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General Introduction



2 Chapter 1

1.1 The Neuropeptide Y (NPY) Family

Neuropeptide Y (NPY) belongs together with peptide YY (PYY) and pancreatic polypeptide (PP) to a
peptide family of neuroendocrine hormones. The three members of the so called neuropeptide Y
family all consist of 36-amino acids with C-terminal amidation, which is essential for biological

activity," and share considerable amino acid homology (Table 1.1).

Table 1.1: Amino acid sequences of the peptides of the human neuropeptide Y family.

hNPY YPSKPDNPGEDAPAEDMARYYSALRHYINLITRORY-NH;
hPYY YPITKPEAPGEDASPEELNRYYASLRHYLNLVTRQRY-NH>
hPP APLEPVYPGDNATPEQMAQYAADLRRYINMLTRPRY-NH,

NPY, one of the most abundant neuropeptides in the central and peripheral nervous system,” was
first isolated by Tatemoto and coworkers from porcine brain in 1982,%> and was proven to be highly
conserved across species.” PYY, discovered while searching for C-terminally amidated peptides in the
extracts of porcine intestine,” shows greater variability, whereas PP, isolated as a contaminant in
chicken insulin (1968),% 7 only reveals 50 % identity within mammals.?

In the central nervous systems, NPY was discovered in the basal ganglia, hypothalamus, amygdala
and the hippocampus, where it acts as cotransmitter, e.g. with noradrenaline or GABA.>* In the

periphery, NPY is present as a cotransmitter in sympathetic neurons, where it is co-stored and co-

13, 14

released with noradrenaline. Additionally, NPY was found in the parasympathetic nervous

system. The gut hormones PYY and PP are released in the gastrointestinal tract, where they regulate

3,15

pancreatic and gastric secretion. Furthermore, the hormones of the neuropeptide Y family are

associated with a broad range of biological effects such as stimulation of food intake,’® memory

processes,”’ anxiolysis,® hypothermia,’® etc. Moreover, they are considered to be implicated in

20-24 25-29

various diseases such as dysregulation of food intake and obesity, mood disorders,

33-35 36-38 39-43

alcoholism,?”***? bone physiology, pain and cancer.

The crystal structure of the avian pancreatic polypeptide (aPP) was resolved by X-ray analysis.* *°
The 3D structure comprises a polyproline-like helix at the N-terminus (1-8), followed by a B-turn (9-
13) and an anti-parallel a-helical residue (14-31). Thereby, the C-terminal part (32-36), revealing the
most crucial residues for receptor binding, was considered rather flexible. The hairpin-like
conformation, the so called “PP-fold”, which leads to a close proximity of N- and C-terminus,

stabilized by hydrophobic interactions, was also proposed for porcine NPY (Figure 1.1) due to its high

sequence homology (50 %).*® A comparable tertiary structure could later be confirmed for PYY."’
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Figure 1.1: Tertiary structure of
porcine NPY (according to Allen et
46); basic residues; e acid
residues; ® tyrosine residues.

polyproline-like helix

The three-dimensional structure of NPY and PP in solution was intensely investigated by several

groups over the last decades using NMR techniques and CD spectroscopy as well as FRET-based

approaches. While some of these studies confirmed the PP-fold structure (cf. Figure 1.2: A),*"!

others reported contradictory findings, e.g. dimeric structures through a-helical contacts and

conformations with non-helical and flexible N-termini (cf. Figure 1.2: B).>**°

Figure 1.2: Structure of (A) bPP in solution according to Li et al.”" supporting a hairpin-like conformation
determined by X ray crystallography; (B) pNPY in solution according to Monks et al>* contradicting the PP-fold
theory and proposing a flexible N-termini. Structural data are obtained from the Protein Data Bank (PDB access
code 1BBA and 1RON, http://www.pdb.org/pdb/home/home.do)

However, conformational NMR studies are predominantly performed under unphysiological
conditions with high concentrations of NPY in the millimolar range or pH values considerably lower
than 7.4 in order to increase the solubility of the investigated peptides. Therefore, the relevance of
these data with respect to the biologically active conformation of NPY under physiological conditions
must be put into question. Interestingly, CD spectroscopic analyses revealed different conformations
of NPY, co-existing in a dynamic equilibrium depending on the peptide concentration and the pH
value. Probably, a hairpin-like conformation is favored under physiological conditions.>” Additionally,
interactions of NPY and PP with the surface of the cell membrane were studied suggesting a

conformation of NPY and PP which differ from the PP-fold structure(cf. Figure 1.3).>% %%
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Figure 1.3: Structure of (A) bPP bound to micelles according to Lerch et. al.;*® (B) pNPY bound to micelles
according to Bader et al>®; The N-terminal part is flexible, while the C-terminal a-helix interacts with the
membrane surface. In case of bPP a part of the N-terminus is also associated to the membrane; no PP-fold
conformation could be observed. Structural data are obtained from the Protein Data Bank (PDB access code
1LV and 1F8P, http://www.pdb.org/pdb/home/home.do).

1.2 Mammalian NPY Receptor Subtypes

The neuropeptide Y, PYY and PP interact with a family of seven transmembrane G-protein coupled
receptors (GPCRs) belonging to the rhodopsin like superfamily (class 1) of receptors. To date, five
mammalian NPY receptor subtypes, termed Y4, Y,, Y4, Y5 and yg receptor, have been cloned.* ®*%" The
yes receptor was found to be functional in mice, but non-functional in most mammalian species; while
being a pseudogene in many mammals, it is missing at all in the rat genome.®® All NPY receptor
subtypes were shown to activate pertussis toxin sensitive Gy, proteins, mediating the inhibition of

69, 70

forskolin-stimulated cAMP accumulation. In addition, NPY receptors (Y4, Y,, Y4, Ys5) are reported to

couple to phospholipase C, resulting in an increase of the intracellular calcium concentration.®” "+’
Thereby, the extent of the calcium response depends on the cell type.®

In Table 1.2 the binding profiles, the localization and the physiological role of the mammalian NPY
receptor subtypes (except for yg) are summarized.

Table 1.2: Binding profile, localization and physiological role of the mammalian NPY receptor subtypes.7s'83

Binding Profile Localization Involvement

regulation of blood pressure,
seizures and food intake,
anxiety, pain sensitivity,
depression, angiogenesis,
alcohol consumption

smooth vascular muscles
(postjunctionally), cerebral
cortex, hypothalamus, colon,
human adipocytes

NPY = PYY = [Leu®?, Pro®*]NPY >
Y, NPY2-36>NPY3-36 2 PP >
NPY13-36

regulation of blood pressure,
seizures and food intake,

NPY > NPY2-36 ~ NPY3-36 =

hippocampus, hypothalamus,

anxiety, pain sensitivity,

Y, NPY13-36 >> [Leu®™, Pro™NPY nerve gndlngs, (pre- and post- depression, 'anglogene5|s,
synaptic), renal tubules hypothalamic
regulation of bone formation,
regulation of Gl motility
Y, PP >PYY>NPY>NPY2-36 F)raln, coronary arteries, food |n.t§ke, regulation of
ileum Gl motility
NPY = PYY = NPY2-36 > hPP food intake, seizures,
Ys Hypothalamus

> NPY13-36 > rPP

anxiety
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1.2.1 NPYY, Y, and Y; Receptors and their Ligands

1.2.1.1 The NPY Y; Receptor

The Y;R was the first NPY receptor to be cloned in 1990 as a rat orphan receptor by Eva et al.* The
identification of the human gene followed two years later.®* ® The Y;R consists of 384 amino acids
and is highly conserved, showing 90 — 96 % overall identity across orders of mammals.?® Additionally,
a high tendency to agonist induced internalization was observed for the Y;R as described for

radioligand binding studies®, confocal microscopy with fluorescent ligands®’ or GFP tagged Y;R®.

The most characteristic property of the Y;R is the enormously decreased affinity of N-terminally
truncated analogs of the endogenous peptides NPY or PYY.¥ NPY(2-36) reveals a 75-fold decrease in
affinity in comparison to NPY. Further truncated sequences such as NPY(3-36), NPY(13-36) and
NPY(18-36) are almost devoid of Y;R affinity with K; values in the micromolar range.® By contrast,
modifications in the C-terminal part were successful with respect to selectivity for the Y;R over the
Y,R, for instance, replacement of single amino acids e.g. [Leu®?,Pro**INPY.** In 2001 Mullins et al.*?
reported on selective Y;R agonists obtained by the introduction of D-amino acids, e.g. [D-Arg®*]pNPY
and [D-His]pNPY. A further increase in selectivity was obtained by central truncation and cyclization
of the endogenous ligands (e.g. Des-AA11-18[Cys’?!, D-Lys’(Ac), D-His*®, Pro**INPY). Surprisingly,
even compounds lacking the N-terminal part of NPY could be developed within the last decades.
Takebayashi et al. for example published a cyclized peptide c[D-Cys29-L-Cys34]NPY Ac***® (YM-
42454).°* ** Additionally, high YiR affinity and selectivity was observed for the linear peptide
pNPY(25-36) containing B-ACC (B-aminocyclopropanecarboxylic acid) in position 34 and/or 32.% As
this high level of YR affinity and selectivity was not obtained with truncated analogs comprising the
natural sequence, one may speculate that the unnatural B-amino acid stabilizes a secondary
structure which is preferred upon Y;R binding. Introduction of non-proteinogenic amino acids such as
norleucine (Nle) or 4-benzoylphenylalanine (Bpa) into the C-terminal nonapeptide of NPY, recently
reported by Zwanziger et al.,*® led to the identification of the first Y;R selective peptide with reduced

size and affinity in the low nanomolar range.

The first non-peptidic Y;R antagonist described in literature was the arpromidine-type
compound BU-E-76 (HE 90481), originally designed as H,R agonist,”” with a pA, value of 4.4 in human
erythroleukemia cells.”® To date, a wide variety of highly potent and selective non-peptidic Y:R
antagonists with affinities in the nanomolar and subnanomolar range have been developed, including
BIBP 3226, the first compound published as highly potent and selective for the Y;R subtype. A

selection of non-peptidic Y;R antagonists is shown in Figure 1.4.
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Figure 1.4: Examples of non-peptidic and selective Y;R antagonists. a: Rudolf at al.” , b: Wieland et al.loo, c: Sit

101 102 104 105

etal.”", d: Zarrinmayeh et al.”*, e: Kanatani et al.103, f:Griffith et al. =, g: Hipskind et al.

1.2.1.2 The NPY Y, Receptor

In 1986 the Y, receptor was identified by pharmacological studies with N-terminally truncated
analogs of NPY and PYY using vascular preparations (e.g. NPY(3-36) and NPY(13-36))." In 1995, the

human Y,R, which consist of 381 amino acids, was cloned from SMS-KAN cells and subsequently from

106, 107

human brain cDNA libraries. Although this receptor subtype turned out to be highly conserved

across species with a sequence homology of 90 — 96 %, it shares only 30 % overall identity with the

86, 108

Y:R and the Y,R, respectively. Reports in terms of Y,R internalization are contradictory. Thus,

desensitization of the receptor after agonist stimulation could be detected in LN319 cells,”* but in

contrast to the YR, the internalization process was observed only after prolonged agonist

86, 88

excitation and was described to be quite slow.’®
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In contrast to the Y;R, N-terminally truncated analogs such as NPY(13-36), PYY(3-36), [Leu®']PYY(24-
36) and AcPYY(22-36)still revealed full agonistic activities with comparable potencies compared to
the endogenous ligands, and have been intensively studied in the past.”” *'** On the other hand,
the Y,R seems to be more sensitive to substitutions in the C-terminus. Thus, replacement of the
amino acids in positions 31 and 34 of NPY with the corresponding amino acids of the PP sequence
yielding [Pro*'INPY and [Leu®!,Pro®*]NPY show only low Y,R affinity, indicating that the C-terminal

9L 14 However, centrally truncated analogs connecting,

part is more important for receptor binding.
e.g., NPY(1-4) and NPY(25-36) via a 6-aminohexanoic acid linker affording [Ahx>**]NPY, showed Y,R
affinity comparable to that of the native ligand NPY.'**> Therefore, one may speculate that the C-
terminal part of NPY is crucial for key interactions with the Y,R, whereas the N-terminus seems to be
less important. This is supported by the results obtained from an alanine scan. The amino acids Arg®
and Tyr*® were identified to play a key role in binding.™® Currently, the development of Y,R agonists
is focused on modified and truncated PYY analogs such as PYY(22-36) (BT-48), branched PYY(3-36)
derived ligands or replacements of the phenolic OH group of the C-terminal tyrosinamide in PYY(3-

36) with a halogen or an amine function.'*’"*?

In 1999, BIIE 0246 was reported as the first highly selective non-peptide Y,R antagonist with a one-

120 The design and development of BIIE 0246 was based on the truncated

digit nanomolar affinity.
NPY analogs.'™ The potential of Y,R ligands as therapeutics for the treatment of obesity led to an
intensified search and identification of low molecular weight compounds mainly with the help of high

throughput screening. A selection of such small Y,R antagonists is depicted in Figure 1.5.
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Figure 1.5: Examples of non-peptidic and selective Y,R antagonists: a: Doods et al.”, b: Bonaventure et al.™, c:

Andres et aI.lB, d: Shoblock et al.m, e: Brothers et al."*

1.2.1.3 The NPY Y;s Receptor

The existence of the Y5 receptor was suggested based on the observation that both, NPY and NPY(2-
36), produced a large increase in feeding after intracerebroventricular administration. Due to the fact
that NPY(2-36), is less potent at the Y;R than the native sequence, this observed orexigenic effect

was supposed to be mediated by another NPY receptor subtype which was firstly referred to as

“feeding receptor”.®® *’ Cloning of the NPY YR from rat hypothalamus was published in 1996.%*

Within the NPY receptor family, this subtype represents the largest protein. It consists of 445 amino
acids with an extended third intracellular loop comprising about 100 amino acids more than the

other NPY receptor subtypes and a quite short C-terminus. Furthermore, the YsR shows a high

128, 129

homology within species with an 88 — 90 % overall identity. Similar to the Y;R a high tendency

of receptor internalization was observed for the YsR."*
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The first YsR selective NPY analog was [D-Trp*2]NPY, an antagonist published by Balsubramaniam et
al.™®" A Y<R selective agonist was designed based on NPY analogs and NPY/PP-chimeras containing Ala
and Aib (aminoisobutyric acid) substitutions, which were identified as a key motif for YsR selective
compounds. Thereby, [Ala*!,Aib*’INPY turned out to be a highly potent and selective YsR agonist
which was able to induce feeding in rats.>® **?

In 1997, the first selective non-peptidic antagonist, CPG 71683A was published. However, due to
unfavorable properties (poor solubility) and, in particular, off-target effects, this compound turned
out to be an imprecise tool for investigations on the role of the YsR. Nevertheless, numerous YsR
ligands covering a broad spectrum of chemical structures were designed and synthesized within the

last decade (examples cf. Figure 1.6), and several compounds, e.g. MK-0557 (Merck & Co., Inc.), even

entered clinical trials.?
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o) 0
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Figure 1.6: Examples of selective, non-peptidic YsR antagonists. a: Criscione et al.”’, b: Walker et al.'*’,

Kanatani et a|.134, d: Itani et aI.135, e: Sakamoto et al.l?’e, f: Erondu et al.**’

1.2.2 The NPY Y, Receptor and its Ligands

The NPY Y,4R, previously designated as PP1 receptor because of its preference of PP over NPY and

66, 138
h

PYY, was identified as a novel receptor by an Y;R homology-based approach. The overall

sequence identity of Y,R and Y;R amounts to 42 %. A Y,R clone was first isolated in 1995 by Lundell et

66,71

al., followed by Bard et al., by sequence homology screening of Y;R probes. Meanwhile, orthologs

24, 138

such as the rat and the murine® Y,R have been cloned. In terms of receptor internalization

contradictory results have been reported: while Y4R transfected CHO cells did show neither receptor

139

internalization nor desensitization even after 24 hours of incubation with PP,” a rapid sequestration
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of the guinea pig Y4R expressed in CHO same cells was observed, when [***I]PP was used as an
agonist.™*

Interestingly, the NPY Y,R shows a low degree of sequence identity across species. The rat Y,R, for
example, only shares 75 % sequence homology with the human ortholog.®® Hence, the YiR is
considered one of the most rapidly evolving GPCRs known to date.”® This does not seem surprising as
the preferred ligand, PP, only shares a low homology across species, either. Thus, PPs from other
species often have much lower affinity to the human Y, receptor. For example, the affinity of rPP for

%0 The most characteristic

the hYa receptor is more than 50 to 100- fold lower than that of hPP.
property of the Y4R is its preferential and high affinity binding of hPP (K; = 13.8 pM)® and its
significantly lower affinity for the endogenous ligand NPY. Whereas a K;value of > 1 uM was reported

by Voisin et al., ™

other workgroups reported quite different data for NPY at the YR, with K; values of
9.9 nM°®® or 2 nM’*. Probably, Y,R affinity is highly dependent on the cell type or the radioligand used
in the individual experiments. PYY (pK; = 9.06) and its [Pro**]-substituted analog (pK; = 9.93) showed
high affinity for the Y4R subtype. Surprisingly, some high affinity Y;R ligands, initially supposed to be
selective for this receptor subtype, turned out to be rather potent Y,R ligands, as well: [Leu®,
Pro**INPY as well as the homodimeric peptide GW1229, depicted in Figure 1.7, were identified as
potent Y,R agonists.™

In search for Y,R selective ligands, several PP/NPY-chimeras have been developed revealing high
potency and affinity for the Y,R in the picomolar range such as [cPP*”,pNPY*** His**]-hPP (ICs, =
60 pM)™ or [K* RYYSY'*?*]PP(2-36)*° (K; = 4 pM). Unfortunately, these ligands bind to the YsR with
affinities of 40 and 29 pM, either. A Y,R selective PP-derived analog with improved properties — the
exact structure is not described — was developed by 7TM Pharma (Lyngby, Denmark) even entering
clinical trials. Again a very successful approach by Balasubramaniam et al. was the synthesis of
homodimeric compounds connecting the C-terminal pentapeptide of NPY — with single amino acid

substitutions of position 32 and 34 — by suberic acid, as depicted in Figure 1.8, resulting in a Y,R

selective homodimer with picomolar affinity (K; = 0.05 nM).

.. ’ o NH2-CH -CO- “. .

- 3 »-C >
H,N ‘ NH H'CO'~®'NH

Figure 1.7: Structures of highly affine Y,R peptide dimers: a: GW1229, developed as Y;R antagonist also
revealed high affinity for the Y,R. 3. b: Y,R selective agonist synthesized by Balasubramaniam et al.**’

GW 1229
(1229U91; GR23118)
pK=962 ©
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Recently, the peptide VD-11 (C-terminal oxymethylation product of GW1229) was reported to act as
competitive antagonist at the Y4R, as it did not promote the internalization of [***I]hPP as observed
for other Y, receptor agonists.148 However, VD-11 did neither inhibit forskolin-stimulated cAMP
formation nor stimulate [*>S]GTP-y-S binding.'*® Additionally, in a CAMP assay presented in a former
study, the peptide (100 nM) was not able to cause a rightward-shift of the concentration-response of
PP.*° Thus, the hypothesis of Y,R antagonism of VD-11 is not supported by these functional studies.

Highly affine non-peptide Y4R ligands have not been described in literature to date. Nevertheless,
several acylguanidine-type compounds (cf. Figure 1.8), which were initially designed and synthesized

as histamine receptor ligands in our workgroup, were identified as weak Y,R antagonists. In search

for non-peptidic Y4R ligands, acylguanidines were further explored as discussed in this thesis.

NH2 NH2 O
{ J/\A )K/\O G/\/\

UR-AK49 UR-PI284
ICs0 = 130 pM? ICs0 =5 uMP

Figure 1.8: Acylguandine-type ligands originally designed as histamine receptor ligands and found to be weak
Y,R antagonists; a: Ziemek et al.lso, b: Pop et al.”*

1.3 (Non)Peptide Ligands for NPY Receptors — Development and

Therapeutic Potential

1.3.1 NPY Receptors in Health and Disease

The NPY receptors and their endogenous ligands are involved in a broad variety of physiological
processes and considered to be (potentially) implicated in many human diseases. Over the last
decades, a lot of effort has been put on exploring the role of NPY receptors in the regulation of food
intake and energy homeostasis, as obesity has become a severe and increasing health concern in
industrialized countries. Additionally, the NPY system as a complex network of receptors and
peptides has been discovered to play an important role in alcoholism, pain, depression and anxiety,
cancer, cardiovascular regulation, bone physiology as well as in the gastrointestinal tract. Some of

these topics will be discussed in more detail in the following paragraphs.”

