydroxyl group of the tynes
moiety is replaced by a carboxyl radical, exhikatssignificant reduction of both
affinity and potency, whereas the amino counterptme [4-amino-Pl19¢U-II(4_11)
analog, retains affinity but shows a marked deereias contractile activity [36].
Recently we have optimized P5U and urantide, twpoairtant ligands at UT receptor,
designing several analogues by the exchange ofTt residue with different
unnatural aromatic amino acids. This study allowsdo discover novel ligands with
improved activity. In particular, the replacemefitttee Tyr residue by (pCN)Phe or
(PNO)Phe within the urantide sequence led to pure aniag activity toward UT
receptor in a rat aorta bioassay. More interestintle replacement of the Tywith
the Btz or the (3,4-Cl)Phe residues (Figure 8)tteduperagonists with pEC50 values
at least 1.4log higher than that of 1, being thestmmotent UT receptor agonists
discovered to date. These ligands represent nefulusels to further characterize the

urotensinergic system in human physiopathology.[37]
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Figure 8. Substitutions of Urotensin-Hore-sequencamino acid residues. Plsibstitutions(Orange), Tfp
(Blue), Ly$ (Red) and Ty{Green).

By high-throughput screening (HTS) studies from §06thpounds has been identified S7616
with an 1G, of 400nM (Figure 9). The phenyl ring of the indoland the

naphthalenemethylamine side chain are localized d¢hé two aromatic features of the
pharmacophore. The basic benzamidine group in S&d$ shown to form a charged

interaction with Asp130 residue within TM3 of UTceptor.

S7616
Figure 9. Structure of S7616
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The identification of nonpeptide agonists and amégjs ofhU-Il is of great importance for
the development of novel therapeutic strategiesclnmdiovascular pathologies. The first
nonpeptide agonist named AC-7954 with a pEC50 6&f (Figure 10) was identified by
Croston et al.[38]. Following classical optimizatiavith modulation of the hydrophobic
properties of the initial ligand, Lehmann et al9]3dentified the compound 2 named FL68
(Figure 11). The introduction of substituents imither of the two aromatic functions is

tolerated, but substitution at the 4-position wasithental to affinity.

Cl
(@) (@)
:
N~ N~ N N
o g an
®
Cl Cl
AC-7954 FL68 FL-104

Figure 10. The most active hU-1l nonpeptide agonists devaldpeAcadia Pharmaceuticals

Molecular similarity based on structures AC-79546& and FI-104 led to the discovery of
compounds 1, 2 and 3 (Figure 11). These three cong®have agonist activity toward the
UT receptor of 4.0, 6.3 and 5.0 mM, respectively,shown by a mammalian cell-based R-
SAT assay [40]. Indeed, these structures havea oigationship compared to the previous
one, with two aromatic groups and a tertiary ambwnd by an alkyl group to the

heterocyclic ring.

(
N= N/_ N\ N/_ HN Q N/_
/Ill (N @Si (N o#N:\% \_
) Q. ey

Cl

1 2 3

Figure 11. Structures of compound 1, 2 and 3.
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The first series of nonpeptide antagonists cormedpoto aminoalkoxybenzyl pyrrolidine
derivatives that were identified by the GlaxoSmiih&E Company. SB328872 represent the
most potent compound of this series, showing a dwoeding affinity to UT receptor (Figure
13). Subsequent optimization of these hits ledhéoidentification of SB-611812, which is as a
potential therapeutic for heart failure (Figure [42)].

S
Q HN
O/O/\ "Q\NH 0
H
N
SB328872
N

SB-611812
Figure 12. Structure of compounds SB328872 and SB611812.

The preparation of NH-substituted quinolones kIl antagonists. In 2004, Actelion
described the discovery and characterization o werivativeACT-058362 (Palosuran)
(Figure 13) with plG, values of 7.2 and 7.1, respectively (binding GRJU-II to TE-671
cells and to recombinant CHO cells). Lawson andar&ers in 2009 [42] realized these novel

series starting from the identification of the caupd 5, also known as JNJ-28318706.
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N o

ACT-058362 JNJ-28318706

Figure 13.JNJ-28318706 with piperazine moiety has potenwiagton UT receptor. ACT-058362 (known also
as Palosuran) is a potent and specific antagohidT aeceptor with the quinoline moiety.

Despite all these structure-activity relationsHipdges carried out by developing small organic
molecules of UT receptor in the last decade, udantiepresent the most potent antagonist
discovered to date for being 50- to 100-fold mooéept than any other compound described

thus far in the rat isolated aorta bioassay.
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3. NEW UROTENSIN-II ANALOGUES
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3.1. Peptoids of Urotensin-II

Peptoids,N-Substituted glycine oligomers (NSG) are a claspepitidomimetics whose side
chains are appended to the nitrogen atom of thedeepackbone, rather than to the
carbons, otherwise referred to @peptoids, are a readily accessible class of syinth@on-
natural peptide mimic of modular design into wheclplethora of structural elements can be
readily incorporated (Figure 14). Zuckermann etial1992 has reported the first NSG [43].
The higher flexibility of peptoid oligomers due ttee flexibility of the main-chain methylene
groups and the absence of stabilizing hydrogen lmtedactions along the backbone are well-
known for their higher flexibility and to be confoationally unstable. The choice of
appropriate side-chains represent an important tooform specific steric or electronic
interactions that favour the formation of stablemlary structures like helices [44]. In
general, NSG’s present a platform for the studypoabdtein interactions beyond those

approachable by small molecules defined by Lipisgkiles andr-peptides.

o
H H
|\H/N\)J\NJ\(| — |\[rN\)LN/\[(|
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N;_(—s o
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3 HN — $
NH HN o S HN
HO o ¢ )ﬁ/\k}# L
H . HN Yo

N
o} H HO

H
o
NH,
HO
Urotensin-ll(4-11) Peptoid6 of Urotensin-li(4-11)

Figure 14.Schematic representation of Peptoids (NSG) anttsi-1I peptoid6é analogue.
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The purpose of the present part of this thesi® istestigate urotensin-Il structure-activity
relationship studies by the development of U-Hptoid analogues. Based on the crucial role
of the cyclic region of urotensin-ll, [Cys-Phe-Tiys-Tyr-Cys] (see paragraph 2), in the
binding of UT receptor, we developed peptoid anaésg(Table 4) of the cyclic region by

shifting the side-chain of each amino acid freoarbon to nitrogen.

Table 5. Urotensin-Il peptoid analogues:

Peptoid Sequence

Peptoid5 H-Asp[N-mercaptoehtylGly-Phe-Trp-Lys-Tyr-Cys]Val-OH
Peptoid6 H-Asp[CyN-EthylphenylGly -Trp-Lys-Tyr-Cys]Val-OH
Peptoid7 H-Asp[Cys-PheN-EthylindoleGly -Lys-Tyr-Cys]Val-OH
Peptoid8 H-Asp[Cys-Phe-Tr-(5-aminopentyl)Gly-Tyr-Cys]Val-OH
Peptoid9 H-Asp[Cys-Phe-Trp-LysN-(4-hydroxyphenylehtyl)Gly-Cys]Val-OH
Peptoid10 H-Asp[Cys-Phe-Trp-Lys-T-mercaptoehtylGly]Val-OH

3.2. Azasulfurylpeptides analogues of Urotensin-II

Peptide bonds can be broken by hydrolysis. Protieaynzymes mediate many key biological
events by hydrolyzing specific peptide bonds. Th#ahedral transition states found in
enzyme-catalyzed amide bond hydrolysis becamede @i many enzyme inhibitors by the
replacement of amide bond with its isosteres, faangle, the replacement of the amide
carbonyl by a tetrahedral phosphorus atom usixgaminophosphonamides and-
aminophosphonamidates has provided inhibitors ahdw cyclophilin, HIV-1 proteinase,
human neutrophil collagenase, enkephalinase andtangin-converting enzyme [48]Dn the
other handthe replacement of amide bond [pyaminosulfonamidebave been demonstrated
to less successfals tetrahedral mimics in enzyme inhibitors duenrtrapid decomposition
[46].