NPY and obesity®® 2% 7% 132
First studies in 1950 with ob/ob mice (obese mice) revealed that these animals are leptin-deficient.'*?
Leptin is connected to NPY pathways, and an overexpression of NPY in the hypothalamus of these

animals could be detected in later studies.”* The implication of NPY in increased food intake and
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appetite regulation was already stated in the early 1980s.">> **® From then on, NPY became a popular
target as it was considered the key for the treatment of obesity. In fact, several studies on NPY

receptor knockout mice revealed that YR, Y,R and YsR deficient mice have higher body weights.m"159

158, 159

Additionally, Y,R and YsR knockout mice show increased food intake. By contrast, the Y,R seems

180 Recent studies

to play an opposite role, as Y4R knockout mice showed reduced body weight.
revealed that additional factors such as anxiety and stress influence the NPY mediated effects in
metabolic diseases. Chronic stress combined with a poor diet led to abdominal obesity via NPY

activation.?" ¢

Obviously, the role of NPY receptors in the regulation of food intake and energy
homeostasis and the correlation to obesity is highly complex. Antagonism at Y;R and YsR and
agonism at Y,R and Y4R result in anti-obesity effects, according to investigations using subtype
selective NPY receptor ligands.'®® Nevertheless, selective Y;R and YsR ligands failed in preclinical
models of food intake showing no meaningful effects on weight-loss.”* Maybe future investigations
may also consider targeting both receptors by designing dual antagonists, because Y;/YsR
heterodimers have been suggested. Additionally, the anorectic effects of peripheral agonism at Y,R
and Y4R will attract more attention in particular with the recent development of a Y,/Y,-dual agonist

of 7TM Pharma with potential for the treatment of obesity.?* *¢*

NPY and cancer®™ ***

The neuropeptide Y family has been suggested to be implicated in numerous processes of tumor
progression, including cell proliferation, angiogenesis and metastasis. Thereby, neuroendocrine
tumors, prostate and breast cancers seem to be mainly effected and often show an overexpression
of NPY receptors and their respective hormone family.*® Studies on smooth muscle cells and neural
crest tumors, for example, revealed NPY induced promotion of cell proliferation via the YR or the Y;R
and the Y;R, respectively. Furthermore, an NPY-mediated effect in case of angiogenesis was reported
by Zukowska-Grojec et al.’® Interestingly, a reduced angiogenic effect of NPY was observed in Y,R
knockout mice.'®® Y,R antagonists might be useful to control tumor growth. Apart from targets in
anticancer treatment, NPY receptors could be diagnostic markers for in vivo imaging of tumors. Thus,
PET-, radiolabeled and receptor-targeted cytotoxic NPY derivatives might be useful in cancer

patients.164

NPY in depression, stress and anxiety”” ¥’

25-28
A

Numerous studies on the role of NPY in psychiatric disorders have been reported in literature. n

influence of NPY on the pathophysiology of depression is supposed. In several studies, reduced NPY
levels found in the cerebrospinal fluid were discussed to be correlated to anxiety-like behavior.*®® %

The Y,R, which is presynaptically located in NPY-ergic neurons and controls NPY-release, is supposed
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to play a major role in emotionality. Hence, blocking of this receptor subtype should lead to
increased NPY levels which might have a positive effect in the treatment of psychiatric disorders.?®

This hypothesis is corroborated by experiments with Y,R knockout mice.!”

Additionally, anxiolytic-
like effects were observed upon injection of the selective Y,R agonist NPY(13-36).}"* By contrast,
administration of an Y,R antagonist, BIIE 0246, led to antidepressant-like effects in mice.”?

Moreover, the Y;R seems also to be involved in anxiety-like behavior and to mediate antidepressant-

40,173

like properties of NPY.
NPY and alcoholism?® 3> 1%

A first hint to a correlation of NPY signaling and regulation of alcohol consumption came from animal
studies. NPY overexpressing mice consumed less alcohol, whereas mice with inactivation of the NPY

174 First data from human studies

encoding gene showed strongly increased alcohol consumption.
were reported by Mayfield et al. in 2002.*”> Accordingly, reduced NPY levels were found in the brains
of alcoholics compared to the control group. However, it could not be proven, whether the reduced
NPY levels are a consequence of chronic alcohol abuse or if they were already present before the
manifestation of alcoholism. Although Y4, Y, and Y5 receptor seem to be implicated in the modulation
of alcohol intake, the Y,R is considered to play a major role. Thus, Y,R knockout mice showed a
reduced alcohol preference compared to wild type mice.>* Nevertheless, additional studies are

necessary to get an idea of the importance of the NPY receptor system in terms of drug and alcohol

abuse.

1.3.2 NPY Receptor Ligands and their Therapeutic Potential

Regarding the influence of the NPY receptor and peptide family on metabolic regulations and its role
in various diseases, the search for potent NPY receptor ligands seems quite important. During the
last decades many efforts have been made to identify potent and selective NPY receptor ligands.
Unfortunately, only few compounds were suitable to enter clinical trials. Thereby, the NPY receptor
research mainly focused on the development of anti-obesity drugs. The therapeutic potential of a
selection of NPY receptor ligands — peptides as well as non-peptidic ligands — will be presented in this

section.

BIBP 3326 and BIIE0246

BIBP 3326 and BIIE0246 were the first non-peptidic antagonists which showed selectivity for Y;R and
Y,R, respectively.”® ' They have been proven to be important pharmacological tools to study the
functions of the respective receptors. Moreover, inhibition of NPY-induced food intake in rats could

176-178

be successfully proven for BIBP 3226. Nevertheless, the use of these compounds as therapeutics
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is limited due to lack of oral bioavailability and inability to cross the blood brain barrier. Additionally,
relatively high molecular weight as well as a submicromolar affinity for other receptors, e.g. the alA

125 10 date

adrenergic receptor disqualify the Y,R ligand BIIE 0246 as an appropriate drug candidate.
novel Y; and Y, receptor selective ligands with lower molecular weight have been synthesized (see
section 1.2.1.1 and 1.2.1.2), showing the desired in vitro and in vivo activities, but still lacking optimal

pharmacokinetic properties.”

CGP 71683A and MK-0557

CPG 71683A was published in 1997 as a highly potent and selective YsR ligand.”* Although it was an
adequate pharmacological tool for studying YsR functions, it revealed the same problems already
described for Y; and Y,R non-peptidic ligands, lacking sufficient oral bioavailability and access to the
CNS. Nevertheless, numerous high affinity YsR selective antagonists with improved pharmacokinetic
properties have been disclosed. For example, MK-0557, developed by Merck & Co., described as a
highly potent and selective YsR ligand with good pharmacokinetic properties (e.g. oral availability)
entered into clinical trials and was tested for the treatment of obesity, but was withdrawn due to
lack of clinically relevant effects.”? Obviously, the weight loss in patients treated with MK-0557was
statistically significant, but less than observed upon treatment with other weight-reducing drugs.
Additionally, weight-regain after diet-induced weight-loss could not be reduced.”” '’ Hence, it was

speculated that the Y;R alone does not play the major role in appetite regulation.

PP and PYY-derived ligands

The two hormones PP and PYY are produced in the pancreatic islet cells (PP) or the intestinal L-cells
(PYY) and are secreted after meals depending on the calories consumed.'®®*®* Thereby, PYY exists in
two different forms: PYY(1-36), which shows agonistic activity at the Y, Y, and Ys receptor and the N-
terminally truncated analog PYY(3-36), which seems to be only active at the Y,R subtype.’®® After
the first report on a weight-loss inducing effect of the selective Y,R agonist PYY(3-36), the anorectic
properties could not be confirmed in animal models.’®'% Hence, PYY(3-36) was included in clinical
trials. After infusion of this peptide, a decrease in food intake in healthy volunteers could be

observed.'**

Furthermore, administration of an intranasal formulation of PYY(3-36) confirmed a
reduction of energy intake.’”> However, due to significant side effects (nausea and vomiting)
observed in both studies, especially at the highest administered doses, which were necessary to
obtain significant effects, the development of PYY(3-36) as a drug candidate was encountered.’® As
PYY(3-36) is supposed to act via the Y,R, Bayer developed N-terminally truncated PEG-conjugated
PYY derivatives with improved stability. One ligand, PEG20-PYY(24-36)-L31 was even identified to

exert anti-obesity effects in mice.?
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Administration of the high affinity endogenous Y,4R ligand PP revealed a reduction in food intake and
an increase in energy expenditure in obese mice. Additionally, the effect of PP was studied in
children with Prader-Willi syndrome resulting in a moderate reduction (12 %) in food intake.™*
Recent studies in lean human volunteers showed PP-induced reduction of food intake and a delay in

gastric emptying.lgs' 196

Nevertheless, the applicability of PP as a drug is severely compromised
because of rapid degradation. Therefore, long-acting Y,R agonists are urgently needed.'® As already
described for PYY derivatives, Bayer also tried to stabilize PP derived ligands by N-PEGylation. To date

no pharmacological data of these selective Y,R agonists were provided.*?

TM30338 (Obinepitide) and TM30339

TM30338 (Obinepitide) and TM30339, a Y,/Y. dual agonist and a Y,-agonist, respectively, are peptide
ligands derived from PP and PYY. As communicated by 7TM Pharma, the company that developed
these peptides, both compounds showed reduction in food intake and body weight in clinical trials
(Phase 1/ for obinepitide and Phase | for TM30339).2> 2 TM30339 was also observed to reduce

ghrelin levels in healthy obese volunteers;** and to date no serious side effects were reported.*®’

1.3.3 Strategies for the Development of (Non)Peptide NPY Receptor Ligands

There is a need for the development of selective (non)peptide NPY receptor ligands, on the one hand
to clarify the pathophysiological role of NPY and on the other hand to assess the therapeutic
potential of NPY receptor ligands and pathways.”

Besides the identification and optimization of non-peptidic hits and leads with the aid of high
throughput screening (HTS), peptide-based drug design will become more important. With regard to
the high molecular weight of the endogenous ligands and the lack of drug-like properties, the
identification of small, low-molecular weight peptide-derived ligands is challenging. However, it
should be noticed that the development of the first potent non-peptidic Y, and Y, receptor
antagonists, BIBP 3226% and BIIE 0246'°, may be considered a first peptide mimicking strategy.
Based on an alanine scan of NPY, especially the amino acids Arg®®> and Tyr*® in the C-terminus of NPY
were identified as highly important for receptor binding and activity and were therefore integrated
into the design and synthesis of potential NPY receptor ligands.™®

Peptidic structures could be advantageous due to high specificity and affinity as well as due to their
low toxic potential.’®® However, peptides as therapeutic targets lack drug-like properties such as oral
bioavailability and stability against biodegradation by serum and tissue proteases, resulting in short
half-lives.**® In addition, the large-scale production of peptides has been very complex and costly.”®
However, during the last years, problems of technical production of peptides could be overcome by

introduction and optimization of automated solid phase peptide synthesis techniques.’®®
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Furthermore, progress in stabilization of peptides and elongation of half-lives has been made. N-
acetylation and C-amidation turned out to increase peptide stability. Additionally, the introduction of
PEG-chains to N- or C-terminus or the attachment of peptides to human serum proteins such as
albumins are widely accepted methods for increasing stability, which could be successfully applied to
peptide therapeutics, e.g. Interferon-a-2a and 2b (Roche and Bayer-Schering), to extend the half-life
from 5 to 50 h."*% 2%

The design of peptide-mimicking compounds also referred to as peptidomimetics, will attract
increased attention in the synthesis of specific ligands for peptidergic receptors. Peptidomimetics are
defined as compounds that mimic natural peptides or proteins by retaining the ability to interact
with the biological target and produce the same biological effects. The major advantage of such
compounds compared to native peptides is their improved drug-like properties, in particular,

regarding stability and bioavailability.?*?

The development of such peptidomimetic structures starts
with the identification of the minimum active sequence of the natural peptide and the determination
of key residues for receptor binding using e.g. an alanine or D-amino acids scan. The introduction of
unnatural amino acids, B-amino acids or D-amino acids often results in conformationally constrained
peptide structures with improved affinity or selectivity. Such modifications can induce structural
stabilization or hairpin-like structures which are preferred in receptor binding. Furthermore the

202-205 First

incorporation of B- and D-amino acids can enhance the peptide stability and bioavailability.
steps of a peptidomimetic approach to potent and selective NPY Y,4R ligands starting from truncated

derivatives of the endogenous ligands pNPY and hPP will be presented within this work.
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During the last decades, obesity has become a serious health problem throughout the modern world,
associated with the risk of developing chronic diseases such as type Il diabetes, coronary heart
disease and hypertension. The neuropeptide Y (NPY) hormone family and its four receptor subtypes
(Y4R, YR, Y4R and YsR) have been demonstrated to be involved in the regulation of e.g. feeding
behavior and energy homeostasis. However, the role of NPY and NPY receptors in obesity is not
completely understood to date due to very complex and in part contradictory effects of receptor
subtype stimulation.” ? Besides the regulation of feeding, NPY receptors and their endogenous
ligands seem to be implicated in diseases like alcoholism, depression, pain and cancer. Hence, there
is a need for small molecules as NPY receptor ligands to assess the physiological and
pathophysiological role of NPY as well as to clarify NPY mediated pathways and the therapeutic
potential of NPY receptor ligands.>” Unfortunately, to date only few low molecular weight ligands for
the NPY Y;R and YsR, fulfilling the pharmacodynamics and pharmacokinetic properties for the
application as therapeutics, are known. For the Y,R potent no non-peptidic ligands are described in
literature. Even low molecular weight peptide agonists are lacking.® Therefore, this work aimed at the

design and synthesis of potent Y4R selective ligands.

Previously, UR-AK49, an antagonist with Y,R activity in the upper micromolar range (ICso = 60.9 uM),
was discovered, when a selection of commercially available drugs and in-house compounds was
investigated in a functional Ca**-assay (aequorin assay) developed in our laboratory. This N®-acylated
imidazolylpropylguanidine, initially designed as potent H,R agonist in our workgroup ,was considered
a lead structure.® Therefore, UR-AK49 should be structurally varied and optimized, hopefully leading
to compounds with improved Y,4R affinity and antagonistic activity and devoid of H,R agonism.

To increase the chance of identifying an Y,R antagonist, a subproject focusing on argininamides
related to BIBP 3326 and BIBO 3304 was devised. Previously, compounds with moderate Y,R affinities
were identified among potent argininamide-type Y;R antagonists, in particular bivalent ligands from
our workgroup.”® Hence, a set of monovalent and bivalent BIBP 3226 and BIBO 3304 analogs should
be characterized in Y4R assays to further explore the structure-activity/selectivity relationships as

basis for the development of potent Y,R antagonists.

Interestingly, in case of the Y,R and the Y4R, agonists instead of antagonists have been intensively
discussed in literature as potential drugs for the treatment of obesity.” * Therefore, the idea to
synthesize potent and selective peptidic Y4R agonists arose from incidental discoveries within a
cooperation project with the workgroup of Prof. Dr. Oliver Reiser (University of Regensburg).
Introduction of unnatural amino acids to truncated pNPY and hPP analogs led to the identification of

a highly potent and selective Y,4R ligand ([cpen**]pNPY(25-36): K; = 10 nM). Thus, the synthesis of
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further truncated analogs, taking into consideration cyclic B- and y-amino acids as well as D-

configured amino acids should harbor the potential to obtain low(er) molecular weight agonists,

additional peptidomimetic-like structures and non-peptidic ligands with improved stability for in vitro

and in vivo studies.

To better understand the biological role of the different NPY receptor subtypes, especially that of the

NPY Y4R, a promising truncated Y4R selective peptide should be subjected to fluorescent-labeling to

obtain an appropriate pharmacological tool. Additionally, YR, Y,R and YsR selective ligands described

in literature should be included in fluorescence-labeling for applications in flow cytometry and

confocal microscopy.

2.1
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Synthesis and Pharmacological Investigations
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3.1 Introduction

Due to the lack of non-peptidic ligands for the NPY Y,R, a small library of compounds was screened
for antagonistic activity in a new functional assay (aequorin assay) developed in our laboratory." 2
Stimulated by the discovery of the first non-peptidic ligands in the NPY Y,R field within guanidine-
type histamine H,R ligands by Michel and Motulski,®> N°-acylated imidazolylpropylguanidines,
synthesized as H,R agonists in our workgroup, were used for this screening approach. Surprisingly,
one out of 80 tested compounds, namely UR-AK49, showed weak antagonistic activity and was
considered a promising starting point for the design of a first series of acylguanidine-type NPY Y,R
ligands.?

The imidazolylpropylguanidine moiety is an essential substructure of H;R agonists, but it also confers
receptor affinity to other histamine receptor subtypes, in particular H; and H, receptors. Therefore,
starting from the “lead structure” UR-AK49, the aim of this project was to explore the structure-
activity relationships with respect to Y;R antagonist activity by replacing the imidazolyl moiety with

Ill

different heterocyclic structures, i.e. typical “privileged structures” * in medicinal chemistry, or by
simple functional groups (-OH, -NH,). As the cyclohexyl ring was supposed to exert cytotoxic effects,’
it was exchanged by a phenyl ring, which should retain the physicochemical properties of the

compounds but reduce undesired effects in cellular assays.

NH,

J/\/\ J\/\O

3.1 (UR-AK 49)

ICs0 = 60.7 M ” \NJ\/\Q
X=0,N

Figure 3.1: Overview of the structural modifications of NG—acyIated imidazolylpropylguanidine derived from 3.1
as an initial approach to the synthesis of non-peptidic NPY Y,R ligands.

A second strategy in the search for non-peptidic Y4R ligands focused on the synthesis of hybrid
molecules by combining an acylguanidine or carbamoylguanidine substructure with an amino acid of
the C-termini of pNPY and hPP, suggested to play a key role in receptor binding.® ’ A similar
approach, i.e. mimicking the C-terminal part of NPY, was successfully performed by Boehringer
Ingelheim Pharma for the development of the highly potent and selective Y;R and Y,R antagonists
BIBP 3226 and BIIE 0246, respectively.>'® In the design of the acylguanidines the lipophilic benzhydryl
moiety was also adapted from the BIBP 3229 motif.
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I NH, O I NH, O
)\\ R )\\ )‘J\ /\/N R
N N N N N \n/
H H H
NH, (0]
R =amino acid side chain of Tyr, Leu, Pro, Arg, O

Figure 3.2: Structures of hybrid molecules consisting of acylguanidine/carbamoyl substructures and selected
amino acids.

The N°-acylated hetarylpropylguanidines (Figure 3.1) and hybrid molecules (Figure 3.2) were
synthesized and pharmacologically characterized for functional activity (agonism, antagonism) at the
human Y,R in an aequorin assay as well as for receptor subtype selectivity in flow cytometric binding

studies on human Y,, Y,, Y4 and Ys receptors.

3.2 Chemistry

3.2.1 Synthesis of the N°-Acylated Arylpropylguanidines

According to Scheme 3.1, the preparation of N°-acylated arylpropylguanidines started via a three-
step synthesis of N-Boc-protected N’-(3-phenylpropionyl)-S-methylisothiourea (3.5). N-Boc protected
S-methylisothiourea 3.4 was synthesized as previously described.' Subsequently, 3.4 was treated

with 3-phenylpropionic acid under standard conditions for amide coupling, using TBTU, HOBt and

DIEA.
~N ~
S 0) S (ii) S
A —
HoN NH»2 HoN NH HoN NBoc
3.2 3.3 34
‘\\53 0

Scheme 3.1: Synthetic route for the preparation of the building block 3.5. Reagents and conditions: (i) Mel (1
eq), MeOH, reflux, 1 h; (ii) (Boc),0 (1 eq), NEts, DCM,, rt, overnight; (iii) TBTU (1.2 eq), HOBt (1.2 eq), DIEA
(3.0 eq), rt, overnight.

The amines 3.16 — 3.19 were obtained by N-alkylation of the pertinent mono-substituted piperazines

12,14

3.7 — 3.10"> ** with 3-bromopropylphthalimide (3.11) followed by hydrazinolysis** **. Alkylation of the
unsubstituted piperazine (3.6) required a mono-Boc-protection® first to avoid the formation of di-

alkylated products (Scheme 3.2).
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(0] (0]
/N (i)
R—N NH + Br/\/\N v hN/\/\N
__/
N
3.7-3.10 311 O R o
3.12-3.15
No. R
i iii
0 3.7,3.12, 3.16| Boc "
3.8, 3.13, 3.17| phenyl
N G (\N/\/\NHZ
\ / 3.9, 3.14, 3.18| 2-methoxyphenyl R/N
3.6 3.10, 3.15, 3.19| diphenyl 3.16 - 3.19

Scheme 3.2: Synthesis of piperazinylpropylamines 3.16 — 3.19. Reagents and conditions: (i) Boc,0 (0.5 eq), EtsN
(0.5 eq), DMF, 0 °C to rt, overnight; (ii) K,CO3 (1.5 eq), KI (0.5 eq), acetone, rt, overnight; (iii) N,H, - H,O (6 eq),
EtOH, reflux, overnight.

The hetarylpropylalcohols 3.20 — 3.22 and 3.30 were converted to the corresponding phthalimides

3.23 - 3.25 and 3.31 under Mitsunobu conditions'® and subsequently subjected to hydrazinolysis'***’
as depicted in Scheme 3.3. 3-(1H-Benzimidazol-2-yl)propan-1-ol (3.30) had to be prepared by
cyclization of ortho-phenylenediamine (3.29) and 4-chlorobutanoic acid according to a Phillips-type'®
reaction. The cyclisation was performed under acidic conditions (pH 3-4) providing the chloroalkyl

intermediate after neutralization with ammonia. This unstable product was transformed to the

alcohol 3.30 by treating with 2 M sodium hydroxide solution.™
X NH :
Y OH 2 0] N
H
i CL,, ——
3.20-3.22 NH, 330
3.29 )
® o \ (i)
y X N 7
N
N
S %)
o] NH
3.23-3.25 331 ©
\ (iii) No. X Y Z \ (iii)

3.20,3.23,3.26f N CH CH

X N
- 321,324,327 CH N CH S
Yo NH; WNHz
2 322,325,328 CH CH N NH
3.26-3.28 3.32

Scheme 3.3: Synthesis of hetarylpropylamines 3.26 — 3.28 and 3.32. Reagents and conditions: (i) a) 5 M HCI, 4-
chlorobutanoic acid, reflux, overnight, b) 2 M NaOH, 40 °C; (ii) phthalimide (1.1 eq), TPP (1.1 eq), DIAD (1.1 eq),
THF, 0 °C, overnight; (iii) N,H, - H,O (6 eq), EtOH, reflux, overnight.

The mono Boc-protected diamines 3.35 and 3.36 were synthesized according to Krapcho et. al*! using

a high excess of the diamine (3.33 or 3.34), to reduce the formation of the corresponding diprotected
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product to a minimum. The di-protected by-product can easily be separated — after precipitation

from water — by filtration.

HoNy v NH, (i) H,N._ NHBoc No 1T
™ S 335 2
3.33,3.34 3.35,3.36 336 3

Scheme 3.4: Synthesis of mono Boc-protected amines 3.35 and 3.36. Reagents and conditions: (i) Boc,0 (0.1
eq), dioxane, rt, overnight.

The designated N®-acylated arylpropylguanidines were prepared according to the synthetic pathway
outlined in Scheme 3.5. Treatment of the amines 3.16 — 3.19, 3.26 — 3.28, 3.36 — 3.39 and 3.32 with

22-24

the guanidinylating reagent 3.5 in the presence of HgCl, — the metal ion reacts as a desulfurizing

25, 26

agent via complex formation — followed by Boc-deprotection with trifluoroacetic acid and

purification by flash chromatography or preparative RP-HPLC yielded the acylguanidines 3.40 — 3.51.

R2.N R3/\/\NH2 H,N [~
3.16 - 3.19 3.26 - 3.28 3.36 - 3.39, 3.32
0) (i) (i)
35 3.5 35
NH> O NH
AN N )J\ 1 AN J\\ij\ JN\Hz Q
RZ'N\) H
3.40 - 3.43 3.44 -3.46 3.47 - 3.51
R1 = E/\/@
No. R2 No. R3 No. R?
3.16,3.40 |+ 3.26,3.44) /[ | Ny 3.36, 3.47 ff\NH2
= f\
3.37, 3.48
3.17, 3.41 / \© OH
327,345/ /AN
N 3.38, 3.49
/- | e
=
3.18, 3.42 D /
MeO 3.39, 3.50 \©
—— 3.28, 3.46 /
H
3.19,3.43 B N
_N 3.32, 3.51 %{\
N

Scheme 3.5: Synthesis of the NG—acyIated arylpropylguandines 3.40 — 3.51. Reagents and conditions: (i) a) HgCl,
(2 eq), EtsN (3 eq), DCM, 36 — 48 h, rt; b) TFA (50 %), DCM, 3 -8 h.
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Attempts to obtain compound 3.48 in high purity failed due to decomposition of the purified
product. The by-product was isolated and analyzed by mass spectrometry and NMR. The mass of this
compound corresponds to that of the cyclisation product 3.52 (Scheme 3.6). By now, the reaction
conditions as well as the mechanism leading to the formation of this six-membered ring could not be

clarified. Despite of complete conversion to 3.52, the compound was included in investigations for

NPY Y4R activity.
NH, O (\NH 0
HO/\/\N)\\NJ\/\Q _— N)\\NJ\/\©
H H
3.48 3.52

Scheme 3.6: Cyclisation of 3.48 forming a six-membered ring and yielding compound 3.52.

Another “by-product” was formed, when unprotected propane-1,3-diamine was used in a first
approach to synthesize 3.47. The “bisguanidine” 3.53 was obtained as main product as highlighted in
Scheme 3.7. As compounds with a similar bisguanidine substructure derived from arpromidine were

previously reported to have activities at the Y;R */, compound 3.53 was included in the screening for

NPY Y4R activity.
O NH,
o \S /)\ F
PS (i) N N )N\H 0
N NBoc > ~
H H,N” N
35 3.53

Scheme 3.7: Formation of byproduct 3.53. Reagents and conditions: (i) a) 1,3-propanediamine (1 eq), HgCl, (2
eq), EtsN (3 eq), DCM, 36 — 48 h, rt; b) TFA (50 %), DCM, 3 -8 h.

3.2.2 Synthesis of Acylguanidine-Type and Carbamoylguanidine-Type

Amino Acid Derivatives

In a first approach, the selected amino acids should directly be coupled to a guanidine building block
depicted in Scheme 3.8. The building block 3.57 was prepared from guanidine hydrochloride (3.54)
by Cbz-di-protection (3.55), followed by reaction of 3.55 with trifluoromethane sulfonic anhydride to
give the N,N’,N”-tri-protected guanidine 3.56 according to Feichtinger et al.”® ** Subsequently, 3,3-
diphenylpropylamine was treated with the guanidinylating reagent 3.56 under mild basic conditions
releasing triflic amide, which could be easily removed by aqueous workup. Finally, cleavage of the

Cbz-protection groups by hydrogenolysis gave the building block 3.57.
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NH (i) NCbz (ii) NTf (iii) ‘ NH
—_— —_— —_— JJ\
HoN NH, HoN NHCbz CbzHN NHCbz N NH,
xHCI H
3.54 3.55 3.56 3.57

Scheme 3.8: Synthesis of the guanidine building block 3.57. Reagents and conditions: (i) benzyl chloroformate
(3 eq), NaOH (5 eq), H,O/DCM, 20 h, 0 °C; (ii) Tf,O (1 eq), NaH (60 % dispersion in mineral oil, 2 eq),
chlorobenzene, overnight, -45 °C; (iii) Et3N, (1 eq), DCM, overnight, rt.

In principle, the compounds 3.62 — 3.65 should be easily accessible by coupling of 3.57 with the
pertinent N*-Boc-protected amino acids using CDI as activating reagent (Scheme 3.9) followed by

removal of the protecting group. >3

Surprisingly, the Boc-deprotection and isolation of the desired
compounds led to unexpected problems as described in the following paragraphs using compound

3.64 as an example.

G .

N~ NH
(o
M 0 B (il O
> Xy
o N N R1 N N~ R1
X ) H
1
HO” R 3.62 -3.65 3.62a - 3.65a
3.58 - 3.61
No. R R2 No. R’ R?
) 2
362 | R \/U Boc 3.64 RmOH Boc
+62a \ H 3.64a ‘\ H
R2
HaC. “NH
3.63 N Boc N Poe
3.65 \)\/\/N NH
3.63a \ H 3.65a NH, H

Scheme 3.9: Approach to the synthesis of acylguanidine-type amino acid derivatives 3.62a — 3.65a. Reagents
and conditions: (i) CDI, 1.2 eq), NaH (60 % dispersion in mineral oil, 2 eq), THF, 5 h, rt; (ii) TFA (50 %), DCM, rt, 3
-5h.

Compound 3.64 — still carrying the Boc-protection group at N* — was isolated in high yield and purity

by means of flash chromatography and was clearly identified by mass spectrometry (Figure 3.3).
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Figure 3.3: LC-MS analysis of the intermediate of compound 3.64. A: TIC, B: ESI-MS spectrum of compound
3.64.

However, after Boc-deprotection, purification by RP-HPLC revealed two peaks, which could be easily
separated (ratio 2:1) and analyzed by mass spectrometry. Interestingly, besides compound 3.64
(Peak 1, Figure 3.4: D), the building block 3.57 (Peak 2, Figure 3.4: A+B) was identified. Obviously,
under the acidic conditions required for the Boc-deprotection, the intermediate slowly decomposed

(Figure 3.4: C, E). The same holds for the synthesis of compounds 3.62, 3.63 and 3.65.
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Figure 3.4: LC-MS analysis of compound 3.64 (Peak 1(C+D) and 2(A+B)) isolated by preparative HPLC. A: TIC
Peak 2, B: ESI-MS spectrum Peak 2, C: TIC Peak 1, D: ESI-MS spectrum Peak 1 (mass of 3.64), E: ESI-MS
spectrum Peak 1 (mass of decomposition product).
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The phenomenon of slow cleavage of the acylguanidine substructure was also observed for
BIBP 3226 derivatives synthesized in our laboratories. Stability tests for this class of compounds
revealed that decomposition was detectable especially under assay-like conditions (aqueous
solution, pH 7.4 pH) and during experiments requiring long incubation periods.*®* The decomposition
of the acylguanidine substructure in the amino acid derivatives is probably facilitated by neighboring
groups even under acidic conditions. The additional primary amine in the vicinity to the
acylguanidine could react as a nucleophile, attacking the guanidine moiety and accelerating the
cleavage of the acylguanidine bond.

Hence, by analogy with a bioisosteric approach successfully applied to BIBP 3226 derivatives,® the
acylguanidine substructure was replaced by a carbamoylguanidine moiety for the synthesis of a

second series of amino acid derivatives. Furthermore, N*-methyl substituted amino acids were used.

The carbamoylisothiourea building block 3.67 was synthesized as highlighted in Scheme 3.10,
starting from S-methylisothiourea and N-Boc-ethane-1,2-diamine (3.35), which were allowed to react
in the presence of triphosgene, following a protocol for the conversion of amines into isocyanates.>
Guandinylation of 3,3-diphenylpropylamine (3.66) with 3.67 in the presence of HgCl, (see 3.1.1),

followed by Boc-deprotection afforded the building block 3.68.

® - ®
S0 (il NH, O

. v o
BocN)\NJ\N/\/NHZ X J\ ~NHz
NH, H H H N ”
3.66 3.67 3.68
(i)
<
NHBoc

BocN)\NHz H,NT

3.4 3.35

Scheme 3.10: Synthesis of the carbamoylguanidine-type building block 3.68. Reagents and conditions: (i)
triphosgene (0.5 eq), DIPEA (2.5 eq), DCM,s, rt, 3 h; (ii) a) HgCl, (2 eq), EtsN (3 eq), rt, 48 h; b) acetyl chloride,
MeOH, rt, 3 h.

Coupling of the primary amine 3.68 with Boc-protected amino acid derivatives 3.69 — 3.72 was
performed in the presence of EDAC. Deprotection with TFA and purification by preparative RP-HPLC

provided the desired compounds 3.73 —3.76 in purities > 95 %.
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No. R No. R

~ OH
NH ~
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\ \/\/\/NHZ

Scheme 3.11: Synthesis of carbamoylguanidines 3.73 — 3.76. Reagents and conditions: (i) a) EDAC (1.2 eq),
HOBt (1.2 eq), DIEA (2.0 eq), rt, overnight; b) TFA (50 %), DCM, rt, 3 -5 h.

As in case of protected arginine the coupling to 3.68 resulted in low yields and deprotection of the
guanidine moiety caused problems, a different route was preferred to replace the arginine
substructure: Boc-protected 5-aminovaleric acid 3.72 — prepared according to a standard procedure®

—was used first to synthesize building block 3.76.

Scheme 3.12: Synthesis of Boc-protected 5-aminovaleric acid 3.72. Reagents and conditions: (i) Boc,0 (1 eq),
NaOH (1 eq), dioxane/H,0, 0 °C to rt, overnight.

Afterwards, compound 3.76 was guanidinylated with N,N’-bis-tert-butoxycarbonyl-1H-pyrazole-1-

carboxamidine to yield the “arginine-like” residue in compound 3.77.

N)%NJ\N/\/N\H’(A)ZNHZ N \N)LN/\/N\H'@ZNANH
H H I\ H H H

o)

3.76 3.77
A

BocN NHBoc

Scheme 3.13: Synthesis of the “arginine-like” amino acid derivative 3.77. Reagents and conditions: (i) a) EtsN
(2.5 eq), DCM, rt, 20 h; b) TFA (50 %), DCM, rt, 4 h.
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3.3 Pharmacological Results and Discussion

The synthesized N®-acylated hetarylpropylguanidines as well as the carbamoylguanidine-tpye amino
acid derivatives were investigated for functional activity at the NPY Y,R in a luminescence based Ca”*-
assay (aequorin assay) using CHO-hY,-qi5-mtAEQ, cells.”> Additionally, a selection of compounds
showing promising results in the functional studies, were analyzed in flow cytometric binding studies
using the same hY,R expressing cell line.” In the following, antagonistic potencies are expressed as
ICso and Kg values, determined from the concentration-dependent inhibition of the luminescence
signal elicited by hPP (100 nM). The K values were calculated according to the Cheng-Prusoff
equation.*® Additionally, all compounds were investigated in the agonist mode. For this purpose, the
increase in intracellular calcium induced by the investigated compounds at concentrations of 100 pM
or 10 uM is given in percent referred to the response to the standard agonist hPP (100 nM). Flow
cytometric binding studies were performed in the presence of Cy5-[K*]hPP (c = 3 nM, Kp = 5.62).
Results are given as K; calculated according to the Cheng-Prusoff equation®®.

Furthermore, all synthesized compounds were investigated for binding to the other NPY receptor
subtypes in a flow cytometric binding assay using HEL (Y;R), and stably transfected CHO-hY, and HEC-
1B-Y; cells, respectively. Compounds were tested at two concentrations (10 uM and 1 uM) in the

presence of Cy5-pNPY (c =5 nM, Kp = 5.2 nM); results are given as K;.>’

3.3.1  Functional Activities and Affinities at the Y,R and Receptor Subtype

Selectivity of the N°-Acylated Hetarylpropylguanidines

As starting point for the synthesis of new N®-acylated arylpropylguanidines the imidazolyl moiety of
the “lead structure” UR-AK49 should be replaced by “privileged structures”, which are a constituent
of high affinity ligands of many GPCR. Savchuck et al.* compiled such privileged structures of
peptidergic GPCR ligands by searching literature and scanning databases. Several of the suggested
hetaryl substructures where used in this work to design and synthesize potential non-peptidic Y,;R
antagonists in which the imidazole ring was replaced. The pharmacological data of the synthesized

compounds is summarized in Table 3.1.

Replacement of the imidazole moiety by simple functional groups such as a primary amine (3.47) and
a hydroxyl group, which turned out to be unstable forming a completely cyclized product (3.52), or
by a phenyl moiety (3.50) did not improve the activity at the NPY Y,R. Similarly, introduction of a

heterocyclic moiety like morpholine (3.49) did not result in an increase in potency. By contrast, a
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benzimidazole instead of an imidazole moiety was tolerated (3.51). Compound 3.51 proved to have
3-fold higher Y,4R antagonistic activity than the lead structure UR-AK49.

For the pyridine derivatives poor Y,R antagonistic activity was observed for 3.44 (ICsq = 32 uM) and
3.45 (ICso = 35 uM), whereas the 4-pyridyl substituted compound 3.46 was completely inactive.
Finally, the introduction of a phenylpiperazine substructure (3.41) led to the most promising result
namely a 20-fold increase in antagonistic activity compared to UR-AK49 (3.1). Whereas o-
methoxyphenyl and phenyl substitution at the piperazine moiety gave equipotent compounds (3.42
vs. 3.41), the introduction of a more bulky benzhydryl substituent (3.43) was not tolerated. Complete
loss of Y,R antagonistic activity was also found for compound 3.40, in which the 4-position of the
piperazine ring was left unsubstituted.

Compound 3.53, the “bisguanidine”-like compound, which was isolated as a byproduct, also showed
moderate Y,R antagonistic activity. This was not a complete surprise, because bisguanidine
compounds were previously described by Knieps et al.?’ to possess weak antagonistic activity at NPY
receptors, albeit only investigated for the Y;R in more detail. Surprisingly, 3.53 showed also an
agonist-like behavior: at a concentration of 100 uM the compound induced a luminescence signal
corresponding to 50 % of that elicited by 100 nM hPP. For compound 3.43 even a value higher than
100 % was obtained. A closer look at the assay and the properties of these compounds revealed that
this increase in intracellular calcium was produced due to cytotoxic effects at higher concentrations,
but not by Y,4R agonistic activity. For details cf. section 4.4.

Possible cytotoxic effects of the tested compounds had also been taken in consideration when flow
cytometric binding studies were performed. Reliable binding data were obtained when high

concentrations of the compounds were avoided.
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Table 3.1: NPY Y,4R activities and affinities of the synthesized NG—acyIated arylpropylguanidines 3.1, 3.40 — 3.53.

hY,R

No.

% Relative Potency® ICso [UM]® Ks [uUM]° K; [um]¢
3.1 n.d. 61+7.0 8.1+1.0 68 + 27
3.40 1.4+0.4 inactive’ - n.d.
3.41 3.0+1.1 3.0+£1.8 0.40 £0.16 inactive®
3.42 0.8+0.6 6.7+2.3 0.90+0.31 inactive®
3.43 280 +13° inactive’ - n.d.
3.44 1.7+0.6 31.9+95 43+1.3 n.d.
3.45 1.4+0.5 35.2+9.4 4.7+1.7 n.d.
3.46 3.0+£0.8 inactive' . n.d.
3.47 1.2+0.8 inactive’ - n.d.
3.49 1.6+1.4 inactive’ - n.d.
3.50 10.7+0.9 inactive’ - n.d.
3.51 3.8+0.9 18.66.8 2.5+0.9 n.d.
3.52 1.940.9 inactive’ - n.d.
3.53 51+55° 16.4+8.1 22+1.1 n.d.

? [Ca”™"]; mobilization by compounds tested at 100 uM concentration (performed in triplicate) in the agonist
mode; the response is given in % referred to the [Ca”"]; mobilization induced by the standard agonist hPP
(100 nM) in CHO-hY,-gis-mtAEQ cells. b Y,R antagonistic activity determined by inhibition of 100 nM hPP
induced [Caz+]i mobilization in CHO-hY,-qis-mtAEQ cells; mean + SEM from 2 or 3 independent experiments
performed in triplicate.® Ky calculated from ICso values according to the Cheng-Prusoff equation (c = 100 nM,
Kp=15.5 nM). A binding data determined by flow cytometry using 3 nM Cy5-[K*]hPP (Kp = 5.62 nM) in CHO-
hY,-qis-mtAEQ cells; mean + SEM from 2 or 3 independent experiments performed in triplicate. * no agonistic
activity; luminescence caused by cytotoxic effects (see 4.3.2). "less than 20 % decrease of the luminescence
signal elicited by 100 nM hPP at 100 uM concentration of the test compound; testing at higher concentrations
was avoided due to cytotoxic effects. & less than 20 % displacement of Cy5-[K*]hPP at 30 uM concentration of
the test compound; testing at higher concentrations was avoided due to cytotoxic effects.

Except for the piperazine derivatives 3.42 and 3.44, none of the synthesized N°-acylated
arylpropylguanidines showed affinity to the different NPY receptor subtypes (Table 3.2). Surprisingly,
the additional methoxy substituent at the phenylpiperazinyl substructure in 3.42 conferred low
micromolar affinity to the YsR, whereas the non-substituted phenylpiperazine 3.41 was devoid of
affinity to the YsR at 10 uM.

Although both compounds, 3.41 and 3.42, had comparable Y,R activity in the low micromolar range,

3.41 should be preferred for further investigations due to its better subtype selectivity profile.
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Table 3.2: Binding data of synthesized NG—acyIated arylpropylguanidines 3.40 — 3.52 at the NPY Y, Y, and Y5
receptor.

hY;R hY,R hYsR hY;R hY,R hYsR

No. No.

Ki [uM]° Ki [uM]° Ki [uM]° Ki [uM]° Ki [uM]° Ki [um]*
3.40 inactive’ inactive’ inactive’ 3.46 inactive’ inactive’ inactive’
341 inactive’ inactive’ inactive’ 3.47 inactive’ inactive’ inactive’
3.42 inactive’ inactive’ 7.2+13 3.49 inactive’ inactive’ inactive’
3.43 1.8+0.4 inactive’ inactive” 3.50 inactive” inactive” inactive”
3.44 inactive’ inactive’ inactive’ 3.51 inactive’ inactive’ inactive’
3.45 inactive’ inactive’ inactive’ 3.52 inactive’ inactive’ inactive’

® Flow cytometric binding assay using 5 nM cy5-pNPY (Kp = 5.2 nM) in ChO-hY, cells, HEL (Y;) and HEC-1B-Ys
cells, respectively. less than 20 % displacement of Cy5-pNPY (hY;R, hY,R, hYsR) at 10 M concentration of the
test compound; testing at higher concentrations was avoided due to cytotoxic effects.

3.3.2  Functional Activities at the NPY Y,;R and Receptor Subtype Selectivity

of Carbamoylguanidine-Type Amino Acid Derivatives

The idea to synthesize hybrid molecules consisting of a carbamoylguandine-substructure and amino
acids present in the C-terminus of hPP or pNPY was stimulated by a similar concept successfully
employed by Boehringer-Ingelheim in the search for potent NPY Y; receptor ligands.® Attempts to
mimic the C-terminal part of pNPY emerged when an alanine scan of NPY revealed that, among the
C-terminal amino acids, especially Arg® and Tyr** have a great impact on binding at the Y; and Y,
receptor.® Additional studies on single amino acid replacements in pNPY confirmed that the C-
terminal part for the peptide is also of major importance for Y,R binding.” Taking these results into

account, the side chains of Tyr, Leu, Pro and Arg were chosen for the synthesis of hybrid molecules.

Unfortunately, all synthesized amino acid derivatives showed neither antagonistic nor agonistic

activity at the NPY Y,4R nor affinity to other NPY receptor subtypes (Table 3.3).



54 Chapter 3

Table 3.3: Potencies and subtype selectivity of the synthesized carbamoylguanidine-type amino acid derivatives
3.62 —3.66.

hY,R hY;R hY,R hYsR
No- % Relative Potency® ICso [LM]° Ki [uM]° K [uM]° Ki [uM]*
3.73 09+0.7 inactive® inactive® inactive® inactive®
3.74 41+1.4 inactive® inactive® inactive® inactive®
3.75 1.0+1.3 inactive® inactive® inactive® inactive®
3.76 20+0.7 inactive® inactive® inactive® inactive®
3.77 3.4+0.9 inactive® inactive® inactive® inactive®

? [Ca”*]; mobilization by tested compound (agonist mode) at 100 UM concentration (performed in triplicate)
given in % referred to the [Ca2+]i mobilization induced by the standard agonist hPP (100 nM) in CHO-hY,-qis-
mtAEQ cells. ° Y,R antagonism; inhibition of 100 nM hPP induced [Ca*"]; mobilization in CHO-hY,-gi5-mtAEQ
cells; mean + SEM from 2 or 3 independent experiments performed in triplicate. © Flow cytometric binding
assay using 5 nM cy5-pNPY (Kp = 5.2 nM) in CHO-hY, cells, HEL (Y;) and HEC-1B-Y; cells (10 uM and 1 uM
concentration, duplicates), respectively. % less than 20 % decrease of the luminescence signal elicited by 100
nM hPP at 10 uM concentration of the test compound; testing at higher concentrations was avoided due to
cytotoxic effects.® less than 20 % displacement of Cy5-[K*]hPP (Y,R) and Cy5-pNPY (hY;R, hY,R, hYsR); testing at
higher concentrations was avoided due to cytotoxic effects.