Azapeptide (semicarbazide moiety) or azasufulryidep{N-Aminosulfamide moeity) have
been performed turn conformations and higher stabiio enzymatic and chemical
degradation, relative to the natural peptide. Apéipes [47, 48], in which the-carbon of one

or more of the amino acid residues is replaced witlitrogen atom, exhibit a propensity for
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adoptingp-turn conformations. In peptide scanning, the aapions of aza-amino acid and
aza-peptide building blocks have been fruitful,edtiitheir solution-phase synthesis from
hydrazine starting materials may be tedious and alag limit side-chain diversity [49].
Azasulfurylpeptides are peptidomimetics possesaraimo acid residue from which theHC
and the carbonyl are respectively replaced by agen atom and a sulfonyl group
represented by N-aminosulfamide peptidel (Figune[3|. Although few examples of these
peptidomimetics have been reported, their potetdighimic the tetrahedral geometry during
amide bond hydrolysis was exploited by the insartbazasulfurylphenylalanine (AsF) into a
transition-state mimic, micromolar inhibitor of theman immunodeficiency virus-1 (HIV-1)

proteinase, azasulfurylpeptid€Agure 15) [50].

{j\rfN\)L I(OMe
/. /'\WNO S ’“/kn/\ Csz)r\‘J\/'\[o( an OO

N- amlnosulfamldo peptlde 1 Cbz-L-Asn-Asf-L-Pro-L-lle-L-Val-OMe 2

Figure 15.N-aminosulfonamide moiety in peptide structurendi Azasulfurylphenylalaninyl peptide 2.

Azasulfurylpeptide analogues combine charactesstf aza- andi-sulfonamido-peptides
[46], albeit with firmer and more stable structures, ptiédly relevant for modification of
backbone geometry. The sulfonyl group possessesadédral sulfur, which adopistorsion
angle values around +60° and +100° (instead of awigl(E) andtrans(Z) conformations at
respectively 0° and +180°) separated by a lower ®4dtional barrier 4G* =~ 35 kJ/mol),
relative to the amide C-NAG* = 75 kJ/mol) (Figure 16) [51]. Furthermore, the Sbhd
length is longer than the C-N, due to lack of aridenbond resonance and greatetsgrsus
sp? character of the sulfonamide nitrogen (Figure Bg)sed on these considerations, in 2012
Turcotte et al., has developed a new method forsyimthesis ofN-aminosulfamide moiety

changing the geometry of the peptide backbone [52].

1.4 A0 ALE /
D1.7A P 15 W1 4A Ko
15A. S """" " 134, P
/ 108° \ / 124° \
Methanesulfonamlde Acetamide

99



Figure 16.Backbone geometry of N-aminosulfamide moeity.

Basic amino acid residues, such as lysine and iaggirfunction in numerous biological
processes including posttranslational modificatijotransport across membranes, and as
enzymatic cleavage sites [53]. In 2014 Traoré et lahs developed the synthesis of
azapeptides with basic amino acid residues (azareysza-Ornithine, and aza-Arginine)
[54]. According to the crucial role of Lyf the U-II core-sequencén the binding to UT
receptor, | synthesized azasulfurylpeptide analsgueJ-Il with basic amino acid as Lys and
its derivatives represented Wzasulfuryl-Lys® Ull and Azasulfuryl-N,N-Me,-Lys® UlI,
starting with protected tripeptide building blodkdure 17) to investigate first of all, the role
of N-aminosulfamide moiety in the biological activitgcato provide further structure-activity

relationship studies of Lys in position 8 of uratanll.

HO.
(0]
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H
% N 0 NH,
O H o]
N HN__o . o
oS NH 9\0 N
H,N / —
2 H HN H O. .0
N N Ny
© H 0 N NoySn Oy
0] H I H 5
HO 0 Rr
U-li @11) U-Il aza-sulfuryl building blocks

Figure 17.(A) Building blocks of urotensin-1l aza-sulfuryhalogues. (B) Library of U-Il azasulfuryl analogues
Azasulfuryl-Lyg U-Il and AzasulfurylN,N-Me,-Lys® U-II.

100



4. SYNTHETIC STRATEGIES
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4.1. Peptoids of U-Il analogues synthesis

Peptoids provide major advantages as research lardhpceutical tools include economy of
synthesis, highly variable backbone and side-chhamistry possibilities. The present thesis
provides two approaches for the synthesidl-@ubstituted glycine oligomersi-peptoids) of
urotensin-II.

4.1.1. Peptoids 7 and 9
The invention of the submonomer solid-phase syighewthod for peptoids by
Zauckermann was a major breakthrough becaugeeatly increased the synthetic
efficiency, synthesis yields, amvVailable side chain diversity, while also drameltic
reducingtime and costs [55]The first series of U-1l peptoid analogud3eptoid 7
and 9) were synthesized by solid phase approach (Fig8ye

NH, OH

Peptoid 8 Peptoid 9

Figure 18.First library of U-Il peptoids. Peptoid 8 with sidhain of Trp in position 8 and Peptoid 9
with side chain of Tyr in position 9.

As shown in (Scheme 1), the synthesis was carrigdiro solid phase, using a 2-
chlorotrityl Resin (0.312g, 0.8mmol/g), swelled 80 minutes in dichloromethane
(DCM). The first coupling was carried out usin@ gquivalent of Fmoc-Val-OH,

dissolved in 5mL of DCM. The amino acid solutionsasdded to 2-chlorotrityl Resin.
To the resulting mixture was added 1.0 equival€émIBEA, agitated in the shaker for
10 minutes then 1.5 equivalents of DIPEA were addée mixture was agitated

vigorously for 60 minutes. To endcap any remaimeactive 2-chlorotrityl groups, a
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mixture of DCM/MeOH/DIPEA (80:15:5, v/v/v) was adtland mixed for 30 minutes.
For removing the Fmoc protecting group from thetfiamino acid, the resin was
suspended in 25% solution of piperidine in dimdthryhamide (DMF) (1x5 minutes
and 1x25 minutes). The following protected aminasavere then added stepwise,
N®-Fmoc-Zaa-OH, (Zaa = Cys(Trt) and Tyr(tBu)). Eaclugling reaction was carried
out using a 3-fold excess of amino acid with HBT&¢d) and HOBt (3eq) in the
presence of (6eq) of DIPEA. The peptide resin wash&d with DCM (3x), DMF (3x)
and the deprotection protocol was repeated afteln eaupling step. The Nerminal
on the resin is first acylated by a pre-activatednmacetic acid, withN,N-
diisopropylcarbodiimide (DIC) and HOBt. Then brom@s displaced by a primary
amine, commercially available, by reaction, in the presence of triethylamine
(TEA) for 18hours at room temperature. After thenglation of the peptide sequence
on resin, the N-terminal Fmoc group was removedeasribed above, using protected
amino acids were then added stepwiseFMoc-Zaa-OH, (Zaa = Cys(Trt), Trp(Boc),
Phe and Asp(OtBu)). The cleavage and cyclizatiorewearried out using the cocktalil
of TFA:DMSO:TIS (89:10:0.1, v/v/v/) for 3 hours. r@le peptides were recovered by
precipitation from the filtrate using chilled ethtergive a powder, which was purified
by RP-HPLC using a semi-preparative C18-bondecasitolumn (Phenomenex,
Jupiter 4p Proteo 90A, 1.0 x 25 cm) with a gradiehMeCN and water containing
0.1% TFA (from 10 to 90% over 40 min) at a floweraf 5.0 mL/min. The product
was obtained by lyophilization of the appropriat&ctions after removal of the MeOH
by rotary evaporation under reduced pressure. AnalyRP-HPLC indicated >95%

purity and the correct molecular ions were confurbg LC/ESI-MS.
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Scheme 1Solid-Phase Synthesis of Peptoids by the Submon8inategy.

4.1.2. Peptoids 5, 6, 8 and 10
The synthetic strategy for the development of tkeosd series of U-Il peptoid
analoguesReptoid5, 6, 8 and D (Figure 19) represent a combination of solutiod a
solid phase synthesis, consisting in the synthasise side-chains in solution and the

alkylation step was carried out on resin.
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Figure 19.Second library of U-1I peptoid. Peptoid 5 and lithvgide chain of Cys in positions 5 and
10, and peptoid 6 with side chain of Phe 6 andd?e® with side chain of Lys 8.