3.4 Summary and Conclusion

Based on the N°-acylated imidazolylpropyl guanidine UR-AK49, described as the first non-peptidic
antagonist for the NPY Y4R (IC5o = 60.7 uM), a series of compounds was synthesized in which the
imidazolyl moiety was replaced by different “privileged structures”. Most promising results were
obtained for the phenylpiperazine 3.41 with ICs, values in the low micromolar range (ICso = 3.0 uM)
improving the potency towards the NPY Y,4R compared to UR AK-49 (ICs, = 60.7 uM) by a factor of 20.
Additionally, the unsubstituted phenylpiperazine residue proved to confer some selectivity for the
Y,R compared to the other NPY receptor subtypes. Interestingly, phenylpiperazinyl substructures
already played an important role in the identification of novel NPY Y;R ligands published by
Neurogen and Pfizer.?® 3 Thus the N°-acylated piperazinylpropylguanidines may be considered a
good starting point for the design of new Y,4R ligands.

Unfortunately, the design of hybrid molecules consisting of a carbamoylguanidine-type building block
and amino acid residues trying to mimic the C-terminal part of hPP or pNPY afforded compounds
with a complete lack of NPY Y,R activity. Due to the disappointing results, the synthesis of
compounds combining an acylated guanidine substructure as well as amino acid residues was

discontinued within this doctoral project.
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3.5 Experimental Section

3.5.1 Chemistry

3.5.1.1 General Experimental Conditions

Commercial reagents and chemicals were purchased from Acros Organics (Geel, Belgium), IRIS
Biotech GmbH (Marktredwitz, Germany), Alfa Aesar GmbH & Co. KG (Karlsruhe, Germany), Merck
KGaA (Darmstadt, Germany) as well as Sigma-Aldrich Chemie GmbH (Munich, Germany) and were
used without further purification unless otherwise stated. N,N’-bis(tert-butoxycarbonyl)-1H-pyrazole-
1-carboxamidine was a gift from Max Keller (University of Regensburg). Deuterated solvents for NMR
spectroscopy were from Deutero GmbH (Kastellaun, Germany). All solvents were of analytical grade
or distilled prior to use. Millipore water for the preparation of HPLC eluents and buffers was used
throughout. Anhydrous DMF (< 0.01 % H,0) was purchased from Sigma-Aldrich Chemie GmbH.
Reactions requiring moisture-free conditions were performed in dried glassware under inert
atmosphere (argon or nitrogen). Flash chromatography was performed in glass columns on silica gel
(Merck silica gel 60, 40 - 63 uM). The reactions were monitored by TLC on aluminum plates coated
with silica gel (Merck silica gel 60 F254, thickness 0.2 mm). The compounds were detected by UV
light (254 nm), a 0.3 % solution of ninhydrine in n-butanol (amines) or a solution of bromocresol
green (0.04 %) in ethanol (carboxylic acids). All melting points are uncorrected and were measured
on a Buchi 530 apparatus (Blichi GmbH, Essen, Germany). For lyophilisation a Christ alpha 2-4 LD
equipped with a vaccubrand RZ 6 rotary vane vacuum pump was used.

Nuclear Magnetic Resonance spectra (*H-NMR and *C-NMR) were recorded with a Bruker Avance
300 (*H: 300.1 MHz, C: 75.5 MHz) NMR spectrometer (Bruker BioSpin GmbH, Rheinstetten,
Germany). Chemical shifts are given in & (ppm) relative to external standards. Abbreviations for the
multiplicities of the signals are specified as follows: s (singlet), d (doublet), t (triplet), g (quartet), quin
(quintet), m (multiplet), bs (broad singulet) and combinations thereof. The multiplicity of carbon
atoms (*C-NMR) was determined by DEPT 135 (distortionless enhancement by polarization transfer):

“ u

“+” primary and tertiary carbon atom (positive DEPT signal), secondary carbon atom (negative
DEPT signal), “Cquat” quaternary carbon atom. Mass spectra (MS) were recorded on a Finnigan MAT
95 (EI-MS 70 eV), Finnigan SSQ 710A (CI-MS (NHs)) or a Finnigan ThermoQuest TSQ 7000 (ES-MS). For
high resolution mass spectrometry an Agilent 6540 UHD Accurate-Mass Q-TOF LC/MS system (Agilent
Technologies, Santa Clara, CA) equipped with an ESI source or a Finnigan MAT 95 with a liquid

secondary ionization system (LSI-MS) was used. The peak intensity in % relative to the strongest

signal is indicated in parenthesis.
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Preparative HPLC was performed with a system from Knauer (Berlin, Germany) consisting of two K-
1800 pumps, a K-2001 detector and a RP-column (Eurospher-100 C18, 250 x 32 mm, 5 mm, Knauer
(1) or Nucleodur-100 Cy5, 250 x 21 mm, Macherey-Nagel, Diren, Germany (2)) at a flow rate of
38 mL/min (1) or 18 mL/min (2). Mixtures of acetonitrile and 0.1 % ag. TFA were used as mobile
phase. Acetonitrile was removed from the eluates under reduced pressure prior to lyophilisation.
Analytical HPLC analysis was performed with a Eurospher-100 C18 column (250 x 4 mm, 5 um,
Knauer, Berlin, Germany) on two different Merck Hitachi systems that are listed in detail below.
Acetonitrile (A) and 0.05 % TFA (B) was used as mobile phase. Helium degassing was used

throughout.

Analytical HPLC systems for purity control:

System 1: Merck Hitachi, composed of a L-5000 controller, a 655A-12 pump, a 655A-40 autosampler
and a L-4250 UV-VIS detector; flow rate: 0.8 mL/min; UV detection 220 nm; applied gradient: 0 to
30 min: A/B 10/90 to 90/10, 30 to 40 min: 95/5

System 2: Merck Hitachi, composed of a L-6200-A pump, a AS-2000A autosampler, a L-4000A UV-VIS
detector and a F-1050 fluorescence spectrophotometer; flow rate: 0.8 mL/min; UV detection

220 nm; applied gradient: 0 to 30 min: A/B 10/90 to 70/30, 30 to 40 min: 95/5

3.5.1.2 Preparation of the Guanidinylating Reagent 3.4 and the N®-Boc Protected
Building Block 3.5

S-Methylthiouronium iodide (3.3)"

Thiourea (10 g, 131 mmol, 1 eq) was dissolved in MeOH (100 mL). Methyl iodide (8.21 mL, 131 mmol,
1 eq) was added and the reaction mixture was refluxed for 1 h. After evaporation of the solvent, the
crude product was triturated with diethyl ether, filtered and washed twice with diethyl ether to yield
the desired product as a white solid (28.1 g, 129.0 mmol, 95 %); mp 110 °C (ref. *°: 113.5 — 115 °C).
'H-NMR (300 MHz, DMSO-ds): & (ppm) 2.57 (s, 3H, S-CH3), 8.88 (bs, 4H, NH2); MS (ES, DCM/MeOH +
NH,0Ac) m/z: (%), 91 (100) M*. C,H,IN,S (218.06).

N-tert-Butoxycarbonyl-S-methylthiourea (3.4)"*

As solution of Boc,0 (18.65 g, 124 mmol, 1 eq) in 50 mL DCM was slowly added to a solution of 3.3
(28.0 g, 128.0 mmol, 1 eq) and EtsN (17.4 mL, 124 mmol, 1 eq) in DCM (200 mL). After stirring for
20 h at rt, the reaction mixture was washed with water and brine and the organic phase was dried
over MgS0O,. The solvent was evaporated under reduced pressure and the crude product was

subjected to flash chromatography (PE/EtOAc 90/10 v/v) affording compound 3.4 as a white solid
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(20.0 g, 105.0 mmol, 82 %); mp 77 °C (ref.*": 77 °C). 'H-NMR (300 MHz, DMSO-dg): & (ppm) 1.40 (s,
9H, C(CH3)3), 2.31 (s, 3H, S-CH3), 8.54 (bs, 2H, NH2); MS (ESI, MeOH + 0.1 % TFA) m/z (%): 191 (100)
[M+H]+. C7H14N2025 (19026)

N-tert-Butoxycarbonyl-N’-(3-phenylpropionyl)-S-methylisothiourea (3.5)*

Phenylpropionic acid (4.0 g, 21 mmol, 1 eq) was dissolved in anhydrous DCM (250 mL). DIEA
(10.99 mL, 63.1 mmol, 3 eq) and TBTU (8.10 g, 25.2 mmol, 1.2 eq) were added and the reaction
mixture was stirred for 20 min at rt under argon atmosphere. Compound 3.4, dissolved in anhydrous
DCM (100 mL), was added slowly and stirring was continued overnight. The mixture was poured into
ice-cold water, acidified with 0.1 M HCI (pH 4-5) and extracted with DCM (3x 50 mL). The organic
phase was dried over MgS0O, and concentrated under reduced pressure yielding a yellow-orange oil.
Flash chromatography (DCM/MeOH 100/1 — 95/5 v/v) afforded the product 3.5 as a white solid
(5.35 g, 16.6 mmol, 79 %). "H-NMR (300 MHz, DMSO-dg): & (ppm) 1.42 (s, 9H, C(CHs)3), 2.27 (s, 3H, S-
CHs), 2.68 (t, °J = 7.4 Hz, 2H, Ph-CH,-CH,), 2.84 (t, %) = 7.4 Hz, 2H, Ph-CH,), 7.15 — 7.33 (m, 5H, Ph-H).
BC-NMR (75 MHz, DMSO-dg): 6 (ppm) 13.81 (+, S-CHs), 27.62 (+, C(CHs)3), 29.81 and 37.32 (-, CH»-
CH,-CO), 125.92 (+, Ph-C-3), 128.13 (+, 2 Ph-C), 128.21 (+, 2 Ph-C), 140.41 (Cga, Ph-C-1), 157.70
(Cquat-» €=N), 161.45 (Cquar, €=0), 170.35 (Cquar, €=0); MS (Cl, NH;) m/z (%): 323 (100) [M+H]".
Ci16H22N,05S (322.42).

3.5.1.3 Preparation of the 3-(1H-Benzimidazol-2-yl)propan-1-ol 3.32

3-(1H-Benzimidazol-2-yl)propan-1-ol (3.30)*

1,2-Phenylenediamine 3.29 (4.0 g, 37.0 mmol, 1 eq) was dissolved in 50 mL 5 M HCI (aq). 4-
Chlorobutanoic acid (6.35 g, 51.8 mmol, 1.4 eq) was added slowly through an addition funnel under
vigorous stirring. After complete addition, the reaction mixture was kept under reflux overnight. The
reaction mixture was allowed to cool down to room temperature and was poured into 50 mL ice-cold
water. Careful neutralization with aqueous NH; afforded the intermediate, 2-(3-chloropropyl)-1H-
benzimidazol, as a white precipitate, which was filtered off, washed with H,O and dissolved in 20 mL
of 2 M NaOH. After stirring at 40 °C overnight, the reaction mixture was cooled to 5 °C and adjusted
to pH 9 by addition of aqueous HCl and extracted with EtOAc (3x 50 mL). The combined organic
layers were washed with H,0 and dried over MgSO,. Evaporation of the solvent and purification by
flash chromatography (DCM/EtOAc 80/20 v/v) afforded product 3.30 as beige half-solid compound
(1.9 g, 30 %); mp 163 — 164 °C (ref.**: 165 - 167 °C). *H-NMR (300 MHz, DMSO-dg): & (ppm) 1.85 —
1.96 (m, 2H, CH,-CH,-OH), 2.84 (t, 2H, */ = 6.3 Hz,CH,-CH,-CH,-OH), 3.48 (t, 2H, °J = 6.3 Hz, CH,-OH),
6.98 —7.20 (m, 2 H, Ph-H), 7.35—7.51 (m, 2H, Ph-H); *C-NMR (75 MHz, DMSO-ds): & (ppm) 25.18 and
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30.63 (-, (CH,),-CH,-OH), 60.04 (-, (CH,),-CH,-OH), 121.00 (+, 4 Ph-C), 155.03 (Cquat, 2 Ph-C); MS (CI,
NHs) m/z (%): 177 (100) [M+H]". C;oH1,N,0 (176.22).

3.5.1.4 Preparation of 2-(3-Piperazinopropyl)isoindoline-1,3-diones 3.12 — 3.15

General procedure

The piperazine derivatives 3.7 — 3.10 (1 eq), potassium carbonate (1.5 eq), phthalimide (1 eq) and
catalytic amounts of potassium iodide (0.5 eq) were dissolved in acetone and stirred at rt overnight.
After removal of the solvent under reduced pressure, the crude product was subjected to column

chromatography or crystallized from EtOAc.

tert-Butyl 4-[3-(1,3-dioxoisoindolin-2-yl)propyl]piperazine-1-carboxylate (3.12)*

The title compound was prepared from 3.7 (1.05 g, 5.62 mmol), potassium carbonate (1.16 g,
8.42 mmol), phthalimide (1.50 g, 5.6 mmol) and potassium iodide (0.47 g, 2.8 mmol) in 100 mL
acetone according to the general procedure. Purification by flash chromatography (DCM/MeOH
100/1- 95/5 v/v) yielded 3.12 as pale yellow oil (1.65 g, 79 %). "H-NMR (300 MHz, CDCls): & (ppm)
1.43 (s, 9H, C(CHs)3), 1.80 — 1.92 (m, 2H, Pip-CH,-CH,), 2.26 — 2.34 (m, 4H, Pip-H), 2.41 (t, >/ = 6.8 Hz,
2H, Pip-CH,), 3.22-3.29 (m, 4H, Pip-H), 3.77 (t, °J = 6.9 Hz, 2H, Pip-(CH,),-CH,), 7.68 — 7.73 (m, 2H,
Phth-H), 7.81 — 7.86 (m, 2H, Phth-H); *C-NMR (75 MHz, CDCl5) 24.96 (-, Pip-CH,-CH,), 28.39 (+,
C(CHs)3), 36.46 (-, Pip-CH,), 52.84 (-, 4 Pip-C), 56.01 (-, Pip-(CH,),-CH,), 123.18 (+, 2 Ph-C), 132.20
(Cquaty Ph-C), 133.97 (+, 2 Ph-C), 154.60 (Cquat, €=0), 168.49 (Cquat, €=0); MS (CI, NH3) m/z (%): 374
(100) [M+H]". Cy0H7N30, (373.45).

2-[3-(4-Phenylpiperazin-1-yl)propyl]isoindoline-1,3-dione (3.13)*

The title compound was prepared from 3.8 (2.42 g, 14.9 mmol), potassium carbonate (3.09 g,
22.4 mmol), phthalimide (4.00 g, 14.9 mmol) and potassium iodide (1.24 g, 7.5 mmol) in 300 mL
acetone according to the general procedure. Purification by flash chromatography (DCM/MeOH
100/1- 95/5 v/v) yielded 3.13 as yellow solid (1.65 g, 79 %). "H-NMR (300 MHz, CDCl,): & (ppm) 1.86 —
2.00 (m, 2H, Pip-CH,-CH,), 2.45 — 2.65 (m, 6H, Pip-H + Pip-CH,), 3.00 — 3.15 (m, 4H, Pip-H), 3.80 (t, °J
=6.9 Hz, 2H, Pip-(CH,),-CH,), 6.80 — 6.90 (m, 3H, Ph-H),7.20 — 7.25 (m, 2H, Ph-H), 7.67 — 7.72 (m, 2H,
Phth-H), 7.81 — 7.86 (m, 2H, Phth-H); **C-NMR (75 MHz; CDCl5) 25.08 (-, Pip-CH,-CH,), 36.51 (-, Pip-
CH,), 48.78 (-, 2 Pip-C), 53.03 (-, 2 Pip-C), 56.00 (-, Pip-(CH,),-CH,), 116.15 (+, 2 Ph-C), 119.84 (+, Ph-C-
4), 123.20 (+, 2 Ph-C), 129.10 (+, 2 Ph-C), 132.24 (Cquay, 2 Ph-C), 133.94 (+, 2 Ph-C), 151.06 (Cquat, Ph-
C), 168.51 (Cquat, €=0); MS (Cl, NH3) m/z (%): 350 (100) [M+H]". C1H23N30, (349.43).
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2-{3-[4-(2-Methoxyphenyl)piperazin-1-yl]propyl}isoindoline-1,3-dione (3.14)*

The title compound was prepared from 3.9 (1.40 g, 7.2 mmol), potassium carbonate (1.50 g,
10.8 mmol), phthalimide (1.95 g, 7.2 mmol) and potassium iodide (0.60 g, 3.6 mmol) in 150 mL
acetone according to the general procedure. Purification by flash chromatography (DCM/MeOH
100/1- 95/5 v/v) yielded 3.14 as colorless oil (1.95 g, 71 %). ‘H-NMR (300 MHz, CDCl3): & (ppm) 1.83 —
2.00 (m, 2H, Pip-CH,-CH,), 2.44 — 2.72 (m, 6H, Pip-H + Pip-CH,), 2.83 — 3.08 (m, 4H, Pip-H), 3.80 (t, *J =
6.9 Hz, 2H, Pip-(CH,),-CH.,), 3.83 (s, 3H, OCHs), 6.79 — 7.02 (m, 4H, Ph-H), 7.67 — 7.72 (m, 2H, Phth-H),
7.82 — 7.86 (m, 2H, Phth-H); *C-NMR (75 MHz, CDCl5) 25.14 (-, Pip-CH,-CH,), 36.65 (-, Pip-CH,), 50.34
(-, 2 Pip-C), 53.32 (-, 2 Pip-C), 55.32 (+, OCH;), 56.11 (-, Pip-(CH,),-CH,), 111.11 (+, Ph-C), 118.15 (+,
Ph-C), 120.93 (+, Ph-C), 122.90 (+, Ph-C), 123.18 (+, 2 Phth-C), 132.33 (Cquat, 2 Phth-C), 133.87 (+, 2
Phth-C), 141.19 and 152.23 (Cqyat, Ph-C), 168.52 (Cquar, €=0); MS (Cl, NH3) m/z (%): 380 (100) [M+H]".
Ca,H5N505 (379.45).

2-[3-(4-Benzhydrylpiperazin-1-yl)propyl]isoindoline-1,3-dione (3.15)*

The compound was prepared from 3.10 (2.52 g, 10.0 mmol), potassium carbonate (2.07 g,
15.0 mmol), phthalimide (2.68 g, 10.0 mmol) and potassium iodide (0.83 g, 5.0 mmol) in 200 mL
acetone according to the general procedure. Purification by flash chromatography (DCM/MeOH
100/1- 95/5 v/v) yielded 3.15 as pale yellow oil (3.90 g, 89 %). "H-NMR (300 MHz, CDCls): & (ppm)
1.79 — 1.92 (m, 2H, Pip-CH,-CH,), 2.12 — 2.56 (m, 10H, Pip-H + Pip-CH,), 3.74 (t, 2H, %) = 6.9 Hz, Pip-
(CH,),-CH,), 7.10 — 7.19 (m, 2H, Ph-H), 7.20 — 7.30 (m, 4H, Ph-H), 7.41 — 7.31 (m, 4H, Ph-H), 7.68-7.73
(m, 2H, Phth-H), 7.81 — 7.84 (m, 2H, Phth-H); *C-NMR (75 MHz; CDCl;) & (ppm) 25.33 (-, Pip-CH,-CH,),
36.62 (-, Pip-CH,), 51.77 (-, 2 Pip-C), 53.34 (-, 2 Pip-C), 55.96 (-, Pip-(CH,),-CH,), 76.31 (+, di-Ph-CH),
123.17 and 126.89 (+, 2 Phth-C and 2 di-Ph-C-4), 127.91 (+, 4 Ph-C), 128.44 (+, 4 Ph-C), 132.32 (Cqyyat,
2 Phth-C), 133.81 (+, 2 Phth-C), 142.75 (Cquat, 2 di-Ph-C), 168.46 (Cquat, €=0); MS (Cl, NH3) m/z (%): 440
(100) [M+H]". CygH,9N30, (439.55).

3.5.1.5 Preparation of the 2-[3-(Hetaryl)propyl]isoindoline-1,3-diones 3.23 - 3.25 and
3.31

General procedure

The hetarylpropylalcohols 3.20 — 3.22 and 3.30 (1 eq), triphenylphosphine (1.1 eq) and phthalimide
(1.1 eq) were dissolved in THF,,s and cooled to 0 °C. A solution of DIAD (1.1 eq) in THF,,; was added
dropwise. After complete addition, the mixture was allowed to warm to room temperature and was
stirred overnight. The solvent was removed in vacuo and the crude product was purified by flash

chromatography (DCM/MeOH 100/0 — 95/5 v/v). For analytical purposes a small amount was
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converted into the picrate by addition of a saturated solution of picric acid in EtOH and recrystallized

from EtOH/H,0.

2-[3-(2-Pyridyl)propyl]isoindoline-1,3-dione (3.23)'**

The title compound was prepared from pyridine-2-propanol 3.20 (8.23 g, 60 mmol), phthalimide
(9.71, 66 mmol), TPP (17.31 g, 66 mmol) in 160 mL THF,,s and DIAD (12.13 g, 66 mmol) in 80 mL
THF s according to the general procedure yielding 3.23 as a brownish oil (10.9 g, 68 %); mp (picrate)
138 — 139 °C. '"H-NMR (300 MHz, DMSO-ds, picrate): & (ppm) 2.00 — 2.12 (m, 2H, Pyr-2-CH,-CH,), 3.02
(t, °J = 8.2 Hz, 2H, Pyr-2-CH,), 3.67 (t, 2H, °J = 6.6 Hz, Pyr-2-(CH,),-CH,), 7.79 — 7.91 (m, 5H, Pyr-5-H +
Phth-H), 7.94 (d, 1H, °J = 8.0 Hz, Pyr-3-H), 8.44 — 8.52 (m, 1H, Pyr-4-H), 8.57 (s, 2H, picrate-H), 8.77
(dd, 1H, %/ = 5.8 Hz, ¥/ = 10.9 Hz, Pyr-6-H); *C-NMR (75 MHz, DMSO-ds, picrate): 6 (ppm) 27.38 (-, Pyr-
2-CH,-CH,), 30.64 (-, Pyr-2-CH,), 36.63 (-, Pyr-2-(CH,),-CH,), 122.92 (-, Phth-C), 124.06 (Cqua, picrate-C-
4), 124.28 (+, Pyr-C-5), 125.10 (+, picrate-C-3,5), 126.35 (+, Pyr-C-3), 131.55 (Cqua, Phth-C), 134.30 (+,
Phth-C), 141.71 (Cqua, picrate-C-2,6), 142.17 (+, Pyr-C-6), 145.24 (+, Pyr-C-4), 156.47 (Cquar, Pyr-C-2),
160.69 (Cquat, picrate-C-1), 167.89 (Cquar, €=0); MS (Cl, NH3) m/z (%): 267 (100) [M+H]". CyH14N,0,
(266.29).