The side chain of Peptoid5 and 10 represented Isy &y Cys° in original sequence
of U-Il were synthesized, treatirfiymercaptoethanol with trityl chloride in DCM for
2hours. The side-chain of peptoid8, which mimeltg® residue, was obtained using
5-aminopentenol with di-tert-butyl dicarbonate iry dCM for 2 hours (Scheme 2).
On the other hands, the elongation of the peptideesin was carried out using fmoc-
chemistry approach (see paragraph 4.1.1). Nifadkylation step was accomplished
using Fukuyama—Mitsunobu approach in solid pha6g [Ehe alkylation of secondary
sulfonamides is achieved alcohols under Mitsunobwnditions, with
triphenylphosphine and azo-reagent. After the edting of the peptide on resin, the
free amine was activated using 4-nitrobenzensulfociyloride, generating the

sulfonamide. The acidity of the latter was employed the N-alkylation step with
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alcohol derivative. At this point the 4-nitrophersdlfunyl group was released using
with B-mercaptoehtanol and DBU. As shown in Scheme 2pénted the synthesis of
peptoid6 which represent the analogue of°Plesidue in the original sequence of
urotensin-II.
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and 10. (B) Synthesis and alkylation in solid phase
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4.2. Azasulfurylpeptides of U-Il synthesis

In 2012 Turcotte et al., has developed a new metbodhe synthesis oN-aminosufamide
peptides featuring the coupling g¥-nitrophenylsulfamidates andN-(Boc)-amino acid
hydrazides under microwave irradiation [52]. Cheetestive alkylation of
azasulfurylglycinyl peptides was used to add sidait diversity and prepare other
azasulfuryl amino acid residuekr 2014 Traore’ et al, has developddersity-oriented
synthesis of azapeptides with basic amino aciddues [52]. The synthesis of azasulfuryl
Lys® peptide analogues of urotensindizasulfuryl Lys® Ull and azasulfuryl-N,N-Lys® Ul

(Figure 20), represent a combination of the twogpsymentioned above.

@ﬂéﬁw« @ﬂéﬁw«

Azasulfuryl-Lys U-II Azasulfuryl- N,N-Me,-Lys U-II

Figure 20. Azasulfurylpeptide analogues of urotensin-II: Adfsryl Lys® Ull and AzasulfurylN,N-Me2-Ly<
UlLI.

The synthesis of azasulfurlylpeptides of U-Il catesdl of four parts:

4.2.1. Hydrazide of tryptophan synthesis
The hydrazide of tryptophan was critical to prepfarethe hard choice of protecting
groups. The hydrazide of tryptophan was synthesizeding phenyl-
isopropyloxycarbonyl hydrazingd5 [57, 58].1t can be removed under mildly acidic
conditions and with good vyields, leaving other siti@ains protecting groups intact
such as Boc, tBu, and Pbf. The synthesis was daotie starting with methyl benzoate
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which treated with methylmagnesium bromide solut{®W in diethyl ether) for
generating the 2-phenyl-2-propanol (cumyl alcol3®@) The latter has been activated
by phenyl chloroformate to give the correspondihgrpyl-isopropyl carbonatg4. At
this point, to the resulting carbonate was addedtdrine hydrate (50-60%-,8) in
excess to give the corresponding phenyl-isoproggarsbonyl hydrazin&5 (Scheme
3).

On the other hands, “NFmoc-Trp(Boc)-OH was dissolved in a solution of%20
diethylamine in MeCN for removing the®NFmoc protecting group, the crude was
dissolved in MeOH and washed with heptane to ekitlae fluorenylmethyN,N-
diethylamine. The free amir#6 was protected with Alloc using allyl chloroformate
The coupling step between the hydrazide of cuB®y&nd the pre-activated“Mlloc-
Trp(Boc)-OH 37 was carried out in DCM overnight. Phenyl-isoprapyicarbonyl
was removed with a solution of 2% TFA in DCM for, Keeping Boc intact (Scheme
3).
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Scheme 3Synthetic strategy of hydrazide of triptophan.

109



4.2.2. Sulfamidate of tyrosine synthesis

The esterification of MFmoc-Tyr(tBu)-OH with 2,4-dimethoxybenzyl alcoh(@reviously
prepared by treating 2,4-dimethoxybenzyl aldehydh sodium borohydride in methanol for
30min) employing Mitsunobu reaction in presencedd®AD and PPk for 2 hours. Then the
N®-Fmoc protecting group was removed using diethytk@min MeCN. 4-Nitrophenyl
chlorosulfate (prepared according reference [59 diasolved in dry DCM and treated drop-
wise with a solution of MTyr(tBu)-Odmb, 4-Nitrophenol and triehtylaminedny DCM at —
78 °C. A 2 equivalents amount of 4-nitrophenol wescessary as an additive to avoid
formation of symmetric sulfamide. The sulfamiddt® could be stored for several months

without decomposition (Scheme 4).
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Scheme 4Synthesis of the sulfamidate of tyrosine.

4.2.3. Synthesis of protected azasulfuryl protected tripepde
The coupling between the hydrazi@8 and the sulfamidatd5 was accomplished
using microwave irradiation. Microwave irradiatidras been demonstrated to be

crucial to improve the yield of the formation ofettN-aminosulfamides and favored
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coupling between the two precursors (80% yield gisimcrowave heating and only a
36% yield in normal conditions [52]).

Based on the findings developed by Turcotte etsade chains may in principle be
introduced onto th&l-aminosulfamide moiety. By switching to the phoseree base,
tertbutylimino- tri(pyrrolidino)-phosphorane (BTRP)the alkylation yield was
improved. Bis-alkylation was minimized by employisipichiometric amounts of base
and alkylating reagent [52].

In the case of this present project | alkylatechviitbromo-4-chlorobutane to mime the
side chain of Lys residue in position 8 in tbere-sequencef urotensin-ll using
lequiv. of BTPP at @ for 30 minutes and the 2equiv. of 1-bromo-4-chbutane
were added for 12 hours, the yield was 66% anddl3% of di-alkylation. The 2,4-
dimethoxybenzyl alcohol was removed using 1% TFADOEM for 1 hour for

generating the carboxylic acid to be subsequemiiypked on resin (Scheme 5).
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Scheme 5Synthesis of the azasulfuryl protected tripeptide.

4.2.4. Solid phase synthesis

The azasulfuryl protected tripeptid& was coupled to the pre-built dipeptide on resin
49 using HOBt and DIC in DCM:DMF for 12 hours (Schef)e
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In case of compoundzasulfuryl-Lys® Ull, the chloride was replaced by azide using
sodium azide in DMF under sonication overnight [5Z]he N-terminal Alloc
protecting group was removed using tetrakis(trigipdiosphine)-palladium(0) and
N,N’-dimethylbarbituric acid in DCM/DMF for 2h at rootemperature under aegon,
and the reaction was repeated. The elongationpifdeewas carried out with the same
protocol reported in paragraph 4.1.1, usirfgAhoc-Phe-OH, RFmoc-Cys(trt)-OH
and N-Boc-Asp(OtBu)-OH. The reduction of azide into amiwas performed using
tris(2-carboxyethyl)phosphine hydrochloride (TCEP) HFH,O for 24h (Scheme 5).
The cleavage and disulphide bond formation was raptished in one-pot reaction
using 10% DMSO in TFA with the presence of scavenge
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Scheme 6Synthesis ofAzasulfuryl Lys®U-II compound in solid phase.

In case of compoundzasulfuryl-N,N-Me,-Lys® Ull, the chloride50 was replaced by
corresponding dimethylamine using a solution of 26fcdimethylamine (solution
40% in HO) in DMF under sonication overnight (scheme 7)][52he Alloc
removing, elongation and cleavage was carried siaguhe same protocol above.
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Scheme 7Synthesis ofAzasulfuryl N,N-Me,-Lys® U-1l compound in solid phase.
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5. CONCLUSIONS

115



The cyclic region of Urotensin-Il became pride afr SARs by the development of new
peptide analogues with different backbone geomaeide-chain orientation and side chain
functionalization. Herein we summarized all goatkiaved by the second unit of the present
thesis:

 Major advantages of peptoids as research and plcautical tools include the
economy of synthesis, highly variable backbone @dd-chain chemistry possibilities.
At the same time, peptoid have been demonstratedighdy active in biological
systems while resistant to proteolytic decay. |adeped a library of Urotensin-II
peptoid analogues to investigate new SARs by shitthe side-chain from-carbon to
nitrogen, in the meantime the role of non-chirgtpee backbone.

* The synthesis of new azasulfurylpeptides of urateiscan be an important tool for
providing innovative SARs of UT receptoN-aminosulfamide moiety in the core
sequence of U-1l confer to the peptide differentkine geometry. In particular, new
N-aminosulfamide analogue has been developed byefiiacement of Lyswith the
aza-sulfuryl amino acid carrying the side chain mgrof the native 5-aminobutane
moiety.

» Diversity-oriented synthesis of azasulfurylpeptideish basic amino acid Residues:
Azasulfuryl-Lys Ull andazasulfuryl-N,N-Me,-Lys Ull. This approach should find
significant applications in the study of variouseets featuring the post-translational

modification and activity of lysine and argininentaining peptide structures.
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6. CHARACTERIZATION
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Peptoid 5 Purified purity>95%; LCMS chromatogram (10 to 90% MeCN in wated%o.
TFA), tg =11.99 min, over 15 min, flow rate of 1.0 mL/minghemical formula:
Cs2Hs7NoO12S,, calculated mass; 1074.28, found: 1075.98 [MFH

Peptoid 6 Purified purity>95%; LCMS chromatogram (10 to 90% MeCN in wated%o.
TFA), tg: 10.79 min over 15 min, flow rate of 1.0 mL/minghemical formula:
Cs2Hs7N9O12S,, calculated mass; 1074.28, found: 1075.98 [MFH

Peptoid 7 Purified purity>95%; LCMS chromatogram (10 to 90% MeCN in wated%o.
TFA), tg: 10.83 min, over 15 min, flow rate of 1.0 mL/mi)RMS for chemical formula:
Cs2He7NgO12S,, calculated mass; 1074.28, found: 1075.98 [VHH

Peptoid 8 Purified purity>95%; LCMS chromatogram (10 to 90% MeCN in wated%o.
TFA), tr: 11.27 min over 15 min, flow rate of 1.0 mL/mi)RMS for chemical formula:
CsoHe7NoO12S,, calculated mass; 1074.28, found: 1075.98 [MFH

Peptoid 9 Purified purity>95%; LCMS chromatogram (10 to 90% MeCN in wated%o.
TFA), tg: 11.65 min, over 15 min, flow rate of 1.0 mL/mi)RMS for chemical formula:
Cs2Hs7NoO12S,, calculated mass; 1074.28, found: 1075.98 [MFH

Peptoid 1Q Purified purity>95%; LCMS chromatogram (10 to 90% MeCN in wated %0.
TFA), tg: 10.92 min, over 15 min, flow rate of 1.0 mL/mi)RMS for chemical formula:
Cs2He7NgO12S,, calculated mass; 1074.28, found: 1075.98 [VHH

Azasulfuryl Lys® Ull : Purified purity>95%; LCMS chromatogram (10-90% MeCN in water
(0.1% formic acid), 14 mingt= 7.5 min), purifiecon a Sunfire C18 analytical column (100A,
3.5um, 4.6 mm X 100 mm); LCMS chromatogram (10-90% Mef{DHvater(0.1% formic
acid), 14 min, ¢ = 8.7 min), purifiedon a Sunfire C18 analytical column (100A, a8, 4.+6

mm X 100 mm); HRMS for chemical formulazgElssN11015Ss, calculated mass [M+ZRF":
550.6172, found: 550.6153.

Azasulfuryl N,N-Me,Lys® Ull : Purified purity>95%; LCMS chromatogram (0-80% MeCN
(0.1% formic acid), 14 mingt= 9.7 min), purifiecon a Sunfire C18 analytical column (100A,
3.5um, 4.6 mm X 100 mm); LCMS chromatogram (0-80% Me@Hwvater (0.1% formic
acid), 14 min, § = 10.9 min), purifiecon a Sunfire C18 analytical column (100A, ar&, 4.6
mm X 100 mm); HRMS for chemical formulasgEls/N11015Ss, calculated mass [M+ZRF;
564.7192, found: 564.7173.
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7. EXPERIMENTAL SECTION
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4-nitrophenyl chlorosulfate (44) was synthesizedoading to literature methods [57]. 2,4-
Dimethoxybenzaldehyd, mehtyl benzoate, allyl chionmate, triethylamine (NE},
diisopropylethylamine (DIEA), mehtylmagnesium broe pyridine and diethylamine, all
were purchased from Aldrich® and used as receiydldamino acids, N-Fmoc-Zaa-OH,
were purchased from GL Biochem® (Shanghai, Chindll. LO-(Benzotriazol-1-yl)-
N,N,N’,N’-tetramethyluronium tetrafluoroborate (TBJ) was purchased from Albatross®.
Methanol (MeOH) and trifluoroacetic acid (TFA) weerespectively purchased from Fisher
Chemical®, Aldrich®, J. T. Baker®, GenScript® Coration and A&C Chemicals®, and
used as received. Anhydrous solvents [tetrahydaofyTHF), dichloromethane (DCM) and
dimethylformamide (DMF)] were obtained by passageugh a solvent filtration system
(GlassContour®, Irvine, CA). Ethyl acetate (EtOAcd hexanes were purchased from Fisher
Chemical® and fractionally distilled prior to uddicrowave irradiation was accomplished
using a 300 MW Biotage® apparatus on the high-gigor level; temperature was monitored
automatically. Flash chromatography was on 230-#4@sh silica gel, and thin-layer
chromatography was performed on silica gel 60 Flades from Merck®. Melting points
were measured using a Gallankamp® apparatus anghaogrected. Specific rotations]D
values, were calculated from optical rotations ez at 20 °C in CHGlor MeOH at the
specified concentrations (c in g/100 mL) using dmicell (I) on a PerkinElmer Polarimeter
341, using the general formulag{oD = (100 xa)/(I x c). Accurate mass measurements were
performed on a LC-MSD instrument from Agilent teologies in positive electrospray
ionisation (ESI) mode at the Université de Montrigalss Spectrometry facility. Sodium and
proton adducts {[M+Na]+, [M+H]+ and [M+H]+2} were sed for empirical formula
confirmation. 1H NMR spectra were measured in CDCI26 ppm). 13C NMR spectra were
measured in CDCI3 (77.36 ppm). Coupling constardldes are measured in Hertz (Hz) and
chemical shift values are reported in parts pelionippm). Infrared spectra were recorded in
the neat on an ATR Bruker® apparatus.

7.1. Solution synthesis:

Compound 33
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o 1. 0°C, in Et,0

2. CH;MgBr 3M,
©)J\o/ 45°C, 2h : J<OH
—_—

To a solution of methyl benzoate (630pL, Smmol)smL of anhydrous ether, 5mL of a
solution of 3M methyl magnesium bromide in ethesvadded drop-wise at 0°C. The reaction
was brought to 45°C with a warm water bath. Afterh2 TLC (3:7 EtOAc/hexanes)
demonstrated completion conversion of the estel-henyl-propan-2-ol. The reaction
mixture was poured slowly into an ice-cooled satdasolution of NHCI, extracted with
EtOAc (3 x 20mL). The organic phase were washet fine (2 x 10mL), dried, filtered, and
evaporated to afford 98% of 2-phenyl-propan-24dtNMR & 1.60 (s, 6H), 1.75 (s, 1H), 7.26
(t, 1H,J7.1), 7.36 (t, 2H,J7.5), 7.5 (d, 2H,J745-NMR § 32.2, 72.5, 124.8, 127.1, 128.6,
150.0.

Compound 34

OH 1. Py 1.5eq 0
2. PhCOCI 1.3eq J\
> o O
DCM, -5 to 0°C

overnight

To a stirred solution a3 (800mg, 5.88mmol) in 5mL of DCM and Py (750uL, dqgsiv) at -
5°C was added drop-wise over 30min a solution @nghchloroformate (1mL, 1.3equiv) in
4mL of DCM. A thick paste was gradually formed aftee addition. The reaction mixture
was further stirred overnight at 0°C. The mixtur@aswdiluted with DCM (50mL) and
extracted with HCI 1N, NaOH 1N, 4 and brine solution. The organic phase was dried,
filtered, and evaporated, quantitativel-NMR & 1.80 (s, 6H), 7.26 (t, 1H,J7.1), 7.29 (t,
2H,J7.5), 7.38 (t, 2H,J7.5), 7.42 (d, 2H,J7.4)471d, 2H,J7.4) 1°C-NMR § 28.2, 84.5, 121.8,
124.1, 128.6, 129.4, 133.0,144.7, 151.1, 151.6.