2-[3-(3-Pyridyl)propyllisoindoline-1,3-dione (3.24)**

The title compound was prepared from pyridine-3-propanol 3.21 (1.07 g, 7.8 mmol), phthalimide
(1.26 g, 8.6 mmol), TPP (2.26 g, 8.6 mmol) in 25 mL THF,,s and DIAD (1.74, 8.6 mmol) in 15 mL THF
according to the general procedure yielding 3.24 as an orange oil (1.52 g, 73%); mp (picrate) 145 —
146 °C. *H-NMR (300 MHz, DMSO-ds, picrate): 6 (ppm) 1.92 — 2.04 (m, 2H, Pyr-3-CH,-CH,), 2.85 (t, >/ =
7.9 Hz, 2H, Pyr-3-CH,), 3.63 (t, °J = 6.7 Hz, 2H, Pyr-3-(CH,),-CH,), 7.80 — 7.90 (m, 4H, Phth-H), 8.00 (dd,
3= 8.0 Hz, ) = 5.7 Hz, 1H, Pyr-5-H), 8.52 (m, 1H, Pyr-4-H), 8.58 (s, 2H, picrate-H), 8.77 (d, >/ = 5.5 Hz,
1H, Pyr-6-H), 8.84 (m, 1H, Pyr-2-H); BC-NMR (75 MHz, DMSO-ds, picrate): & (ppm) 28.73 (-, Pyr-3-
CH,-CH,), 28.94 (-, Pyr-3-CH,), 36.67 (-, Pyr-3-(CH,),-CH,), 122.88 (-, Phth-C), 124.06 (Cqu.:, picrate-C-
4), 125.10 (+, picrate-C-3,5), 126.60 (+, Pyr-C-5), 131.57 (Cqua, Phth-C), 134.25 (+, Phth-C), 139.78 (+,
Pyr-C-6), 141.13 (Cqyar, Pyr-C-3), 141.71 (+, Pyr-C-2), 141.84 (Cqya, picrate C-2,6), 145.84 (+, Pyr-C-4),
160.68 (Cquat, picrate-C-1), 167.92 (Cqua, €=0); MS (Cl, NH3) m/z (%): 267 (100) [M+H]". CisH14N,0,
(266.29).

2-[3-(4-Pyridyl)propyllisoindoline-1,3-dione (3.25)**
The title compound was prepared from pyridine-4-propanol 3.22 (1.07 g, 7.8 mmol), phthalimide
(1.26 g, 8.6 mmol), TPP (2.26 g, 8.6 mmol) in 25 mL THF,,s and DIAD (1.74 g, 8.6 mmol) in 15 mL

THF,s according to the general procedure yielding 3.25 as a red oil (1.23 g, 59 %); mp (picrate) 180 —
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181 °C. "H-NMR (300 MHz, DMSO-ds, picrate): & (ppm) 1.95 — 2.07 (m, 2H, Pyr-4-CH,-CH,), 2.95 (t, *J =
7.8 Hz, 2H, Pyr-4-CH,), 3.64 (t, >J = 6.7 Hz, 2H, Pyr-4-(CH,),-CH,), 7.80 — 7.89 (m, 4H, Phth-H), 7.98 (d,
3J = 6.7 Hz, 2H, Pyr-3,5-H), 8.57 (s, 2H, picrate-H), 8.81 (d, >/ = 6.7 Hz, 2H, Pyr-2,6-H); *C-NMR (75
MHz, DMSO-ds, picrate): 6 (ppm) 27.96 (-, Pyr-4-CH,-CH,), 32.29 (-, Pyr-4-CHs), 36.73 (-, Pyr-4-(CH,),-
CH,), 122.87 (-, Phth-C), 124.06 (Cquat, picrate-C-4), 125.10 (+, picrate-C-3,5), 126.78 (+, Pyr-C-3,5),
131.57 (Cquat, Phth-C), 134.24 (+, Phth-C), 141.33 (+, Pyr-C-2,6), 141.71 (Cquat, picrate-C-2,6), 160.69
(Cquat, picrate-C-1), 162.36 (Cquar, Pyr-C-4), 167.89 (Cquar, €=0); MS (Cl, NH3) m/z (%): 267 (100) [M+H]".
C16H1N,0, (266.29).

2-[3-(1H-Benzimidazol-2-yl)propylJisoindoline-1,3-dione (3.31)

The title compound was prepared from 3.30 (1.04 g, 5.9 mmol), phthalimide (0.95 g, 6.5 mmol), TPP
(1.70 g, 6.5 mmol) and DIAD (1.31 g, 6.5 mmol) according to the general procedure. Purification by
flash chromatography (DCM/MeOH 100/0 — 95/5 v/v) yielded 3.31 as a pale brown oil (0.93 g, 52 %).
'H-NMR (300 MHz, CDCl3): & (ppm) 2.15 — 2.28 (m, 2H, Benzim-CH,-CH,), 2.95 (t, >J = 6.9 Hz, 2H,
Benzim-CH,), 3.79 (t, >J = 6.1 Hz, Benzim-(CH,),-CH,), 7.18 — 7.25 (m, 4H, Benzim-H), 7.71 — 7.79 (m,
2H, Phth-H), 7.82 — 7.92 (m, 2H, Phth-H); MS (Cl, NHs) m/z (%): 306 (100) [M+H]*. CisHisN;0,
(305.33).

3.5.1.6  Preparation of the 3-Hetarylpropylamines 3.16 — 3.19 and 3.26 — 3.28 and 3.32

by Hydrazinolysis of the Phthalimides

General procedure
A mixture of the pertinent hetarylpropylisoindoline-1,3-dione (1 eq) and hydrazine monohydrate
(6 eq) in EtOH was stirred at rt overnight. After removal of insoluble material by filtration the solvent

was evaporated under reduced pressure and the product subjected to flash chromatography.

tert-Butyl 4-(3-aminopropyl)piperazine-1-carboxylate (3.16)*

The title compound was prepared from 3.12 (1.3 g, 3.5 mmol) and hydrazine monohydrate (0.76 mL,
20.9 mmol) in 35 mL EtOH according to the general procedure. Purification by flash chromatography
(CHCl3/MeOH/NH; (aq.) 85/13/2 v/v/v) yielded 3.16 as colorless oil (0.65 g, 76 %). "H-NMR (300 MHz,
CDCl5 ): & (ppm) 1.45 (s, 9H, C(CHs)s), 1.58 — 1.70 (m, 2H, Pip-CH,-CH,), 2.33 — 2.44 (m, 6H, Pip-H +
Pip- (CH;),-CH,), 2.75 (t, 2H, Pip-CH,), 3.38 — 3.46 (m, 4H, Pip-H). C1;H,sN30, (243.35).

3-(4-Phenylpiperazin-1-yl)propan-1-amine (3.17)*
The title compound was prepared from 3.13 (3.50 g, 10.0 mmol) and hydrazine monohydrate

(2.19 mL, 60.0 mmol) in 100 mL EtOH according to the general procedure. Purification by flash
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chromatography (CHCl;/MeOH/NH; (aqg.) 85/13/2 v/v/v) yielded 3.17 as a pale yellow solid (1.90 g,
65 %). "H-NMR (300 MHz, CD;0D): & (ppm) 2.10 — 2.15 (m, 2H, Pip-CH,-CH,), 3.23 (t, >/ = 7.5 Hz, 2H,
Pip-(CH,),-CH,), 3.32 — 3.65 (m, 8H, Pip-H), 6.87 — 6.97 (m, 1H, Ph-H-4), 6.98 — 7.05 (m, 2H, Ph-H),
7.23 — 7.32 (m, 2H, Ph-H); *C-NMR (75 MHz, CD;0D): & (ppm) 23.53 (-, Pip-CH,-CH,), 38.28 (-, Pip-
CH,), 48.38 (-, 2 Pip-C), 53.48 (-, 2 Pip-C), 55.05 (-, Pip-(CH,),-CH,), 118.04 (+, 2 Ph-C), 122.23 (+, Ph-C-
4), 130.37 (+, 2 Ph-C), 151.37 (Cqua, Ph-C-1); MS (CI, NH3) m/z (%): 220 (100) [M+H]". Cy3H,3N3
(219.33).

3-[4-(2-Methoxyphenyl)piperazin-1-yl]Jpropan-1-amine (3.18)"

The title compound was prepared from 3.14 (1.85 g, 4.9 mmol) and hydrazine monohydrate
(1.07 mL, 29.3 mmol) in 50 mL EtOH according to the general procedure. Purification by flash
chromatography (CHCl;/MeOH/NH;s (aq.) 85/13/2 v/v/v) yielded 3.18 as pale brown semi-solid
compound (0.93, 76 %). "H-NMR (300 MHz, CDCl3): & (ppm) 1.64 — 1.76 (m, 2H, Pip-CH,-CH,), 2.49 (t,
3) = 7.2 Hz, 2H, Pip-(CH,),-CH,), 2.60 — 2.75 (m, 4H, Pip-H), 2.80 (t, >/ = 6.7 Hz, 2H, Pip-CH,), 3.00 —
3.20 (m, 4H, Pip-H), 3.86 (s, 3H, OCH;), 6.82 — 7.05 (m, 4H, Ph-H); MS (CI, NHs) m/z (%): 250 (100)
[M+H]"*. C1aH3N50 (249.35).

3-(4-Benzhydrylpiperazin-1-yl)propan-1-amine (3.19)"

The title compound was prepared from 3.15 (1.50 g, 3.4 mmol) and hydrazine monohydrate
(0.75 mL, 20.5 mmol) in 35 mL EtOH according to the general procedure. Purification by flash
chromatography (CHCl3/MeOH/NH;3 (ag.) 85/13/2 v/v/v) yielded 3.19 as beige semi-solid compound
(0.85 g, 77 %). *H-NMR (300 MHz, CDCls): & (ppm) 1.57 — 1.69 (m, 2H, Pip-CH,-CH,), 2.25 — 2.60 (m,
6H, Pip-H + Pip-(CH,),-CH5), 2.75 (t, °J = 6.7 Hz, 2H, Pip-CH,), 2.75 (t, ) =6.7 Hz, 2H, Pip-H), 4.20 (s, 1H,
di-Ph-CH), 7.12-7.21 (m, 2H, Ph-H), 7.22-7.31 (m, 4H, Ph-H), 7.36-7.45 (m, 4H, Ph-H); *C-NMR (75
MHz; CDCl3) & (ppm) 26.74 (-, Pip-CH,-CH,), 41.20 (-, Pip-CH,), 51.86 (-, 2 Pip-C), 53.49 (-, 2 Pip-C),
57.19 (-, Pip-(CH,),-CH,), 76.23 (+, di-Ph-CH), 127.00 (+, 2 Ph-C-4), 127.88 (+, 4 Ph-C), 128.51 (+, 4 Ph-
C), 142.69 (Cquat, Ph-C); MS (CI, NH3) m/z (%): 310 (100) [M+H]*. CaoHz7N3 (309.45).
3-(2-Pyridyl)propan-1-amine (3.26)'"

The title compound was prepared from 3.23 (6.0 g, 22.5 mmol) and hydrazine monohydrate (4.9 mL,
135.0 mmol) in EtOH (200 mlL) according to the general procedure. Purification by flash
chromatography (CHCls/MeOH/NH; (aq.) 85/13/2 v/v/v) yielded 3.26 as brownish oil (5.15 g, 84 %) .
'H-NMR (300 MHz, CDCls): & (ppm) 1.80 — 1.93 (m, 2H, Pyr-2-CH,-CH,), 2.73 (t, >/ = 7.0 Hz, 2H, Pyr-2-
(CH,),-CH>), 2.81 (t, *J = 7.5 Hz, 2H, Pyr-2-CH,), 7.04 — 7.16 (m, 2H, Pyr-3,5-H), 7.56 (dt, “J = 1.8 Hz, *J
= 7.7 Hz, 1H, Pyr-4-H), 8.45 — 8.52 (m, 1H, Pyr-6-H); >C-NMR (75 MHz; CDCl3) 33.41 (-, Pyr-2-CH,-CH,),
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35.57 (-, Pyr-2-CH,), 41.58 (-, Pyr-2-(CH,),-CH,), 121.07 and 122.79 (+, 2 Pyr-C-3,5), 136.44 (+, Pyr-C-
4), 149.17 (+, Pyr-C-6), 161.69 (Cquar, Pyr-C-2); MS (ESI, MeCN/0.1% TFA) m/z (%): 137 (100) [M+H]".
CgH1yN, (136.19).
3-(3-Pyridyl)propan-1-amine (3.27)*"*

The title compound was prepared from 3.24 (2.0 g, 7.51 mmol) and hydrazine monohydrate
(1.64 mL, 45.1 mmol) in 70 mL EtOH according to the general procedure. Purification by flash
chromatography (CHCls/MeOH/NH; (aq) 85/13/2 v/v/v) yielding 3.27 as brownish oil (0.71 g, 69 %).
'H-NMR (300 MHz, DMSO): & (ppm) 1.77 — 1.90 (m, 2H, Pyr-3-CH,-CH,), 2.66 (t, 2H, 3/ = 7.2 Hz, Pyr-3-
(CH,),-CH,), 2.72 (t, 2H, *J = 7.2 Hz, Pyr-3-CH,), 7.32 (dd, 1H, °J = 7.8 Hz, °J = 4.9 Hz, Pyr-5-H), 7.58-
7.70 (m, 1H, Pyr-4-H), 8.35 — 8.50 (m, 2H, Pyr-2-H + Pyr-6-H); *C-NMR (75 MHz, DMSO): & (ppm)
28.88 (-, Pyr-3-CH,-CH,), 29.44 (-, Pyr-3-CH,), 38.53 (-, Pyr-3-(CH,),-CH,), 123.40 (+, Pyr-C-5), 135.72
(+, Pyr-C-6), 136.47 (Cquat, Pyr-C-3), 147.21 (+, Pyr-C-2), 149.44 (+, Pyr-C-4); MS (Cl, NH3) m/z (%): 137
(100) [M+H]". CgH1:N, (136.19).
3-(4-Pyridyl)propan-1-amine (3.28)'**

The title compound was prepared from 3.25 (1.40 g, 5.26 mmol) and hydrazine monohydrate
(1.15 mL, 31.5 mmol) in 50 mL EtOH according to the general procedure. Purification by flash
chromatography (CHCl;/MeOH/NH; (aq.) 85/13/2 v/v/v) yielded 3.28 as pale yellow oil (0.53 g, 74 %).
'H-NMR (300 MHz, CDCl;): & (ppm) 1.71 — 1.85 (m, 2H, Pyr-4-CH,-CH,), 2.65 (t, *J = 7.0 Hz, 2H, Pyr-4-
(CH,),-CH,), 2.74 (t, *J = 7.0 Hz, 2H, Pyr-4-CH,), 7.11 (d, *J = 5.0 Hz, 2H, Pyr-3,5-H), 8.48 (d, >/ = 5.0 Hz,
2H, Pyr-2,6-H); BC-NMR (75 MHz, CDCls) 29.45 (-, Pyr-4-CH,-CH,), 32.83 (-, Pyr-4-CH,), 40.30 (-, Pyr-4-
(CH,),-CH,), 125.71 (+, Pyr-C-3,5), 149.99 (+, Pyr-C-2,6), 163.93 (Cquat, Pyr-C-4); MS (Cl, NH3) m/z (%):
137 (100) [M+H]*. CgH1,N; (136.19).

3-(1H-Benzimidazol-2-yl)propan-1-amine (3.32)*

The title compound was prepared from 3.31 (0.70 g, 2.29 mmol) and hydrazine monohydrate (0.5
mL, 13.8 mmol) in 25 mL EtOH according to the general procedure. Purification by flash
chromatography (CHClz/MeOH/NH; (aq.) 85/13/2 v/v/v) yielded 3.32 as brownish oil (0.31 g, 77 %).
'H-NMR (300 MHz, CDCl3): & (ppm) 1.92 — 2.02 (m, 2H, Benzim-CH,-CH,), 2.91 (t, °J = 6.1 Hz, 2H,
Benzim-(CH,),-CH,), 3.07 (t, °J = 6.8 Hz, 2H, Benzim-CH,), 7.16 — 7.22 (m, 2H, Ph-H), 7.50 — 7.58 (m,
2H, Ph-H); MS (Cl, NHs) m/z (%): 176 (100) [M+H]". C1oH13N3 (175.23).
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3.5.1.7 Preparation of mono-Boc-Protected Diamines 3.35 and 3.36 and mono-Boc-

Protected Piperazine 3.7

General procedure for the synthesis of mono Boc-protected diamines

A solution of (Boc),0 (1 eq) in dioxane was added dropwise to a solution of the diamine (10 eq) in
dioxane over a period of 2.5 h. After complete addition, the reaction mixture was stirred for 22 h at
rt. The solvent was evaporated and the residue was treated with water (300 mL). The di-Boc-
protected product precipitated and was removed by filtration. The filtrate was then extracted with
DCM (3x 150 mL). Drying of the organic phase over MgSO, and removal of the solvent in vacuo

afforded the mono-Boc-protected amine which was used without further purification.

N-(tert-Butoxycarbonyl)ethane-1,2-diamine (3.35)*

The title compound was prepared from (Boc),0 (9.82 g, 45.0 mmol) and ethane-1,2-diamine 3.33
(30.0 mL, 450 mmol) according to the general procedure, yielding 3.35 as a pale yellow oil (5.06 g,
70 %). *H-NMR (300 MHz, CD;0D):6 (ppm) 1.44 (s, 9H, C(CHs)3), 2.78 (t, °J = 6.2 Hz, 2H, CH,-NH,), 3.17
(t, °J = 6.2 Hz, 2H, CH,-NHBoc); *C-NMR (75 MHz, CD;0D): & (ppm) 28.77 (+, C(CH3)3), 41.91 (-, CH,-
N), 42.39 (-, CH,-N), 80.32 (Cquat, C(CHs)3), 158.72 (Cquat, €=0); MS (CI, NH3) m/z (%): 161 (100) [M+H]".
C;H16N,0, (160.21).

N-(tert-Butoxycarbonyl)propane-1,3-diamine (3.36)*

The title compound was prepared from (Boc),0 (3.27 g, 15.0 mmol) and propane-1,3-diamine 3.34
(12.63 mL, 150 mmol) according to the general procedure, yielding 3.36 as pale yellow oil (2.01 g,
80 %). "H-NMR (300 MHz, CD;0D): & (ppm) 1.43 (s, 9H, C(CHs)s), 1.53 — 1.66 (m, 2H, CH,-CH,-NH,),
2.64 (t, °J = 7.0 Hz, 2H, CH,-NH,), 3.09 (t, J = 6.7 Hz, 2H, CH,-NHBoc); *C-NMR (75 MHz, CD;0D): &
(ppm) 28.78 (+, C(CHs)s), 31.47 (-, CH,-CH,-NH,), 38.24 (-, CHy-N), 38.93 (-, CH,-N), 80.18 (Cquat,
C(CH3)3), 158.88 (Cquar, €=0); MS (CI, NH3) m/z (%): 175 (100) [M+H]". CsH1sN,0, (174.24).

N-(tert-Butoxycarbonyl)piperazine (3.7) ®

Piperazine (3.6, 1.72 g, 20.0 mmol, 1 eq) was dissolved in 60 mL DCM. EtsN (1.41 mL, 10.0 mmol, 0.5
eq) and (Boc),0 (2.18 g, 10.0 mmol, 0.5 eq) in 40 mL DCM were slowly added at O °C. The reaction
mixture was stirred at room temperature overnight. After evaporation of the solvent, the crude
product was subjected to flash chromatography (DCM/MeOH 100/0 — 95/5 v/v) to separate the
mono- from the di-protected piperazine (ratio 2:1) yielding 3.7 as colorless semi-solid compound
(1.24 g, 33 %). *H-NMR (300 MHz, CDCl5): & (ppm) 1.45 (s, 9H, C(CHs)3), 1.78 (s, 1H, NH), 2.76 — 2.83
(m, 4H, Pip-H), 3.34 — 3.41 (m, 4H, Pip-H); >C-NMR (75 MHz, CDCl5): 6 (ppm) 28.28 (+, C(CHs)3), 43.56
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(-, Pip-C), 51.25 (-, Pip-C), 81.25 (Cquat, C(CHs)3), 153.90 (Cquar, €=0); MS (CI, NH3) m/z (%): 187 (100)
[M+H]*. CoH1sN,0, (186.25).

3.5.1.8 Preparation of NG-AcyIated Aylpropylguanidines 3.40 — 3.52

General procedure for guanidinylation and Boc-deprotection

The arylpropylamines 3.16 — 3.19, 3.26 — 3.28, 3.36 — 3.39 or 3.32 (1 eq), the guanidinylating reagent
3.5 (1 eq) and HgCl, (2 eq) were dissolved in anhydrous DCM. Et3N (3 eq) was added and the mixture
was stirred for 36 to 48 h at ambient temperature. Subsequently, EtOAc was added and the
precipitate was removed by filtration over Celite. The crude product was purified by flash
chromatography (DCM/MeOH 100/1 — 90/10 v/v). The residue was dissolved in DCM, TFA was added
and the reaction mixture was stirred until the protection groups were removed (3 — 8 h, TLC control).
After evaporation of the solvent in vacuo, the crude product was purified by preparative RP-HPLC or

flash chromatography (DCM/MeOH 98/2 —90/10 v/v).

N?-(3-Phenylpropanoyl)-N’-[3-(piperazin-1-yl)propyl]guanidine (3.40)

The title compound was prepared from 3.5 (120 mg, 0.37 mmol) and 3.16 (65 mg, 0.37 mmol) in the
presence of HgCl, (202 mg, 0.75 mmol) and EtsN (157 uL, 1.12 mmol). Deprotection in 3 mL DCM and
3 mL TFA, followed by preparative RP-HPLC (10 — 40 % MeCN in 30 min) afforded 3.40 as pale brown
resin (59 mg, 29 %) . "H-NMR (300 MHz, CD50D, trifluoroacetate): & (ppm) 1.85 — 1.95 (m, 2H, Pip-
CH,-CH,), 2.71 — 2.84 (m, 4H, Pip-CH, + Ph-CH,-CH,), 2.88 — 3.02 (m, 6H, Pip-H + Ph-CH,), 3.33 — 3.45
(m, 6H, Pip-H + Pip-(CH,),-CH,), 7.15 — 7.31 (m, 5H, Ph-H); *C-NMR (75 MHz, CD,OD,
trifluoroacetate): 6 (ppm) 24.55 (-, Pip-CH,-CH,), 31.26 (-, Ph-CH,), 39.47 (-, Pip-(CH,),-CH,), 40.59 (-,
Ph-CH,-CH,), 43.43 (-, 2 Pip-C), 50.48 (-, Pip-CH,), 56.04 (-, 2 Pip-C), 127.51 (+, Ph-C-4), 129.46 (+, 2
Ph-C), 129.63 (+, 2 Ph-C), 141.36 (Cquar, Ph-C-1), 155.19 (Cquar, €=N), 176.40 (Cquat, €=0); anal. RP-HPLC
(system 1): 100 % (tz = 11.05 min, kK’ = 2.90); HRMS (ESI): m/z calcd. for [C;7H,;NsO + H]* 318.228,
found: 318.2291. C;;H,;NsO - 2TFA (545.47).

N?-(3-Phenylpropanoyl)-N’-[3-(4-phenylpiperazin-1-yl)propyl]guanidine (3.41)

The title compound was prepared from 3.5 (120 mg, 0.37 mmol) and 3.17 (65 mg, 0.37 mmol) in the
presence of HgCl, (202 mg, 0.75 mmol) and Et;N (157 uL, 1.12 mmol). Deprotection in 3 mL DCM and
3 mL TFA, followed by preparative RP-HPLC (20 — 65 % MeCN in 30 min) afforded 3.41 as pale orange
oil (63 mg, 30 %) . '"H-NMR (300 MHz, CD,0D, trifluoroacetic acid): & (ppm) 2.07 — 2.21 (m, 2H, Pip-
CH,-CH,), 2.80 (t, ) = 7.4 Hz, 2H, Pip-CH,), 2.97 (t, °J = 7.3 Hz, 2H, Ph-CH,-CH,), 3.21 — 3.34 (m, 4H,
overlap with solvent, Pip-H + Ph-CH,), m 3.35 — 3.75 (m, 8H, Pip-H + Pip-(CH;),-CH, ), 6.88 — 7.06 (m,
3H, Pip-Ph-H), 7.14 — 7.33 (m, 7H, Ph-H + Pip-Ph-H); *C-NMR (75 Mhz, CDs0D, trifluoroacetate): &
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(ppm) 23.91 (-, Pip-CH,-CH,), 30.23 (-, Ph-CH,), 38.43 (-, Ph-CH,-CH, + Pip-(CH,),-CH,), 46.92 (-, Pip-C),
52.32 (-, Pip-CH,), 54.33 (-, Pip-C), 117.33 (+, 2 Pip-Ph-C), 122.21 (+, Pip-Ph-C-4), 126.48 (+, Ph-C-4),
128.49 (+,2 Ph-C), 128.59 (+, 2 Ph-C), 129.58 (+, 2 Pip-Ph-C), 139.64 (Cquar, Ph-C-1 ), 149.15 (Cqyar, Pip-
Ph-C-1) 154.71 (Cquar, €=N), 176.22 (Cquat, €=0); anal. RP-HPLC (system 1): 100 % (tg = 16.13 min, k’ =
4.70); HRMS (LSI, glycerine): m/z calcd. for [Cy3H3:NsO + H]* 394.2607, found: 394.2605. C,3H3,NsO -
2TFA (621.57).

N-{3-[4-(2-Methoxyphenyl)piperazin-1-yl]propyl}-N*-(3-phenylpropanoyl)-guanidine (3.42)

The title compound was prepared from 3.5 (120 mg, 0.37 mmol) and 3.18 (65 mg, 0.37 mmol) in the
presence of HgCl, (202 mg, 0.75 mmol) and EtsN (157 pL, 1.12 mmol). Deprotection in 3 mL DCM and
3 mL TFA, followed by preparative RP-HPLC (20 — 65 % MeCN in 30 min) afforded 3.42 as pale orange
resin (54 mg, 31 %) . *H-NMR (300 MHz, CD;0D): & (ppm) 2.07 — 2.21 (m, 2H, Pip-CH,-CH,), 2.80 (t, *J
= 7.3 Hz, 2H, Pip-CH,), 2.97 (t, >J = 7.3 Hz, 2H, Ph-CH,-CH,), 3.21 — 3.32 (m, overlap with solvent, 4H,
Pip-H + Ph-CH,), 3.33 — 3.72 (m, 6H, Pip-H + Pip-(CH,),-CH,), 6.88 — 7.11 (m, 4H, Pip-Ph-H), 7.13 — 7.33
(m, 5H, Ph-H); BC.NMR (75 Mhz, CD;0D, trifluoroacetate): 6 (ppm) 22.98 (-, Pip-CH,-CH,), 30.42 (-,
Ph-CH,), 38.66 and 38.76 (-, Pip-(CH,),-CH, + Ph-CH,-CH,), 48.15 (-, 2 Pip-C), 53.04 (-, Pip-CH,), 54.36
(-, 2 Pip-C), 55.22 (+, O-CH;), 112.18 (+, Pip-Ph-C), 119.19 (+, Pip-Ph-C), 121.44 (+, Pip-Ph-C), 124.89
(+, Pip-Ph-C), 126.65 (+, Ph-C-4), 128.67 (+, 2 Ph-C), 128.77 (+, 2 Ph-C), 139.62 (Cqyat, Ph-C-1), 140.56
(Cquaty €-OMe), 153.19 (Cguar, Pip-Ph-C-1), 154.61 (Cquar, €=N), 175.66 (Cquar, €=0); anal. RP-HPLC
(system 1): 96 % (tg = 15.97 min, k’ = 4.64); HRMS (El, 70 eV): m/z calcd. for [C,4H33NsO, + H]"
423.2634, found: 423.2632. Cy4H33Ns0, - 2TFA (651.59).

N'-[3-(4-Benzhydrylpiperazin-1-yl)propyl] N>-(3-phenylpropanoyl)-guanidine (3.43)

The title compound was prepared from 3.5 (120 mg, 0.37 mmol), 3.19 (65 mg, 0.37 mmol), HgCl,
(202 mg, 0.75 mmol) and EtsN (157 pL, 1.12 mmol). Deprotection in 3 mL DCM and 3 mL TFA,
followed by flash chromatography afforded 3.43 as pale brown resin (75 mg, 36 %) . ‘H-NMR
(300 MHz, CDCl,, trifluoroacetate): & (ppm) 1.98 — 2.24 (m, 2H, Pip-CH,-CH,), 2.80 (t, >J = 7.2 Hz, 2H,
Pip-CH,), 2.95 (t, >/ = 7.1 Hz, 2H, Ph-CH,-CH,) 3.02 — 3.30 (m, 6H, Pip-H + Ph-CH,), 3.31 — 3.68 (m, 6H,
Pip-H + Pip-(CH,),-CH,), 4.69 (s, 1H, (Ph),-CH), 7.12 — 7.60 (m, 15 H, Ph-H), 8.30 (bs, 3H, -NH5"), 9.38
(s, 1H, -NH), 10.27 (bs, 1H, -NH), 12.65 (bs, 1H, -NH); *C-NMR (75 Mhz, CDCls, trifluoroacetate): &
(ppm) 22.89 (-, Pip-CH,-CH,), 30.16 (-, Ph-CH,), 38.41 (-, Pip-(CH,),-CH; + Ph-CH,-CH,), 48.45 (-, 2 Pip-
C), 50.55 (-, Pip-CH,), 53.96 (-, 2 Pip-C), 76.38 (+, di-Ph-CH), 126.51 (+, Ph-C-4), 127.81 (+, 4 diPh-C),
128.43 (+, 2 Ph-C), 128.60 (+, 2 Ph-C), 128.99 (+, 2 diPh-C-4), 129.56 (+, 4 diPh-C), 136.91 (Cqyat, Ph-C-
1), 139.52 (Cquat, 2 diPh-C-1), 154.64 (Cquat, €=N), 176.13 (Cquat, €=0); anal. RP-HPLC (system 2): 97 %
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(t = 25.30 min, k’ = 7.30); HRMS (El, 70 eV): m/z calcd. for [C3H3;NsO + H]* 483.2998, found:
483.2993. C3yH37NsO - 2TFA (711.69).

N?-(3-Phenylpropanoyl)-N*-[3-(2-pyridyl)propyl]lguanidine (3.44)

The title compound was prepared from 3.5 (80 mg, 0.25 mmol), 3.26 (34 mg, 0.25 mmol), HgCl,
(135 mg, 0.50 mmol) and EtsN (105 pL, 0.75 mmol). Deprotection in 2 mL DCM and 2 mL TFA,
followed by preparative HPLC (20 — 65 % MeCN in 30 min) afforded product 3.44 as colorless semi-
solid compound (39 mg, 32 %). 'H-NMR (300 MHz, CDCls, trifluoroacetate): & (ppm) 2.00— 2.24 (m,
2H, Pyr-2-CH,-CH,), 2.81 (t, 2H, °J = 7.3 Hz, Ph-CH,-CH,), 2.96 (t, >J = 7.2 Hz, 2H, Ph-CH,), 3.06 — 3.25
(m, 2H, Pyr-2-CH,), 3.33 — 3.54 (m, 2H, Pyr-2-(CH,),-CH,), 7.15 — 7.32 (m, 5H, Ph-H), 7.68 — 7.77 (m,
1H, Pyr-H-5), 7.73 (d, 2H, 7.7 Hz, Pyr-H-3), 8.26 — 8.38 (m, 1H, Pyr-H-4), 8.52 — 8.73 (m, 2H, Pyr-H-6 +
NH), 9.29 (bs, 1H, NH), 10.46 (bs, 1H, NH), 12.48 (bs, 1H, NH); C-NMR (75 MHz, CDCl,,
trifluoroacetate): 6 (ppm) 29.04 (-, Pyr-2-CH,-CH,), 30.24 (-, Pyr-2-CH,), 30.84 (-, Ph-CH,), 38.42 (-,
Pyr-2-(CH,),-CH,), 40.38 (-, Ph-CH,-CH,), 124.63 (+, Pyr-C-5), 126.47 (+, Ph-C-4), 127.47 (+, Pyr-C-3),
128.50 (+, 2 Ph-C), 128.57 (+, 2 Ph-C), 139.69 (Cquat, Ph-C-1), 141.53 (+, Pyr-C-6), 145.64 (+, Pyr-C-4),
154.50 (Cquat, C=N), 157.25 (Cquar, Pyr-C-2), 175.99 (Cqua, €=0); anal. RP-HPLC (system 2): 94 % (tz =
15.63 min, k’ = 4.12); HRMS (El, 70 eV): m/z calcd. for [C1gH2,N,O + H]" 310.1794, found: 310.1790.
C1sH22N4O - 2TFA (538.43).

N?-(3-Phenylpropanoyl)-N*-[3-(3-pyridyl)propyllguanidine (3.45)

The title compound was prepared from 3.5 (80 mg, 0.25 mmol), 3.27 (34 mg, 0.25 mmol), HgCl,
(135 mg, 0.50 mmol) and EtzN (105 pL, 0.75 mmol). Deprotection in 2 mL DCM and 2 mL TFA,
followed by preparative HPLC (20 — 65 % MeCN in 30 min) afforded product 3.45 as colorless oil
(45 mg, 33 %). "H-NMR (300 MHz, CDCls, trifluoroacetate): & (ppm) 2.00— 2.24 (m, 2H, Pyr-4-CH,-CH,),
2.81 (t, 2H, °J = 7.4 Hz, Ph-CH,-CH,), 2.92 — 3.08 (m, 2H, Pyr-4-CH, and Ph-CH,), 3.40 (t, 2H, 3/ = 7.0
Hz, Pyr-4-(CH,),-CH,), 7.13 — 7.31 (m, 5H, Ph-H), 7.75 — 7.87 (m, 1H, Pyr-H-5), 8.15 — 8.38 (m, 1H, Pyr-
H-4), 8.36 (d, 3/ = 7.5 Hz, 1H, Pyr-H-6), 8.47 — 8.62 (m, 1H, Pyr-H-2), 8.78 (bs, 1H, NH), 9.38 (bs, 1H,
NH), 10.23 (bs, 1H, NH), 12.85 (bs, 1H, NH); *C-NMR (75 MHz, CDCls, trifluoroacetate): & (ppm) 28.84
(-, Pyr-3-CH,-CH,), 29.63 (-, Pyr-3-CH,), 30.16 (-, Ph-CH,), 38.35 (-, Pyr-3-(CH,),-CH,), 40.34 (-, Ph-CH,-
CH,), 127.50 (+, Ph-C-4), 126.50 (+, Ph-C-4), 126.88 (+, Pyr-C-5), 128.41 (+, 2 Ph-C), 128.58 (+, 2 Ph-C),
139.20 (+, Pyr-C-2), 139.61 (Cqyat, Ph-C-1), 141.57 (+, Pyr-C-3), 145.98 (+, Pyr-C-4), 154.50 (Cquat, C=N),
176.27 (Cquat, €=0); anal. RP-HPLC (system 2): 95 % (tz = 15.66 min, k" = 4.13); HRMS (El, 70 eV): m/z
calcd. for [CigH,,N40 + H]*310.1794, found: 310.1788. C1gH,,N40 - 2TFA (538.43).
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N’-(3-Phenylpropanoyl)-N’-[3-(4-pyridyl)propyl]guanidine (3.46)

The title compound was prepared from 3.5 (80 mg, 0.25 mmol), 3.28 (34 mg, 0.25 mmol), HgCl,
(135 mg, 0.50 mmol) and EtsN (105 uL, 0.75 mmol). Deprotection in 2 mL DCM and 2 mL TFA
followed by preparative HPLC (20 — 65 % MeCN in 30 min) afforded product 3.46 as colorless half-
solid compound (41 mg, 35 %). *H-NMR (300 MHz, CD;0D, trifluoroacetate): & (ppm) 2.01- 2.14 (m,
2H, Pyr-4-CH,-CH,), 2.80 (t, 2H, °J = 7.4 Hz, Ph-CH,-CH,), 2.92 — 3.08 (m, 2H, Pyr-4-CH, and Ph-CH,),
3.40 (t, 2H, *J = 7.0 Hz, Pyr-4-(CH,),-CH,), 7.13 — 7.31 (m, 5H, Ph-H), 7.98 (d, 2H, *J = 6.8 Hz, Pyr-3,5-
H), 8.74 (d, °J = 7.0 Hz, 2H, Pyr-2,6-H); >C-NMR (75 MHz, CD;OD, trifluoroacetate): & (ppm) 29.09 (-,
Pyr-4-CH,-CH,), 31.28 (-, Pyr-4-CH,), 33.94 (-, Ph-CH,), 39.51 (Pyr-4-(CH,),-CH,), 41.87 (-, Ph-CH,-CH,),
127.50 (+, Ph-C-4), 128.51 (+, Pyr-C-3,5), 129.50 (+, 2 Ph-C), 129.62 (+, 2 Ph-C), 141.38 (Cquar, Ph-C-1),
142.66 (+, Pyr-C-2,6), 164.50 (Cqyat, Pyr-C-4), 176.50 (Cquat, €=0); anal. RP-HPLC (system 2): 95 % (tg =
15.03 min, k’ = 3.93); HRMS (El, 70 eV): m/z calcd. for [C1gH,,N,0 + H]* 310.1794, found: 310.1792.
CisH22N40 - 2TFA (538.43).

N?-(3-Aminopropyl)-N"-(3-phenylpropanoyl)guanidine (3.47)

The title compound was prepared from 3.5 (120 mg, 0.37 mmol), 3.36 (65 mg, 0.37 mmol), HgCl,
(202 mg, 0.75 mmol) and EtsN (157 pL, 1.12 mmol). Deprotection in 3 mL DCM and 3 mL TFA
followed by preparative RP-HPLC (10 — 40 % MeCN in 30 min) afforded 3.47 as colorless resin (51 mg,
29 %). *"H-NMR (300 MHz, CD,0D, trifluoroacetate): & (ppm) 1.78 — 1.89 (m, 2H, CH,-CH,-NH), 2.77 (t,
’J = 7.5 Hz, 2H, Ph-CH,-CH,), 2.96 (t, °J = 7.4 Hz, 2H, CH,-NH,), 3.40 (t, > = 6.7 Hz, 2H, Ph-CH,), 3.66 (t,
’J = 5.8 Hz, 2H, CH,-NH), 7.02 — 7.38 8m, 5H, Ph-H); *C-NMR (75 Mhz, CD;0D, trifluoroacetate): &
(ppm) 31.25 (-, CH,-CH,-NH,), 31.50 (-, Ph-CH,), 39.58 (-, NH-CH,), 40.21 (-, Ph-CH,-CH,), 59.98 (-, CH,-
NH,), 127.51 (+, Ph-C-4), 129.46 (+, 2 Ph-C), 129.64 (+, 2 Ph-C), 141.38 (Cquat, Ph-C-1), 155.15 (Cquat,
C=N), 176.49 (Cquat, €=0); anal. RP-HPLC (system 1): 99 % (tz = 18.00 min, kK’ = 4.90); HRMS (ESI): m/z
caled. for [C13H20N,O + H]* 249.1710, found: 249.1713. C13HoN,0 - 2TFA (476.36).

N™-[3-(Morpholin-4-yl)propyl]-N>-(3-phenylpropanoyl)guanidine (3.49)

The title compound was prepared from 3.5 (150 mg, 0.47 mmol), 3.38 (67 mg, 0.47 mmol), HgCl,
(253 mg, 0.93 mmol) and EtsN (196 uL, 1.40 mmol). Deprotection in 3 mL DCM and 3 mL TFA
followed by flash chromatography afforded product 3.49 as white solid (65 mg, 65 %). *H-NMR (300
MHz, CD;0D): 6 (ppm) 1.79 — 1.91 (m, 2H, Morph-CH,-CH,), 2.43 — 2.60 (m, 6H, Morph-H + Morph-
CH,), 2.78 (t, °J = 7.6 Hz, 2H, Ph-CH,-CH,), 2.96 (t, °J = 7.4 Hz, 2H, Ph-CH,), 3.37 (t, ’J = 6.5 Hz, 2H,
Morph-(CH,),-CH,), 3.73 (t, °J = 4.7 Hz, 4H, Morph-H), 7.14 — 7.32 (m, 5H, Ph-H); *C-NMR (75 Mhz,
CD30D): 6 (ppm) 25.43 (-, Morph-CH,-CH,), 31.29 (-, Ph-CH,;), 39.52 (-, Morph-(CH,),-CH,), 40.76 (-,
Ph-CH,-CH,), 54.45 (-, 2 Morph-C), 56.16 (-, Morph-CH,), 67.40 (-, 2 Morph-C), 127.49 (+, Ph-C-4),
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129.48 (+, 2 Ph-C), 129.62 (+, 2 Ph-C), 141.42 (Cquat, Ph-C-1), 151.30 (Cquar, €=N), 176.38 (Cquat, €=O);
anal. RP-HPLC (system 2): 93 % (tgy = 28.90 min, k’ = 8.48); HRMS (El, 70 eV): m/z calcd. for
[C17H26N402 + H]+3182056, found: 318.2059. C17H25N402 (31841)

N?-(3-Phenylpropanoyl)-N*-(3-phenylpropyl)guanidine (3.50)

The title compound was prepared from 3.5 (120 mg, 0.37 mmol), 3.39 (50 mg, 0.37 mmol), HgCl,
(202 mg, 0.75 mmol) and EtsN (157 pL, 1.12 mmol). Deprotection in 3 mL DCM and 3 mL TFA,
followed by flash chromatography afforded 3.50 as colorless foam (55 mg, 53 %). *H-NMR (300 MHz,
CDCl3): & (ppm) 1.91 — 2.12 (m, 2H, Ph-CH,-CH,), 2.71 (t, °J = 7.6 Hz, 2H, Ph-CH,), 2.84 (t, °J = 7.8 Hz,
2H, Ph-CH,-CH,-CO), 2.98 (t, ) = 7.2 Hz, 2H, Ph-CH,-CH,-CO), 3.25 — 3.35 (m, 2H, Ph-(CH,),-CH,), 7.10
—7.35(m, 10H, Ph-H), 9.87 (bs, 2H, NH,), 13.34 (bs, 1H, NH); **C-NMR (75 Mhz, CDCls): & (ppm) 29.50
(-, Ph-CH,-CH,), 30.25 (-, Ph-CH,), 32.51 (-, Ph-CH,), 38.41 (-, CH,-NH), 40.66 (-, Ph-CH,-CH,-CO),
126.47 and 126.52 (+, 2 Ph-C-4), 128.32 (+, 2 Ph-C), 128.48 (+, 2 Ph-C), 128.60 (+, 2 Ph-C), 128.72 (+, 2
Ph-C), 139.57 and 139.98 (Cquat, 2 Ph-C-1), 154.51 (Cquar, €=N), 176.88 (Cquat, C=0); anal. RP-HPLC
(system 1) : 97 % (tz = 23.56 min, k’ = 7.33); HRMS (El, 70 eV): m/z calcd. for [CigH23N30 + H]*
309.1841, found: 309.1836. C;9H,3N30 (309.41).