Compound 35

£, i
NH5NH, - H,O
©><O o 2 2 2 - ©><O)J\”_NH2
18h
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2.2 mL of hydrazine hydrate (50-60% in,®) was added t@4 (1gr, 3.9mmol) and the
reaction was left and strong stirring for 18h. Thixture then poured into much ice water.
The product was extracted of the aqueous phaseethith acetate (3x 20mL). The combined
organic phase was washed with NaOH 1hOHand brine solution. Dried with sodium sulfate
and the purification was carried out by trituratisith hexane to afford 88% of yield. (R
:0.15) in hexane:ethylacetate (6:41-NMR & 1.60 (s, 6H), 1.75 (s, 1H), 7.26 (t, 1H,J7.1),
7.36 (t, 2H,J7.5), 7.5 (d, 2H,J7.43C-NMR § 32.2, 72.5, 124.8, 127.1, 128.6, 150.0.

Compound 36

%OTO %oro
\

DEA in MeCN \

o 1.5h
Q. Ao Lo
O )
N*-Fmoc-Trp(Boc)-OH (600mg, 1.2mmol) was dissolved #n solution of 25% of
diethylamine in MeCN (20mL). It was stirred at nobemperature for 1.5 h. After completion
of the reaction, the volatiles were evaporated tesadue and the crude was dissolved in
MeOH (20mL) and the fluorenylmethiN-diethylamine group was extracted with heptane
(30mL x 5). White powder with 66% of yield.f/0.09 in EtOAc ; mp: 133- 136°Cla]*% -
20.1°;*H NMR (400 MHz, MeOD) 8.07 (d,J = 8.1 Hz, 1H), 7.68 (d] = 7.7 Hz, 1H), 7.57
(s, 1H), 7.33 — 7.09 (m, 2H), 3.81 (dbF 9.2, 4.2 Hz, 1H), 3.39 (dd,= 15.2, 3.6 Hz, 1H),
3.26 (dt,J = 3.2, 1.6 Hz, 1H), 3.07 (dd,= 15.2, 9.3 Hz, 1H), 1.62 (s, 9HC NMR (400
MHz, MeOD) s 171.11 (s), 147.98 (s), 134.17 (s), 128.37 (s2.92 (s), 122.72 (s), 120.85
(s), 117.24 (s), 113.20 (d,= 6.8 Hz), 81.95 (s), 52.79 (s), 46.68 (s), 467 46.25 (s),
46.04 (s), 45.83 (s), 45.61 (), 45.40 (s), 259)325.14 (s). IR (neat)na/cm 2973, 2934,

1728, 1590, 1366, 1152, 747; HRMS (ESI) m/z catealgor GgH21N2O4 305.1497 found
305.1479.

Compound 37
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N

o o\[(cn o
(1.5eq)
7LO>LN B 0 7LO>LN B
O
O  1.NaOH 1M \/\O)J\ oH

H,N 2. NaOH 2M N
0 3. HCl 1M H o

36 (1.5g, 5mmol) was dissolved in NaOH 1M (20mL), klthloroformate (1.5equiv.) was
then added to the mixture. The reaction was lefteurstirring at room temperature for 3.5h.
During this period, a NaOH 2M (10mL) was added ipoftions to the above mixture. After
the completion of the reaction, HCI 1N was addedHe 4-5. The resulting white suspension
was extracted with EtOAc (20mL x 5). The organiagd was washed with water and brine
solution, dried with dry sodium sulfate. The crusdas purified with DCM:MeOH (9:1), R
0.44. Brown oil with 89% of yield'H NMR (400 MHz, CDC}) § 10.65 (s, 1H), 8.12 (s, 1H),
7.62 — 7.42 (m, 2H), 7.40 — 7.12 (m, 2H), 5.946459m, 1H), 5.42 (d) = 7.9 Hz, 1H), 4.77
(s, 1H), 4.58 (s, 2H), 3.44 — 2.95 (m, 2H), 1.69¢4). **C NMR (101 MHz, CDCJ) § 175.94
(s), 155.92 (s), 149.73 (s), 132.43 (s), 130.291(34.62 (s), 124.32 (s), 122.71 (s), 118.87 (),
118.01 (s), 115.33 (s), 114.84 (s), 83.90 (s), Z(RJ = 31.9 Hz), 76.74 (s), 76.61 — 76.26
(m), 66.05 (s), 53.76 (s), 28.21 (s), 27.54 (s).(MRat)vma/cm™ 2981, 1720, 1368, 1252,
1132, 745; HRMS (ESI) m/z calculated fofoB,4N,NaQs 411.4211 found 411.1513.

Compound 38

(33\ 1. HOBt, DCC 3\
%o N_ in CH,Cl, 30min % o N
0 o L0
\/\OJ\N OH 2 35 incH,Cl, \/\OJ\N N\N)J\O

To a solution of37 in 10mL of DCM was added HOBt (371mg, 1.1equiM)deed by DCC
(566mg, 1.1equiv) and stirred for 30min at roomgenature. Then a solution 86 in 3mL of
DCM was added and the reaction was left underrggimvernight. The work-up was carried
out by the filtration of the crude and the evaporato the residue. At this point the residue
was treated with cold ethyl acetate to the furthegcipitation of N,N’-Dicyclohexylurea
(DCU), filtered again and the EtOAc was washed WH#HCGQ;, Brine and dried with sodium
sulphate. The crude was then purified with a clamgraphy column eluting with
EtOAc:hexane (3:7), white solid withf®.32; [1]*°%5 40.1°; mp 75-77*H NMR (400 MHz,
CDCl) 6 8.41 (s, 1H), 8.13 (s, 1H), 7.63 — 7.44 (m, 2H}#27— 7.15 (m, 7H), 6.93 (s, 1H),
5.86 — 5.65 (m, 2H), 5.37 — 5.02 (m, 2H), 4.6118), 4.45 (s, 2H), 3.31 — 3.15 (m, 1H), 3.08
(s, 1H), 1.80 (s, 6H), 1.66 (s, 9HYC NMR (101 MHz, CDGJ) § 170.91 (s), 156.13 (s),
154.64 (s), 149.66 (s), 145.50 (s), 135.41 (s),.38BZ%s), 130.32 (s), 128.31 (s), 127.12 (s),
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124.44 (d, J = 17.0 Hz), 122.68 (s), 118.98 (s).90Q (s), 115.26 (d, J = 3.8 Hz), 83.67 (s),
82.94 (s), 77.38 (d, J = 11.4 Hz), 77.11 (s), 7§s3066.04 (s), 60.46 (s), 53.22 (s), 28.79 (s),
28.03 (d, J = 35.5 Hz), 21.06 (s), 14.22 (s). IRafhvmal/cmi® 3272, 2979, 2933, 1727,
1682,1225, 745; HRMS (ESI) m/z calculated fasHzsNsNaO; 587.2476 found 587.2480.

Compound 39

) ;
N
0] 0] 1h
H 0
- . H
\/\OJ\N N. Jko><© \/\OJ\ “NH,
H
0]

38 (1.2g, 2.3mmol) was treated with a solution 1.5%T/ DCM 40mL. The reaction was
left for 1h. The crude was then purified with a anhatography column eluting with
EtOAc:hexane (6:4), pale yellow solid withf:®.09; mp 84-86°C*H NMR (CDCk, 400
MHz) & 1.66 (9H, s), 3.14 (1H, dd,= 8.1, 15.0 Hz), 3.20 (1H, dd,= 6.6, 14.8 Hz), 3.57-
3.94 (2H, br), 4.48 (1H, dd,= 7.4, 14.8 Hz), 4.55 (2H, d,= 5.7 Hz), 5.21 (1H, dJ = 10.4
Hz), 5.27 (1H, dJ = 17.2 Hz), 5.42-5.64 (1H, br), 5.83-5.92 (1H, M)20-7.58 (5H, m),
8.05-8.19 (1H, br)**C NMR (CDCE, 100 MHz)$ 156.0, 149.7, 135.5, 132.5, 130.2, 124.8,
124.4,122.8, 118.9, 118.2, 115.5, 115.2, 84.®,683.8, 29.2, 28.3p]*) 7.2° (THF,c 1.04)

IR (neat)vma/cmi® 3290, 1726, 1452, 1367, 1252, 1154, 1085; HRMS)(Ef calculated
for CooH27N4Os [M+H] ™ 403.1981; found 403.1981.