N*-[3-(Benzimidazol-2-yl)propyl]-N*-(3-phenylpropanoyl)guanidine (3.51)

The title compound was prepared from 3.5 (80 mg, 0.25 mmol), 3.32 (43 mg, 0.25 mmol), HgCl,
(135 mg, 0.50 mmol) and EtsN (105 uL, 0.75 mmol). Deprotection in 2 mL DCM and 2 mL TFA
followed by preparative HPLC (15 — 60 % MeCN in 30 min) afforded product 3.51 as pale brown resin
(41 mg, 29 %). "H-NMR (300 MHz, CD;0D, trifluoroacetate): & (ppm) 2.20 — 2.33 (m, 2H, Benzim-CH,-
CH,), 2.73 (t, > = 7.5 Hz, 2H, Ph-CH,-CH,), 2.92 (t, °J = 7.5 Hz, 2H, Ph-CH,), 3.25 — 3.24 (m, overlap
with solvent, 2H, Benzim-CH,), 3.47 (t, °J = 6.8 Hz, 2H, Benzim-(CH,),-CH,), 7.11 — 7.34 (m, 5H, Ph-H),
7.52 — 7.60 (m, 2H, Benzim-H), 7.71 — 7.78 (m, 2H, Benzim-H); *C-NMR (75 Mhz, CDOD,
trifluoroacetate): & (ppm) 24.92 (-, Benzim-CH,-CH,), 26.47 (-, Benzim-CH,), 31.22 (-, Ph-CH;), 39.45 (-
, Benzim-(CH,),-CH,), 41.47 (-, Ph-CH,-CH,), 114.83 (+, 2 Benzim-C), 127.40 (+, Benzim-C), 127.48 (+,
Ph-C-4), 129.49 (+, 2 Ph-C), 129.60 (+, 2 Ph-C), 132.52 (Cquat, Benzim-C), 141.37 (Cquat, Ph-C-1), 154.46
(Cquat, €=N), 155.41 (Cquat, €=N), 176.48 (Cquar, €=0); anal. RP-HPLC (system 1): 99 % (tz = 14.71 min, k’
= 4.20); HRMS (El, 70 eV): m/z calcd. for [CyH23NsO + H]™ 349.1903, found: 349.1904. CyoH»;3NsO -
2TFA (577.47).

3-Phenyl-N-(tetrahydropyrimidin-2(1H)-ylidene)propanamide (3.52)
The title compound was prepared from 3.5 (120 mg, 0.37 mmol), 3.37 (28 mg, 0.37 mmol), HgCl,
(202 mg, 0.75 mmol) and EtsN (157 pL, 1.12 mmol). Deprotection in 3 mL DCM and 3 mL TFA,
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followed by flash chromatography afforded 3.52 as white solid (41 mg, 48 %). "H-NMR (300 MHz,
CDCly): & (ppm) 1.76 — 2.02 (m, 2H, CH,-CH,-NH), 2.54 (t, %) = 7.6 Hz, 2H, Ph-CH,-CH), 2.96 (t, > = 7.5
Hz, 4H, Ph-CH,), 3.40 (t, °J = 5.8 Hz, 4H, NH-CH,-CH,-CH,-NH), 7.13 — 7.30 (m, 5H, Ph-H); *C-NMR (75
MHz, CDCl5): & (ppm) 20.14 (-, CH,-CH,-NH), 32.01 (-, Ph-CH,), 38.48 (-, NH-CH,-CH,-CH,-NH), 41.88 (-
, Ph-CH,-CH,), 127.74 (+, Ph-C-4), 128.32 (+, 2 Ph-C)), 128.34 (+, 2 Ph-C), 142.15 (Cqyat, Ph-C-1), 158.67
(Cquaty €=N), 184.26 (Cquar, €=0); MS (ESI, MeCN/ 0.1 % FA) m/z (%): 232 (100) [M+H]". Cy3H;7N30
(231.29).

N,N'-[Propane-1,3-diylbis(azanediyl)]bis(aminomethan-1-yl-1-ylidene)bis(3-phenylpropanamide)
(3.53)

The title compound was prepared from 3.45 (120 mg, 0.37 mmol), 1,3-diaminopropane 3.34 (28 mg,
0.37 mmol), HgCl, (202 mg, 0.75 mmol) and Et;N (157 pL, 1.12 mmol). Deprotection in 3 mL DCM and
3 mL TFA, followed by flash chromatography afforded 3.53 as colorless semi-solid compound (49 mg,
19 %). "H-NMR (300 MHz, CD;0D, trifluoroacetate): 6 (ppm) 1.86 — 2.06 (m, 2H, CH,-CH,-NH), 2.78 ( t,
3J = 7.5 Hz, 4H, Ph-CH,-CH5), 2.96 (t, >J = 7.4 Hz, 4H, Ph-CH,), 3.39 (t, °J = 6.9 Hz, 4H, NH-CH,-CH,-CH,-
NH), 7.12 — 7.32 (m, 10, Ph-H); *C-NMR (75 MHz, CD;OD, trifluoroacetate): & (ppm) 27.37 (-, CH,-
CH,-NH), 31.27 (-, 2 Ph-CH,), 39.55 (-, NH-CH,-CH,-CH,-NH), 40.15 (-, 2 Ph-CH,-CH,), 127.50 (+, 2 Ph-C-
4), 129.48 (+, 4 Ph-C), 129.62 (+, 4 Ph-C), 141.37 (Cquat, 2 Ph-C-1), 155.30 (Cquat, 2 C=N), 176.46 (Cquat, 2
C=0); anal. RP-HPLC (system 2): 95 % (tr = 22.44 min, kK’ = 6.36); HRMS (LS|, glycerine): m/z calcd. for
[Ca3H30Ng0; + H]™ 423.2508, found: 423.2509. C,3H30Ng0, (422.52).

3.5.1.9 Preparation of the Guanidine-Type Building Block 3.57
N*,N?-Bis(benzyloxycarbonyl)guanidine (3.55)

DCM (160 mL) was added to a solution of guanidine hydrochloride 3.54 (7.64 g, 80 mmol, 1 eq) and
sodium hydroxide (7.64 g, 240 mmol, 5.0 eq) in 80 mL H,0. Benzyl chloroformate (33.8 mlL,
240 mmol, 3 eq) was added dropwise at 0 °C over a period of 45 min. After stirring for 20 h at 0 °C,
the reaction mixture was diluted with 200 mL DCM and the layers were separated. The aqueous layer
was then extracted with DCM (2x 200 mL) and the combined organic layers were washed with H,0
and dried over MgS0O,. After removal of the solvent under reduced pressure, the crude product was
recrystallized from MeOH affording 3.55 as colorless crystals (18.1 g, 69 %); mp: 146 — 147 °C (ref.?®:
149 — 150 °C). "H-NMR (300 MHz, CDCl;): & (ppm) 5.07 (s, 4H, Ph-CH,), 7.27 — 7.43 (m, 10H, Ph-H),
8.20 — 9.40 (m, 2H, NH,). MS (ESI, MeCN/0.1 % FA) m/z (%): 328 (70) [M+H]", 369 (100)
[M+H+MeCN]*, 655 (50) [2M+H]*. C;7H17N30,4 (327.33).
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N*,N°-Bis(benzyloxycarbonyl)-N*-(trifluoromethanesulfonyl)guanidine (3.56)*

Sodium hydride (60 % dispersion in mineral oil, 2.11 g, 55.0 mmol, 2 eq) was added in portions to a
solution of 3.55 (12.86 g, 27.5 mmol, 1 eq) in anhydrous chlorobenzene (50 mL) at 0 °C under an
argon atmosphere. After stirring for 1 h at 0 ° C the mixture was cooled to —45 °C and
trifluoromethanesulfonic anhydride (7.76 g, 57.5 mmol, 1 eq) was added slowly. The mixture was
allowed to come to room temperature and stirred overnight. After evaporation of the solvent, the
residue was dissolved in EtOAc (500 mL) and a solution of KHSO, (2 M, 200 mL). The phases were
separated and the organic layer was washed with H,0 and brine before drying over MgSQ,. After
removing the solvent under reduced pressure the crude product was subjected to flash
chromatography (DCM/diethyl ether 95/5 v/v) yielding 3.56 as colorless oil (9.42 g, 75 %). "H-NMR
(300 MHz, CDCl3): 6 (ppm) 5.26 (s, 4H, Ph-CH,), 7.28 — 7.48 (m, 10H, Ph-H), 10.00 — 10.48 (bs, 1H,
NH). MS (ESI, NH,OAc) m/z (%): 460 (100) [M+H]", 477 (70) [M+NH,]*, 936.2 (80) [2M+NH,]".
CigH16F3N306S (459.40).

N'-(3,3-Diphenylpropyl)guanidine (3.57)*

3.56 (5.0 g, 10.9 mmol, 1 eq) was dissolved in 50 mL anhydrous DCM and 3,3-diphenylpropylamine
(2.30 g, 10.9 mmol, 1 eq)was added. The reaction mixture was stirred for 6 h at room temperature.
After evaporation of the solvent, the residue was directly subjected to flash chromatography
(DCM/MeOH 98/2 v/v) affording a pale yellow oil, which was subsequently dissolved in 100 mL
MeOH. A 10 % Pd/C catalyst (360 mg) was added and hydrogen was led through the vigorously
stirred mixture at room temperature for 5 h. The catalyst was removed by filtration over Celite and
the solvent was removed under reduced pressure yielding 3.57 as colorless foam (1.42 g, 60 %). ‘H-
NMR (300 MHz, CD;0D): & (ppm) 2.27 — 2.42 (m, 2H, (Ph),-CH-CH,), 3.08 (t, */ = 7.1 Hz, 2H, (Ph),-CH-
CH,), 4.04 (t, °J = 8.0 Hz, 1H, (Ph),-CH), 7.10 — 7.22 (m, 2h, Ph-H-4), 7.24 — 7.33 (m, 8H, Ph-H); “°C-
NMR (75 MHz, CD;0D): & (ppm) 35.53 (-, (Ph),-CH-(CH,),), 41.10 (-, (Ph),-CH-(CH,),), 49.65 (+, (Ph),-
CH), 127.56 (+, 2 Ph-C-4), 128.89 (+, 4 Ph-C), 19.71 (+, 4 Ph-C), 145.46 (Cquat, 2 Ph-C-1), 159.01 (Cquat,
C=N); MS (ESI, MeCN/0.1 % FA) m/z (%): 254 (100) [M+H]*. C16H1oN5 (253.34).

3.5.1.10 Preparation of the Carbamoylguanidine-Type Building Block 3.68

tert-Butyl (Methylsulfanyl)({[2-(tert-butoxycarbonylamino)ethyl]aminocarbonyl}amino)methylen-
carbamate (3.67)

A solution of N-(tert-butoxycarbonyl)ethane-1,2-diamine 3.35 (0.96 g, 6.0 mmol, 1 eq) and DIEA
(2.61 mL, 15.0 mmol, 2.5 eq) in anhydrous DCM (30 mL) was added dropwise to a solution of
triphosgene (1.07 g, 3.6 mmol, 0.6 eq) in 15 mL DCM over a period of 30 min under argon

atmosphere and ice cooling. N-(tert-Butoxycarbonyl)-S-methylisothiourea 3.4 (1.14 g, 6.0 mmol, 1
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eq) was added and stirring was continued for 2.5 h. After removal of the solvent under reduced
pressure, the residue was directly subjected to column chromatography (PE/EE 9:1) yielding 3.67 as
white solid (1.75 g, 77%); '"H-NMR (300 MHz, CD3;0D): & (ppm) 1.43 (s, 9H, C(CHs)3), 1.49 (s, 9H,
C(CHs)3), 2.31 (s, 3H, S-CHs), 3.12 — 3.27 (m, 4H, CH,-CH,-NHBoc); *C-NMR (75 MHz, CD;0D): & (ppm)
14.36 (+, S-CH3), 28.02 (+, 3 C(CHs);), 28.35 (+, 3 C(CHs)3), 79.66 (-, CH,-N), 82.82 (-, CH,-N), 151.00
(Cquats €-N), 156.46 (Cquar, C-N), 162.07 (Cquat, €=0), 162.12 (Cquat, €=0); MS (ESI, MeCN/0.1 % FA) m/z
(%): 377 (100) [M+H]". C15H2sN40sS (376.47).

N'-[Amino(3,3-diphenylpropylamino)methylene]-3-(2-aminoethyl)urea (3.68)
3,3-Diphenylpropylamine 3.66 (0.69 g, 3.25 mmol, 1 eq), the guanidinylating reagent 3.67 (1.22 g,
3.25 mmol, 1 eq) and HgCl, (1.77 g, 6.50 mmol, 2 eq) were dissolved in anhydrous DCM. Et3;N
(1.37 mL, 9.75 mmol, 3 eq) was added and the mixture was stirred for 48 h at ambient temperature.
Subsequently, EtOAc was added and the precipitate removed by filtration over Celite. Purification by
flash chromatography (DCM/MeOH 100/1 — 95/5 v/v) afforded the intermediate as white solid which
was dissolved in 30 mL MeOH and cooled to 0 °C. Acetyl chloride (0.34 mL, 4.73 mmol, 3 eq) was
added dropwise. The reaction mixture was stirred for 3h. Removal of the solvent under reduced
pressure and washing of the crude product with EtOAc yielded 3.68 as a white solid (0.59 g, 91 %).
'H-NMR (300 MHz, CD;0D): & (ppm) 2.24 — 2.35 (m, 2H, (Ph),-CH-CH,), 2.68 (t, °J = 5.9 Hz, 2H, CH-
NH,), 3.10 (t, °J = 6.6 Hz, 2H, CH,-NH), 3.16 (t, >J = 6.1 Hz, 2H, CH,-NH), 4.03 (t, °J = 7.9 Hz, 1H, (Ph),-
CH), 7.10 — 7.34 (m, 10H, Ph-H); *C-NMR (75 MHz, CD;0D): & (ppm) 36.17 (-, (Ph),-CH-(CH,), ), 40.39
(-, 2 N-(€CH3);-N), 42.70 (-, (Ph),-CH-(CH,),), 49.80 (+, (Ph),-CH), 127.41 (+, 2 Ph-C-4), 128.93 (+, 4 Ph-
C), 129.62 (+, 4 Ph-C), 145.81 (Cquat, 2 Ph-C-1), 161.82 (Cquar, €=0); MS (ESI, MeCN/0.1 % FA) m/z (%):
340 (100) [M+H]". C15H,5NsO - 2HCI (412.36).

5-(tert-Butoxycarbonylamino)pentanoic acid (3.72)*

5-Aminopentanoic acid (1.17g, 10.0 mol, 1 eq) was dissolved in 30 mL dioxane/H,0 (20/10 v/v), and
10 mL 1 N NaOH (1 eq) were added. The clear solution was cooled to 0 °C and Boc,0 (2.18 g,
10.00 mmol, 1.0 eq) was added. The reaction mixture was allowed warm to room temperature and
was stirred overnight. After evaporation of the solvent, the residue was dissolved in EtOAc. The
organic phase was washed with 5 % citric acid (15 mL) and brine (15 mL) then dried over MgSO,.
Removal of the solvent afforded the crude product which was treated with pentane yielding 3.72 as a
white powder (1.62 g, 75 %). *H-NMR (300 MHz, CDCls): 8 (ppm) 1.43 (s, 9H, C(CHs)3), 1.59 — 1.58 (m,
2H, CH,), 1.59 — 1.71 (m, 2H, CH,), 2.35 (t, >/ = 7.2 Hz, CH,-COOH), 3.00 — 3.30 (m, 2H, CH,-NH), 10.62
(bs, 1H, COOH); *C-NMR (75 MHz, CD;0OD): & (ppm) 23.31 (-, CH,-CH,-COOH), 28.82 (+, C(CHs)s),
30.47 (-, CH,-CH,-NH), 34.57 (-, CH,-COOH), 40.98 (-, CH,-NH), 79.89 (Cqyat, €(CH3)3), 158.59 (Cquat, O-
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CO-N), 177.43 (Cquar, €=0); MS (ESI, MeCN/0.1 % FA) m/z (%): 218 (25) [M+H]", 435 (100) [2M+H]".
CioH1oNO, (217.26).

3.5.1.11 Preparation of Carbamoylguanidine-Type Amino Acid Derivatives 3.73 —3.77

General Procedure

The N-Boc-N-Methyl amino acid (1 eq, EDAC (1.2 eq), HOBt-monohydrate (1.2 eq) and DIEA (2.0 eq)
were dissolved in DCM,,s under argon atmosphere and stirred for 15 min at room temperature. To
this mixture a solution of the building block 3.68 (1 eq) in DCM,,; was added and stirred overnight.
After removal of the solvent under reduced pressure, the crude product dissolved in EtOAc. The
organic phase was washed with water, dried over MgS0O, and concentrated in vacuo. Subsequently,
the Boc-protection group was removed with 50 % TFA in DCM. Therefore, the reaction mixture was
stirred for 3 — 5 h (TLC control). After removal of the solvent in vacuo, the crude product was purified

by preparative RP-HPLC.

N-(2-{3-[Amino(3,3-diphenylpropylamino)methylene]ureido}ethyl)-4-methyl-2-(methylamino)-
pentanamide (3.73)

The title compound was prepared from 3.68 (100 mg, 0.30 mmol), N-Boc-N-methyl-L-leucine 3.69
(72 mg, 0.30 mmol), EDAC (68 mg, 0.35 mmol), HOBt (48 mg, 0.35 mmol) and DIEA (103 uL,
0.59 mmol) according to the general procedure. Deprotection in 3 mL DCM and 3 mL TFA followed by
preparative RP-HPLC (30 — 60 % MeCN in 30 min) afforded 3.73 as colorless resin (65 mg, 38 %). 'H-
NMR (300 MHz, CD;0D, trifluoroacetate): & (ppm) 0.89 — 1.03 (m, 6H, CH-(CH),), 1.31-1.41 (m, 1H,
CH-(CHs),), 1.55 — 1.70 (m, 2H, CH,-CH-(CHs),), 2.34 — 2.47 (m, 2H, (Ph),-CH-CH,), 2.64 (s, 3H, N-CHs),
3.22 (t, */ = 7.0 Hz, 2H, (Ph),-CH-CH,-CH,), 3.33 — 3.48 (m, 4H, N-CH»-CH,-N ), 3.72 (t, °J = 6.9 Hz, 1H,
CO-CH-NH), 4.06 (t, >J = 8.0 Hz, 1H, (Ph),-CH), 7.12 — 7.22 (m, 2H, Ph-H-4), 7.23 — 7.37 (m, 8H, Ph-H);
BC-NMR (75 MHz, CD;0D, trifluoroacetate): & (ppm) 22.42 (+, CH(CHs),), 23.11 (+, CH(CHs),)) 32.42
(+, N-CHs), 34.82 (-, (Ph),-CH-(CH,),), 40.06 (-,CH,), 40.27 (-,CH,), 40.72 (-, CH,), 41.10 (-, (Ph),-CH-
(CH,),), 49.72 (+, (Ph),-CH), 61.84 (+, CO-CH-NH), 127.67 (+, 2 Ph-C-4), 128.84 (+, 4 Ph-C), 129.77 (+, 4
Ph-C), 145.15 (Cqyat, Ph-C-1), 155.80 (Cquat, C-N), 155.97 (Cyuat, C-N), 169.49 (Cquat, €=0); anal. RP-HPLC
(system 2): 95 % (tg = 21.56 min, k€’ = 6.07); HRMS (LS|, glycerine): m/z calcd. for [CogH3sNgO,+ H]*
467.3134, found: 467.3118. C,6H33N¢O, - TFA (580.64).

N-(2-{3-[Amino(3,3-diphenylpropylamino)methylene]ureido}ethyl)pyrrolidine-2-carboxamide
(3.74)

The title compound was prepared from 3.68 (100 mg, 0.30 mmol), N-Boc-L-proline 3.70 (63 mg,
0.30 mmol), EDAC (68 mg, 0.35 mmol), HOBt (48 mg, 0.35 mmol) and DIEA (103 pL, 0.59 mmol)
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according to the general procedure. Deprotection in 3 mL DCM and 3 mL TFA followed by preparative
RP-HPLC (15 — 60 % MeCN in 30 min) afforded 3.74 as pale brown resin (55 mg, 33 %); "H-NMR (300
MHz, CD;0D, trifluoroacetate): & (ppm) 1.94 — 2.12 (m, 3H, pyrrolidine-H), 2.29 — 2.47 (m, 3H,
pyrrolidine-H + (Ph),-CH-CH,), 3.22 (t, 3)=7.0 Hz, 2H, (Ph),-CH-CH,-CH,), 3.30 — 3.54 (m, 6H, overlap
with solvent, pyrrolidine-H + N-CH,-CH,-N), 4.06 (t, 3) = 8.0 Hz, 1H, (Ph),-CH), 4.19 — 4.27 (m, 1H, CO-
CH-NH), 7.14 — 7.22 (m, 2H, Ph-H-4), 7.24 — 7.34 (m, 8H, Ph-H); C-NMR (75 MHz, CD;0D,
trifluoroacetate): 6 (ppm) 25.07 (-, Pyrrolidine-C), 30.93 (-, Pyrrolidine-C), 34.38 (-, (Ph),-CH-(CH,),),
40.18 (-, N-(CH;)>-N), 40.45 (-, N-(CH;)>-N), 41.13 (-, (Ph),-CH-(CH,),), 47.34 (-, Pyrrolidine-C), 49.76 (+,
(Ph),-CH), 61.21 (+, CO-CH-NH), 127.66 (+, 2 Ph-C-4), 128.85 (+, 4 Ph-C), 129.77 (+, 4 Ph-C), 145.17
(Cquat, Ph-C-1), 155.80 (Cquat, €-N), 155.97 (Cquat, C-N), 169.90 (Cqyat, €=0); anal. RP-HPLC (system 1): 99
% (tg = 16.46 min, k’ = 4.82); HRMS (LS|, glycerine): m/z calcd. for [C,4H3,NgO,+ H]* 437.2665, found:
437.2678. Cy4H3;N60, - TFA (550.57).