Compound 40

~o
NaBH4
OH
MeOH, 30min ™ 0

2,4-dimethoxybenzaldehyde (1g, 6mmol) was dissolmeB0mL of methanol. Then sodium
borohydride (757mg, 2eq) was added slowly over h0Oifine reaction was left for 30min, the
reaction was checked by TLC eluting with HexaneA&t@7:3). colorless oil with R 0.46;
yield 95%."H NMR (CDChk, 400 MHz)$ 7.29(1H, s), 7.18-7.16 (1H, d), 6.44-6.42(1H, d),
4.58(2H, s), 3.77(3H, s), 3.76(3H, s), 2.98(1H,"¥; NMR (CDCE, 400 MHz)8 55.1, 61.2,
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99.2, 105.1, 123.2, 130.1, 159.1, 161.2; HRMS (B84 calculated for 41303 [M+H]"
169.1159; found 169.1161.

Compound 41

by

Y
40, PPh;, DIAD © .
THF dry, 3h ~

a2 B o ey

O 0 O H o O

To a solution of Fmoc-Tyr(tBu)-OH (1.37g, 3 mmob iTHF dry (5mL) were added
PPR(1,57g mg, 6mmol) and0 (1g, 6 mmol) followed by diisopropyl azodi-carbdatge
(2.28mL, 6mmol), and the mixture was stirred atmo®mperature for 2 h. The reaction was
concentrated and then diluted with EtOAc. The oigdayer was washed with water, dried
(Na&SQOy) and concentrated. Purification by silica gel cotuchromatography, eluting with 5-
30% EtOAc in hexanes, yielded the ester (1.53g,)88%pale yellow oil'H NMR (CDCk,
400 MHz)6 1.36 (9H, s), 3.26 (1H, dd,= 5.9, 15.1), 3.31 (1H, dd,= 5.6, 14.8), 3.804 (3H,
s), 3.810 (3H, s), 4.21 (1H, 1,= 7.2), 4.20-4.30 (2H, m), 4.75-4.85 (1H, m), 5(24, s),
5.47 (1H,dJ=8.1), 6.43 (1H, s), 6.45 (1H, s), 6.91 (HJd&; 8.0), 7.10 (1H, tJ = 7.3), 7.25-
7.45 (5H, m), 7.46 (2H, s), 7.55-7.60 (2H,;mMC NMR (CDCE, 100 MHz)5 28.9, 37.5,
47.23, 55.4, 56.1, 62.5, 66.9, 98.9, 104.1, 1152.0, 124.0, 125.2,127.1, 127.4, 129.0,
130.9, 131.6, 141.6, 143.1, 143.2, 154.9, 155.0,418.61.9, 171.9; IR (neat)/cm™* 1158,
1256, 1452, 1588, 1613, 1729, 2974, 3380; LRMS YESE calculated for GH29NOs
[M+H] " 610.27; found 610.71.

Compound 42
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N-(Fmoc)-(Tyrosine(tBu) 2,4-dimethoxybenzyl esté2 (0.542 g, 0.89 mmol) was
dissolved in MeCN (20 mL) and diethylamine (5mL)saadded to the solution. It was stirred
at room temperature for 1.5 h. After completiortted reaction, the volatiles were evaporated
to a residue and the crude was purified by flagiorolatography eluting with EtOAc:Hexane
2:3, buffed with 2% NEtto afford amine (531 mg, 65 %) as an 6f:0.26 (EtOAc:Hexane
2:3) + 2% NE%; [0]*D = —8.5(CHC}, ¢ 1.31);*H NMR (CDChk, 400 MHz)$ 1.43 (6H, s),
3.26 (1H, ddJ = 5.9, 15.1), 3.31 (1H, dd,= 5.6, 14.8), 3.807 (3H, s), 3.804 (3H, s), 5.12
(2H, s), 6.40-6.50 (2H, m), 7.13 (1H, 8= 7.9), 7.22 (1H, t) = 7.4), 7.29 (1H, t) = 7.3),
7.46 (1H, s), 7.55 (1H, dl = 7.8) *C NMR (CDCk, 100 MHz)& 28.5, 40.8, 54.9, 55.71,
55.75, 62.8, 83.8, 98.9, 104.4, 116.6, 124.5, 12¥28.9, 131.8, 131.8, 154.9, 159.4, 161.7,
175.5; IR (neat) Ma/cmi* 1158, 1256, , 1452, 1588, 1613, 1729, 2974, 3BBAMS (ESI)
m/z calculated for &H3oNOs: 388.2118, found: 388.2109.

Compound 44

e} o
1. 4-NitroPhenyl Chlorosulfate
SN 2. amine, p-Nitrophenol, TEA ON \©\ o0 0 SN
-78°C 1hto rt 1.5h 57 0
0 0

4-Nitrophenyl chlorosulfate (2.58g, 10.84 mmol,gaeed according to reference [57]) was
dissolved in dry DCM (10mL) and treated drop-wiséhwa solution of amine (2.089g,
5.42mmol), 4-nitrophenol (2.261g, 16.61 mmol) andthylamine (4.5 mL, 32.52 mmol) in
dry DCM (50 mL) at —78 °C. It was stirred at —78 f&€ 2h. The reaction mixture was then
allowed to warm at room temperature under stirfiag 1 h. The reaction mixture was
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evaporated to a residue, dissolved in DCM(20mL)shveal with sat. NaHC{(aq.) (3 x 25
mL), dried over MgSQ filtered. The crude was purified by flash chroamgtphy eluting
with hexane:ethyl acetate (8:2) to afford the sulttate contaminated with 4-nitrophenol.
Yield 56% as a solidRf :0.30; mp 110-11%; [0]*% 6.2 (CHC4, ¢ 0.97); *H NMR (CDCl,
400 MHz)6 1.41 (9H, s), 3.14 (2H, dd,= 5.0, 14.8), 3.83 (6H, s), 5.10 (2H, s), 6.4686.4
(2H, m), 6.94(2H, d) =7.8), 7.20-7.30 (2H, m), 7.34 (1H, Atz 1.1, 7.2), 7.48 (1H, s), 7.44
(1H, d,J = 7.8), 8.15 (2H, m)**C NMR (CDCk, 100 MHz)§ 27.5, 35.0, 56.73, 60.79, 62.4,
86.4, 100.5, 106.1, 116.9, 124.1, 126.7, 128.1,42210.2, 154.6, 157.6, 159.2, 160.2, 171.7,
IR (neat) w/cmi* 728, 864, 1155, 1346, 1487, 1736, 2975; HRMS (EBS8%) calculated for
CogH3:N>0O10SNa: 611.1669, found: 611.1670.

Compound 45

0
O,N N \‘/
\©\o\\s’/o o o (0]
N TEA 1.1eq 9\0%”/
o O

MeCN 0 H OO RN
N
o mi R NS L e o
)\\ icrowave irradiation, H H H
% o N 60°C, 3 o o A0
0}
H 66%
\/\OXH N‘NHZ
O
1.1eq

Hydrazide39 (250 mg, 1.1equiv) and sulfamidaté (352mg, 0.60mmol) were dissolved in
MeCN (6 mL) in a 2-5 mL microwave vessel. Triethgiae (93 puL, 1.1equiv) was then
added to the mixture, at which point the solutioméd yellow. The microwave vessel was
sealed and the solution was heated at 60 °C unideowave irradiations for 3 h. The mixture
was then evaporated to a residue. The crude waeduby flash chromatography eluting
with EtOAc:Hexane (3:7); to afford sulfamidel6 (yield 60 %) as a pale yellow soligf0.23
(EtOAc:Hexane 3:7)mp 101-104°Cja]*®s —-8.3; (CHC}, ¢ 1.10);*H NMR (CDClk, 400
MHz) 6 1.31 (9H, s), 1.66 (9H, s), 3. 02-3.09 (4H, mB23(6H, s), 4.35-4.40 (1H, m), 4.42-
4.48 (1H, m), 4.50-4.53 (2H, m), 5. 09 (2H, s),%(1H, d,J = 10.5), 5.19 (1H, d] = 10.5),
5.23 (1H, dJ =17.2), 5.62 (1H, d] = 7.7), 5.80-5.90 (1H, m), 6.41-6.45 (2H, m), 66/88
(2H, m), 6.96 (1H, s), 6.98 (1H, d,= 7.8), 7.19-7.21 (2H, m), 7.23-7.25 (2H, m), 73
(2H, m) 8.05-8.10 (2H, m)*C NMR (400 MHz, CDGJ) § 171.91 (s), 170.24 (s), 161.71 (s),
159.15 (dJ = 12.3 Hz), 155.80 (s), 154.58 = 14.8 Hz), 149.84 (s), 135.42 (s), 132.32 (S),
131.99 (dJ = 14.9 Hz), 130.38 — 129.57 (m), 125.06 (S), 124d;J = 14.0 Hz), 124.34 (s),
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123.95 (s), 122.93 (s), 118.94 (s), 118.06](d,25.0 Hz), 115.46 (d] = 27.1 Hz), 114.63 (s),
104.05 (s), 98.54 (s), 84.19 (s), 78.46 (s), 7{s)077.01 (s), 76.83 (s), 66.10 (M= 22.5
Hz), 63.52 (s), 57.16 (d,= 12.3 Hz), 55.42 (1) = 6.7 Hz), 53.52 (s), 37.85 (d~= 15.0 Hz),
29.71 (s), 29.12 — 28.77 (m), 28.76 — 27.94 (m)128- 27.94 (m), 27.87 (s), 26.72 (S);
LCMS monitoring [40-90% MeOH (0.1% FA) in water 18 FA) over 14 min, RT = 8.50
min]; IR (neat) wa/cm® 1152, 1255, 1368, 1452, 1511, 1615, 1717, 29496:3RRMS
(ESI) m/z calculated for £Hs3NsNaO,S 874.3303; found 874.3295.

Compound 46
Q o
7LO>LN/ BTTP (leq) 9\ >\\N o
fe) H O, 0 SN THF 30min O
\/\O)LN N‘N'S\N N
H H H /\/\/Cl H

(0]

CI

To a solution of45 (0.74mmol) in THF (14mL) at 0°C under stirring wadded BTTP
(226pL, 1 equiv.) and the reaction was left for 8drithen 1-Bromo, 4-Clorobutane (170 uL,
2 equiv.) was added quickly to the mixture. Thectieam was left for 3.5h at 0°C. Then was
warm to room temperature overnight. White powdeiel 66%); R: 0.34; mp 88-91 °C;
[a]*%5= —7.1(CHC}, ¢ 1.10) *H NMR (400 MHz, CDCJ) & 8.15 (d,J = 8.2 Hz, 2H), 7.69 —
7.54 (m, 4H), 7.29 (dddl = 30.7, 19.0, 7.7 Hz, 7H), 6.99 @@= 8.4 Hz, 4H), 6.84 (1) =5.5

Hz, 4H), 6.54 — 6.41 (m, 4H), 5.90 (ddbs 16.1, 10.9, 5.7 Hz, 2H), 5.66 (s, 1H), 5.44Xd,

7.2 Hz, 2H), 5.33 — 5.05 (m, 8H), 4.55 (5 5.0 Hz, 4H), 4.49 — 4.35 (m, 4H), 4.15 {g+

7.2 Hz, 1H), 3.84 (d) = 6.1 Hz, 11H), 3.47 (1 = 6.5 Hz, 4H), 3.26 — 3.13 (m, 7H), 3.06 {d,

= 5.6 Hz, 4H), 1.76 (dd] = 8.8, 5.8 Hz, 5H), 1.68 (d,= 3.0 Hz, 17H), 1.46 (s, 4H), 1.33 (d,
J = 2.8 Hz, 17H),*C NMR (400 MHz, CDGJ) § 170.38 (s), 161.61 (s), 159.12 (s), 154.52
(s), 132.30 (s), 132.02 (s), 130.14 (s), 129.941(34.78 (s), 123.96 (S), 122.84 (s), 118.95 (s),
115.69 (s), 115.41 (s), 104.05 (s), 98.49 (s), 982, 77.37 (s), 77.05 (s), 76.73 (S), 63.29 (S),
57.09 (s), 55.43 (d] = 6.0 Hz), 50.68 (s), 44.45 (s), 37.97 (s), 3q9329.13 (s), 28.86 (s),
28.18 (s), 24.28 (s), 14.21 ($)CMS [40-90% MeOH (0.1% FA) in water (0.1% FA), gon,
RT= 7.8 min]; IR (neatyma/cm™ 3280, 1727, 1453, 1366, 1255, 1155, 1087; HRMS)(ES
m/z calculated for GsHe1CIN5O12S [M+H]" 942.3715; found 942.3705.

Compound 47
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i 73%

Cl

S e b
N Q o)
© O/ O\ >\‘N
H O .0 TFA 1% in DCM o —
A N A N. .S< (o] o) 0. 0
(0] N N H - = )L H \\S’/ OH
H o o] _0 N0 N NN
H o IH o

Cl
Sulfamide46 (0.27mmol) was dissolved in a solution of 1% TFADCM (5mL) under

stirring for 1h. The product was triturated in@&t Pale yellow solid, 73% of yield. Rf: 0.21 in
EtoAc:hexanes (4:1); mp 112-115°&4 NMR (400 MHz, CDC}) & 7.99 (d,J = 41.5 Hz,
2H), 7.66 (s, 1H), 7.43 — 7.23 (m, 3H), 7.16J¢; 8.3 Hz, 3H), 6.90 (d] = 8.3 Hz, 2H), 6.08
(s, 1H), 5.93 - 5.70 (m, 2H), 5.22 (dbs 23.6, 13.9 Hz, 2H), 4.57 (s, 1H), 4.46 Jd; 17.2
Hz, 3H), 3.86 — 3.60 (m, 2H), 3.49 {t= 6.0 Hz, 3H), 3.17 (d = 40.2, 17.7 Hz, 5H), 1.76
(s, 2H), 1.74 — 1.58 (m, 10H), 1.47 (dds 33.4, 25.2 Hz, 2H), 1.32 (d,= 5.6 Hz, 10H)*C
NMR (400 MHz, CDCY) 6 174.30 (s), 156.29 (s), 154.39 (s), 149.80 (s».28(s), 132.30
(s), 130.80 — 130.61 (m), 129.91 (s), 129.60 (24.48 (s), 123.93 (s), 122.34 (s), 118.01 (s),
117.52 (s), 115.08 (s), 114.28 (s), 84.13 (s),(8.07.80 (m), 66.37 (s), 56.41 (s), 53.73 (s),
53.52 — 53.33 (m), 50.74 (s), 50.49 (s), 44.37 AA4m), 37.31 (s), 24.35 (s). The reaction
was by monitored with LCMS [40-90% MeOH (0.1% FA)water (0.1% FA), 14 min, RT=
10.0 min]; IR (neatyma/cm* 3280, 1727, 1453, 1366, 1255; HRMS (ESI) m/z datedl for
Cs7H50CINsO10S: 814.2859, found: 814.2864.

7.2. Solid phase synthesis:

Compound 49

OtBu
Ali31, DIC, HOBt BocN
TrtS .
j\n/H 0 DCM:DMF (1:1) 5 o
N o/n HO\\ //O H
w0 - o A LR L L 0Q
© H o Hoo Ho o
i STrt
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47 was dissolved in DCM:DMF (1:1), HOBt (28mg, 2eqyiand DIC(126uL, 2equiv.) were
added and the resulting mixture was added8d0.1mmol). The reaction was left on the
shaker at room temperature overnight. The resinfitesed, washed with DMF (3 x 10 mL),
MeOH (3 x 10 mL), THF (3 x 10 mL),and DCM (3 x 1@ )ndried under vacuum, and stored
in the fridge. By monitoring with LCMS [20-80% MeO9.1% FA) in water (0.1% FA), 20
min, RT= 7.5 min, 80% conversion] of the residu¢aoted from cleavage of a resin aliquot
(3 mg) using 1 mL of TFA/TES/H20 (95:2.5:2.5, v/y/vesin filtration and evaporation.

Compound 50

OtBu
BocN
0 o0 0 0 NaN, in DMF
N N J N N oO sonication
O N N N N /
H Ho H o/n

STrt >

J_f

Cl

OtBu
BocN
o] o.,0 o
H N H
S iy A N S A N A A 0D
H o H o H 9o
STrt

N;

To a plastic syringe tube equipped with Teflon™efil stopper and stopcock containing a
suspension o#9 (0.1mmol/g) in DMF (2 mL), solid Naj{1l0 equiv.) was added and the
mixture was heated in a water bath with a soracatit 60°C overnight. The resin was
filtered, washed with DMF (3 x 10 mL), MeOH (3 8 finL), THF (3 x 10 mL),and DCM (3

x 10 mL), dried under vacuum, and stored in thégii By monitoring with LCMS [20-90%
MeOH (0.1% FA) in water (0.1% FA), 14 min, RT= #rBn, 80% conversion] of the residue
obtained from cleavage of a resin aliquot (3 mghgid mL of TFA/TES/H20 (95:2.5:2.5,
vIvIv), resin filtration and evaporation.

Compound 51
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OtBu OtBu

BocN BocN
Q 0.0 Q 0
Y H H O 0 H
7 N 0- .
Sy N Sy N ) i N S N Ay QD
H o Ho o Ho o 0 H o Ho o
STrt STrt
Pd(PPhs),, DMBA

DMF:DCM

N3 N3
To a plastic syringe tube equipped with Teflon™efi| stopper and stopcock containing a
suspension 060 (0.1mmol/g) in 4mL of DMF:DCM (3:1), solid yellow”d(PPh), (0.1
equiv.) and DMBA (10equiv.) was added and the nmetwnder argon for 1h and the process
was repeat for a second time. The resin wasddtewashed with DMF (3 x 10 mL), MeOH
(3 x 10 mL), THF (3 x 10 mL),and DCM (3 x 10 mL})jetl under vacuum, and stored in the
fridge. The reaction was shown to have gone to 80#ersion by monitoring with LCMS
[10-90% MeOH (0.1% FA) in water (0.1% FA), 20 mRT= 9.1 min, quantitative] of the
residue obtained from cleavage of a resin alig@oimg) using 1 mL of TFA/TES/H20
(95:2.5:2.5, viviv), resin filtration and evapooeti

Compound 53

OtBu
BocN
TrtS = o
o] o]
H H O, O H
BocHN NJ\WN . N Sy N Nj;(oo
H H H H TCEP( 6eq)
o] o] o] o]
o STrt in THF:H,0
R
OtBu

A plastic syringe tube equipped with Teflon™ filtestopper and stopcock containing a
suspension of azide derivative on resin (0.1 mgydali THF/H20 (9/1, viv) (3 mL) was
treated with TCEP (3 equiv.). The mixture was dgdafor 24h at room temperature on an
automated shaker. The resin was filtered, washéa BMF (3 x 10 mL), MeOH (3 x 10
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mL), THF (3 x 10 mL), and DCM (3 x 10 mL), driedder vacuum, and storedin the fridge.
Quantitative conversion was ascertained by LCMSitadng [10-90% MeCN (0.1% FA) in
water (0.1% FA) over 15 min, RT = 7m6in, 90% conversion] of the residue obtained from
cleavage of resin aliquot (3 mg) with 1 mL of TFAS/H20 (95:2.5:2.5, v/viv), resin
filtration and evaporation.

Compound 55
S

OtBu OtBu
BocN ~. BocN
_ H — o
(0] 0. .0 o} : o, i 0 O H
H Oy, H solution 40% in water H 2
°g7 > N. ~ N (0]
\/\OXN N‘N'S\N N N OO — \/\OXN N N O
H H H in DMF, sonicator, H H o H o
o o} o} e}
STrt 60°C, o/n STrt

Cl N

(SN
N

To a plastic syringe tube equipped with Teflon™efi| stopper and stopcock containing a
suspension o060 (250 mg, 0.1mmol/g), 60QL of 20% piperidine in DMF (6 mmol, 10
equiv.) were added, and the mixture was heatedwnatar bath with sonication at 60 °C for 4
h. The resin was filtered, washed with DMF (3 xr0), MeOH (3 x 10 mL), THF (3 x 10
mL), and DCM (3 x 10 mL), dried under vacuum, atated in the fridge. The reaction was
shown to have a quantitative conversion by momtpmwith LCMS [10-90% MeOH (0.1%
FA) in water (0.1% FA), 14 min, RT = 9.1, quanikal of a residue obtained from cleavage
of a resin aliquot (3 mg) with 1 mL of TFA/TES/H205:2.5:2.5, v/v/v), resin filtration and
evaporation.
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9. SPECTRA SECTION
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LC-MS Spectra
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Compound 5Qcoupling tripeptide on resin): LCMS chromatogré28-00% MeOH, 14 min, R.T. = 7.5 min), on
a Sunfire C18 analytical column (100A, 3u%, 4.6 mm X 100 mm).
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Compound 5Xchloride to azide on resin): LCMS chromatogram-@2% MeOH, 14 min, R.T. = 7.3 min), on a

Sunfire C18 analytical column (100A, 3uf, 4.6 mm X 100 mm).

Compoundn54azide t6 primary a{mine on résin): LCMqS chromat‘(;g(ao-goo/g MeOH, 1‘5 mi?;, RT.=7.6
min), on a Sunfire C18 analytical column (100A, 88, 4.6 mm X 100 mm).
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Compound 5@chloride to NMg on resin): LCMS chromatogram (10-90% MeOH, 14 R, = 9.1 mi
Sunfire C18 analytical column (100A, i/, 4.6 mm X 100 mm).
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Compound 468 LCMS chromatogram (40-90% MeOH, 14 min, R.T. & &in), purified on a Sunfire C18
analytical column (1004, 3.6m, 4.6 mm X 100 mm).
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Compound 47 LCMS chromatogram (40-90% MeOH, 14 min, R.T. & iin), purifiedon a Sunfire C18
analytical column (100A, 3.6m, 4.6 mm X 100 mm).
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Compound 48 LCMS chromatogram (20-90% MeOH, 14 min, R.T. =01®in), crudeon a Sunfire C18
analytical column (1004, 3.6m, 4.6 mm X 100 mm).

154



@LT@?%W

Aza-sulfuryl-Lys® U-II
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Aza-sulfuryl-Lys U-II

: LCMS chromatogram (10-90% MeOH, 14 min, R.T. & fin), crudeon a Sunfire C18

analytical column (100A, 3.6m, 4.6 mm X 100 mm).
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Aza-sulfuryl-Lys U-II :

LCMS chromatogram (10-90% MeCN, 14 min, R.T. & iin), purifiedon a Sunfire
C18 analytical column (1004, 3;6n, 4.6 mm X 100 mm).
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LCMS chromatogram (10- 90% MeOH, 14 min, R.T. # Bun) punfledon a Sunfire
C18 analytical column (100A, 36n, 4.6 mm X 100 mm).
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MS Zoomed Spectrum

x10 6 |Cpd 1:C48 H63 N11 013 S3: +ESI Scan (0.08-0.13 min, 4 Scans) Frag=120.0V Ali45_b.d
1 550.26121
1.754 (M+2H)+2
1.5
1.254
1_
0.75
0.54
0.254
0 . 0.1 — . . . . . .
545 550 555 560 565 570 575 580 585

Counts vs. Mass-to-Charge (m/z)

HRMS for chemical formula: GHgsN11013Ss, calculated mass [M+21f": 550.6172, found: 550.6153.
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Aza-sulfuryl-N,N-Me,-Lys® U-Il : LCMS chromatogram (10-90% MeCN, 14 min, R.T. Z 8in), crudeon a
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Sunfire C18 analytical column (100A, 3/, 4.6 mm X 100 mm).

O
| o®
|

miny

0 2 4 6 8 10 12
LCMS (0-80% MeCN, 14 min, R.T. = 8.7 min, purity, purifiedon a Sunfire C18 analytical column (100A,
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um, 4.6 mm X 100 mm); Purity95%.
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0
LCMS (0-80% M
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4.6 mm X 100 mm); Purity95%.
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eOH, 14 min, R.T. = 11.6 min), purdien a Sunfire C18 analytical column (100A, @8,
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MS Zoomed Spectrum

x10 4
34
2.5+
2_
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14
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0

Cpd 1: C50 H67 N11 O13 S3: +ESI Scan (0.08-0.13 min, 4 Scans) Frag=120.0V Ali-NMe2.d

564.71737
(M+2H)+2

L e

552 554 556 558 560 562 564 566 568 570 572 574 576 578 580 582 584
Counts vs. Mass-to-Charge (m/z)

HRMS for chemical formula: §Hs7N11015Ss, calculated mass [M+2ZRf*; 564.7192, found: 564.7173.
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