N-(2-{3-[Amino(3,3-diphenylpropylamino)methylene]ureido}ethyl)-3-(4-hydroxyphenyl)-2-
(methylamino)propanamide (3.75)

The title compound was prepared from 3.68 (100 mg, 0.30 mmol), N-Boc-N-methyl-O-benzyl-L-
tyrosine 3.71 (87 mg, 0.30 mmol), EDAC (68 mg, 0.35 mmol), HOBt (48 mg, 0.35 mmol) and DIEA
(103 pL, 0.59 mmol) according to the general procedure. Deprotection in 3 mL DCM and 3 mL TFA
followed by preparative RP-HPLC (15 — 60 % MeCN in 30 min) afforded 3.75 as white solid (81 mg,
43 %); mp 59 -62 °C. "H-NMR (300 MHz, CD;0D, trifluoroacetate): & (ppm) 2.31 — 2.44 (m, 2H, (Ph),-
CH-CH,), 2.62 (s, 3H, N-CHs), 2.99 — 3.08 (m, 1H, Phenol-CH,), 3.14 — 3.23 (m, 3H, Phenol-CH, + (Ph),-
CH -CH,-CH,), 3.25 — 3.32 (m, overlap with solvent, 4H, NH-CH,-CH,-NH), 3.88 (t, 3/ = 7.2 Hz, 1H, CO-
CH-NH), 4.04 (t, °J = 8.0 Hz, 1H, (Ph),-CH), 6.75 (d, ?J = 8.5 Hz, 2H, Phenol-H), 7.04 (d, *J = 8.5 Hz,
Phenol-H), 7.13 — 7.22 (m, 2H, Ph-H-4), 7.23 — 7.32 (m, 8H, Ph-H); *C-NMR (75 MHz, CD;0D,
trifluoroacetate): & (ppm) 32.66 (+, N-CHs), 34.79 (-, (Ph),-CH-(CH;),), 37.12 (-, Phenol-CH;), 40.09 and
40.08 (-, N-(CH;),-N), 41.15 (-, (Ph),-CH-(CH,),), 49.76 (+, (Ph),-CH), 64.48 (CO-CH-NH), 116.83 (+, 2
Phenol-C), 125.58 (Cquae, Phenol-C-1), 127.65 (+, 2 Ph-C-4), 128.84 (+, 4 Ph-C), 129.76 (+, 4 Ph-C),
131.62 (+, Phenol-C), 145.17 (Cquat, 2 Ph-C-1), 155.85 (Cquar, C-N), 158.39 (Cquar, Phenol-C-4), 168.95
(€=0); anal. RP-HPLC (system 1): 96 % (tz = 17.06 min, k” = 5.03); HRMS (LS|, glycerine): m/z calcd. for
[CaoH36NeOs + H]*517.2927, found: 517.2924. C,9H3sNO5 - TFA (630.65).

5-Amino-N-(2-{3-[amino(3,3-diphenylpropylamino)methylene]ureido}ethyl)pentanamide (3.76)
The title compound was prepared from 3.68 (140 mg, 0.32 mmol), 5-(Boc-amino)pentanoic acid
(3.72, 69 mg, 0.32 mmol), EDAC (73 mg, 0.38 mmol), HOBt (52 mg, 0.38 mmol) and DIEA (111 pL,

0.64 mmol) according to the general procedure. Deprotection in 4 mL DCM and 4 mL TFA followed by
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preparative RP-HPLC (15 — 60 % MeCN in 30 min) afforded 3.76 as pale brown resin (73 mg, 50 %);
'H-NMR (300 MHz, CD;0D, trifluoroacetate): & (ppm) 1.55 — 1.77 (m, 4H, (CHs),-CH,-NH,), 2.21 — 2-31
(m, 2H, CH,-CO), 2.35 — 2.47 (m, 2H, (Ph),-CH-CH,), 2.86 — 2.96 (m, 2H, CH,-NH,), 3.22 (t, >/ = 7.0 Hz,
2H, (Ph),-CH-CH,-CH,), 3.28 — 3.34 (m, 4H, NH-CH,-CH,-NH), 4.06 (t, >/ = 8.0 Hz, 1H, (Ph),-CH), 7.13 —
7.23 (m, 2H, Ph-H-4), 7.24 — 7.34 (m, 8H, Ph-H); *C-NMR (75 MHz, CD;0D, trifluoroacetate): & (ppm)
23.37 (-, N-CH,-(CH,),-CH,-N), 28.06 (-,N-CH,-(CH,),-CH,-N), 34.81 (-, (Ph),-CH-(CH,),), 36.00 (-, CH,-
N), 39.94 (-, CH,-N), 40.36 (-, CH,-N), 40.41 (-, CH,-N), 41.15 (-, (Ph),-CH-(CH5,),), 49.77 (+, (Ph),-CH),
127.66 (+, 2 Ph-C-1), 128.84 (+, 4 Ph-C), 129.76 (+, 4 Ph-C), 145.18 (Cquat, 2 Ph-C-1), 155.84 (Cquat,
C=N), 175.81 (Cquat, €=0); anal. RP-HPLC (system 2): 99 % (tz = 19.36 min, k’ = 5.35); HRMS (El, 70 eV):
m/z calcd. for [Cp4H34N6O, + H]" 439.2821, found: 439.2826. Cy4H34NsO, - 2TFA (666.61).

N-(2-{3-[Amino(3,3-diphenylpropylamino)methylene]ureido}ethyl)-5-guanidinopentanamide (3.77)
Compound 3.76 (44 mg, 0.10 mmol, leq) was dissolved in anhydrous DCM. N,N’-Bis(tert-
Butoxycarbonyl)-1H-pyrazole-1-carboxamidine (37 mg, 0.12 mmol, 1 eq) and EtzN (35 ul, 0.25 mmol,
2.5 eq) were added and the mixture was stirred for 20 h at room temperature. Volatiles were
removed under reduced pressure. The residue was taken up in 3 mL DCM and treated with 3 mL TFA.
After 4 h stirring at room temperature the Boc-deprotection was completed and the mixture was
concentrated under reduced pressure. Purification of the crude product by preparative RP-HPLC (15
- 60 % MeCN in 30 min) afforded product 3.77 as a pale brown resin (32 mg, 45 %); ‘"H-NMR (300
MHz, CD;0D, trifluoroacetate): & (ppm) 1.51 — 1.72 (m, 4H, (CH;),-CH,-NH,), 2.24 (t, 3)=7.0 Hz, 2H,
CH,-CO), 2.36 — 2.47 (m, 2H, (Ph),-CH-CH,), 2.86 — 2.96 (m, 2H, CH,-NH,), 3.22 (t, °J = 7.0 Hz, 2H,
(Ph),-CH-CH,-CH,), 3.27 — 3.33 (m, overlap with solvent, 4H, NH-CH,-CH,-NH) 4.06 (t, 3)=8.0 Hz, 1H,
(Ph),-CH), 7.13 — 7.23 (m, 2H, Ph-H-4), 7.24 — 7.33 (m, 8H, Ph-H); “C-NMR (75 MHz, CD;OD,
trifluoroacetate): & (ppm) 23.75 (-, CH,), 29.40 (-, CH,), 34.84 (-, (Ph),-CH-(CH,),), 36.28 (-, CH,-N),
39.92 (-, CH,-N), 40.44 (-, CH,-N), 40.73 (-, CH,-N), 41.17 (-, (Ph),-CH-(CH5),), 49.76 (+, (Ph),-CH),
127.66 (+, 2 Ph-C-1), 128.84 (+, 4 Ph-C), 129.76 (+, 4 Ph-C), 145.17 (Cquat, 2 Ph-C-1), 155.84 (Cquat,
C=N), 174.18 (Cquat, €=0); anal. RP-HPLC (system 1): 100 % (tz = 16.72 min, k’ = 4.91); HRMS (LS|,
glycerine): m/z calcd. for [CysH3gNgO- + H]"481.3039, found: 481.3028. CysH3sNgO, - 2TFA (708.65).

3.5.2  Pharmacological Methods

3.5.2.1 Materials and Cell Culture

Porcine NPY (pNPY), human pancreatic polypeptide (hPP), [K*]hPP and GW1229 ** (also designated
GR231118 or 1229U91) were a gift of Prof. Cabrele (University of Bochum, Germany). The cyanine
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dye labeled fluorescent peptides cy5-pNPY and cy5-[K*]hPP were prepared in our laboratory as
described previously.>*?

Unless otherwise indicated, chemicals, buffers and reagents were purchased from Merck (Darmstadt,
Germany). Millipore water was used throughout. HEPES and bovine serum albumin (BSA) were
purchased from Serva (Heidelberg, Germany). FCS was obtained from Biochrom (Berlin, Germany),

cyanine dye Cy5-succinimidyl ester from Amersham Biosciences (Little Chalfont, UK) and

Coelenterazine h from Biotrend (Cologne, Germany).

Cell culture:

Except for HEL (human erythroleukemia) cells, expressing the NPY Y;R, all other cells — HEC-1-B-Y; >3
cells and CHO-hY,/-hY, - were genetically engineered to stably express the receptor of interest as
described elsewhere."?

HEL cells (suspension) were passaged in RPMI with FCS (5%). HEC-1-B-Y; cells (YsR) were cultured in
EMEM with FCS (10 %) and G418 (400 pg/mL) as described previously.”® CHO cells, expressing Y,R or
Y,R were grown in Ham’s F12 medium supplemented with FCS (10 %) and G418 (400 mg/mL),

2,54

hygromycin (400 mg/mL) and zeocin (200 mg/mL).

3.5.2.2 Aequorin Assay

Preparation of the cell suspension:

CHO-hYs-Ggs-mtAEQ were grown to 80 — 90 % confluency in a 175-cm’ culture flask, trypsinized and
detached with Ham's F12 supplemented with 10 % fetal calf serum. After centrifugation at 300 g for
5 min, the cells were resuspended in DMEM without phenol red containing 1 % fetal calf serum at a
density of 10 cells/mL. Coelenterazine h (2 mM stock solution in methanol) was added vyielding a
final concentration of 2 uM and the cell suspension was kept in the dark under gentle stirring for 2 h
(reconstitution of the holoenzyme). After dilution with loading buffer (1:20) the cell suspension was

incubated for 3 h in the dark.

Agonist mode:

For the characterization of agonists, 162 uL of the cell suspension were injected to 18 uL of agonist
(10-fold concentrated) in loading buffer supplemented with 1 % BSA and 100 pg/mL bacitracin in a
white 96-well plate (Greiner Bio-One, Frickenhausen, Germany) and the emitted luminescence (peak
1) was recorded in the kinetic mode for 43 s as a series of 200 ms integrations with a GENios Pro
plate reader (Tecan, Salzburg, Austria). Subsequently, 20 pL of a 1 % Triton-X-100 solution were
injected to discharge the remaining aequorin, and light emission was recorded for additional 22 s

(peak 2).
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Antagonist mode:

For the determination of antagonistic activity, 178 pL of cell suspension were added to 2 uL of test
compound (100-fold concentration) in DMSO (100 % or 50 %) in a white 96-well plate and incubated
for 15 min. 20 pL of a hPP solution (1 uM) in loading buffer supplemented with 1 % BSA and
100 pg/mL bacitracin were injected and the emitted luminescence was recorded in the kinetic mode
for 43 with the GENios Pro plate reader before lysis of the cells by injection of a 1 % Triton-X-100

solution (peak 2).

The experiments were analyzed by using the term of fractional luminescence which is calculated by
dividing the area of peak 1 (signal elicited by hPP or agonist) by the total area under peaks 1 and 2
(signal induced by addition of Trition-X-100) with the Sigma Plot 9.0 software. For detailed

information on procedures, settings and calculation, cf. ref." 2

3.5.2.3 Flow Cytometric Binding Assay

The compounds were investigated in flow cytometric binding assays with respect to Y4R affinity and

receptor subtype selectivity compared to Y;R, Y,R and YsR.

Competition binding assay:

All binding assays on the NPY Y,R were performed using Cy5-[K*]hPP (final concentration 3 nM) as
fluorescent receptor ligands. For all experiments, HEPES (25 mM) buffer (pH 7.4), containing
CaCl,-2H,0 (2.5 mM) and MgCl, (1.5 mM), was supplemented with bovine serum albumin (BSA, 1 %)
and bacitracin (0.1 g/L). All binding assays were performed in a final volume of 500 uL consisting of
490 pL of cell suspension, 5 pL of Cy5[K*]-hPP and 5 pL of increasing concentrations of test
compound (100-fold concentrated). Unspecific binding was determined by addition of an excess
(final concentration 1 uM) of GW1229. The samples were incubated in “siliconized” (Sigmacote,
Sigma-Aldrich, Taufkirchen, Germany) Eppendorf reaction vessels at room temperature for 90—
120 min and analyzed by a FacsCaliburTM flow cytometer from Becton Dickinson (Heidelberg,
Germany) equipped with an argon laser (488 nm) and a red diode laser (635 nm) using the following
instrument settings: FSC: E-1, SSC: 280 V, Fl-4: 800 V, Flow: HI. The measurement was stopped when
10000 — 15000 gated events were counted. K; values were obtained from 2 — 3 independent
experiments and were calculated by the Cheng-Prusoff equation. The detailed procedure and the

instrument settings of flow cytometric binding studies were described previously. 2
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Selectivity assay:

The selectivity of the synthesized Y,R ligands for the human NPY Y,R over Y;, Y, and Y5 receptor was
determined by flow cytometric binding studies using Cy5-pNPY as described previously.®” All
measurements were performed on a FACSCaliburTM flow cytometer from Becton Dickinson
(Heidelberg, Germany) equipped with an argon laser (488 nm) and a red diode laser (635 nm). All

compounds were tested at two concentrations (1000 nM and 10000 nM) in duplicate.
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4.1 Introduction

As outlined in Chapter 3, a first approach in searching for non-peptidic NPY Y4,R ligands was
stimulated by the discovery of UR-AK 49 as a “lead structure” (Figure 4.1). A bioisosteric replacement
of the imidazolyl moiety by different privileged structures was most successful in case of

phenylpiperazine substructures resulting in a 20-fold increase in Y,4R antagonistic activity.

NH, O
NH
2 N/\/\N)\\N
</ ] :> "
3.41
3.1 (UR-AK 49) ICs0 = 3.0 uM
|C50 =60.7 HM @
NS
R': aryl or H (\N/\/\{:jl N/U\)\Rz

R?: aryl ©/N\)

Figure 4.1: Structural modifications of the “lead structure” UR-AK 49 aiming at new non-peptidic NPY Y,R
ligands.

This successful approach prompted us to continue the acylguanidine project. Moreover, upon
screening of additional acylguanidines, which were initially designed as histamine H,; receptor

ligands, UR-PI 284 revealed one-digit Y,R antagonist

- . . NH, O R’
activity (1Cso = 5.0 uM). This compound shows a high N ~
o S NTNTTR?

degree of structural similarity with the lately P
developed 3.44, but 6-fold higher activity at the NPY

. 1 . . No. | R' R? | ICsp [UM]
YR (Figure 4.2)." Obviously, the additional phenyl
ring in the acyl residue accounts for the increased UR-PI284|  Ph Ph [ 50£07
activity. Consequently, the study presented in this 344 H Ph 32+95

chapter was initiated to prepare a small set of

analogs of 3.41, modified in the acyl moiety by Figure 4.2: Antagonistic activity of UR-P1284

and 3.44, determined in the aequorin assay

introduction of similarly lipophilic residues as in UR-
using CHO-hY,-qi5-mtAEQ cells.

P1284 as well as more polar and basic substructures.
The synthesized compounds (Figure 4.1) were characterized pharmacologically in functional cellular
assays and in flow cytometric binding studies at the different NPY receptor subtypes. Furthermore,

the new compounds were assessed with respect to potential cytotoxicitiy.
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4.2 Chemistry

The preparation of the N°-acylated piperazinylpropylguanidines was started with a three step
synthesis affording the 3-(4-phenylpiperazin-1-yl)propylguanidine building block 4.3 according to
Scheme 4.1. The N-Boc-protected S-methylisothiourea was synthesized as described in chapter 3
(see 3.2). Prior to the coupling of 3-(4-phenylpiperazin-1-yl)propylamine (3.17) with the
guanidinylating reagent 3.3, an additional Cbz-protection group was introduced according to a
standard protocol. Finally, the Cbz group was removed by hydrogenation yielding the Boc-protected

3-(phenylpiperazin-1-yl)propylguandine building block 4.3.

~ ) -
S () S (i)
)\ S A JR L) A
BocN” “NH, BocN” ~“NHCbz 3.17
3.3 41
NBoc NBoc
N/\/\N NHCb. /\/\ )J\
5 N z (i) N N NH,

N —_— N
©/ 4.2 ©/ 43

Scheme 4.1: Synthesis of the phenylpiperazinylpropylguanidine building block 4.3. Reagents and conditions: (i)
benzylsuccinimidyl carbonate (1 eq), DCM,,, rt, 20 h; (ii) HgCl, (2 eq), EtsN (3 eq), DCM, rt, 48 h; (iii) 10 % Pd/C
catalyst, MeOH, rt, 4-5 h.

Most of the arylpropionic acids used for coupling with 4.3 were commercially available. Only
biphenyl-4-yl- and cyclohexylpropionic acid (Scheme 4.2) had to be synthesized via Horner
Wadsworth-Emmons reaction’ from biphenyl-4-yl- or cyclohexylcarboxaldehyd with triethyl
phosphonoacetate followed by hydrogenation of the C=C double bond. Finally, the ester was treated
with LiOH yielding the carboxylic acids 4.10 and 4.11.

0O

_/<° M _/_/<O (i ﬂ
i H R / OEt R OEt
44,45 4.6,4.7 4.8,4.9
(iii) 0 No. | R
R_/_/<OH 4.4,4.6,4.38,4.10 | biphenyl-4-yl
4.10,4.11 4.5,4.7,4.9,4.11 | cyclohexyl

Scheme 4.2: Synthesis of biphenylyl- and cyclohexylpropionic acid 4.10 and 4.11. Reagents and conditions: (i)
triethyl phosphonoacetate (1.5 eq), NaH (1.5 eq), THF.,, reflux, overnight; (ii) 10 % Pd/C catalyst, MeOH, 5 bar,
rt, 4-5 h; (iii) LiOH (5 eq), EtOH/H,0, rt, overnight.

The coupling of the carboxylic acids 4.10 — 4.14 was performed under standard conditions using

EDAC, HOBt and DIEA. Finally, the Boc-protection group was removed with TFA (50 %) in DCM within
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3 to 8 h affording the N°-acylated 3-(4-phenylpiperazin-1-yl)propylguanidines 4.15 — 4.19 after
separation by preparative RP-HPLC in purities > 95 %.

NBoc NH, O R

(\N/\/\”J\NHZ + HOMRZL’ (\N/\/\” SN R2

L N
©/ 43 410 -4.14 ©/ 4.15-4.19

No 4.10,4.15 411,416 412,417 4.13,4.18 4.14,4.19

R H H H H

(OO O O O 1D

Scheme 4.3: Synthesis of NG—acyIated 3-(4-phenylpiperazin-1-yl)propylguanidines 4.15 — 4.19: Reagents and
conditions: (i) a) EDC (1.2 eq), HOBt, (1.2 eq), DIEA (2.0 eq), DCM,y, rt, overnight, b) TFA (50 %), DCM, rt, 3 -8
h.

4.3 Pharmacological Results and Discussion

4.3.1 Potencies and Subtype Selectivity of the Synthesized N°®-Acylated
Piperazinylpropylguanidines at the NPY Y,R

The synthesized N°-acylated phenylpiperazinylpropylguanidines were investigated for functional
activity at the NPY Y,R in a luminescence based Ca**-assay (aequorin assay) using CHO-hY,-qi5-mtAEQ
cells. In the following, antagonistic potencies are expressed as ICsg and K values, determined from
the concentration-dependent inhibition of the luminescence signal elicited by hPP (100 nM). K;
values were calculated according to the Cheng-Prusoff equation®. Additionally, all compounds were
investigated in the agonist mode. Results were given in percent by referring the measured
luminescence signal of the compounds (100 uM or 10 uM) to the maximal response of the standard
hPP (100 nM). Flow cytometric binding studies were performed in presence of Cy5-[K*]hPP (c = 3 nM,
Kp = 5.62).*> Results are given as K; calculated according to the Cheng-Prusoff equation®.

Furthermore, all synthesized compounds were investigated for binding to the other NPY receptor
subtypes in a flow cytometric binding assay using HEL (Y;R), and stably transfected CHO-Y, (Y,R) and
HEC-1B-Y; cells (YsR), respectively. Compounds were tested at two concentrations (10 uM and 1 uM,

in duplicate) in the presence of Cy5-pNPY (c =5 nM, Kp = 5.2 nM); results are given as K; (Table 4.1).°

Obviously, the introduction of different lipophilic moieties (4.15 — 4.17) instead of the phenyl ring in

the phenylpropanoyl portion in 3.41 does not influence the NPY Y,R antagonistic activity. The Kz
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values were in the same range as that of 3.41. Interestingly, the introduction of a more polar (4.18)
or a basic (4.19) residue was not tolerated. Concerning subtype selectivity, all investigated
compounds were inactive at 10 uM at the other NPY receptor subtypes except for 4.18, bearing a
hydroxyphenyl substructure, and 4.16, containing a cylcohexyl moiety, which showed affinity to the
YR in the low micromolar range.

It is striking that only highly lipophilic substructures afforded promising results. Due to cytotoxic
properties depending on the lipophilicity of the compounds (cf. section 4.4), the results from cell-

based assays have to be analyzed very carefully in order to avoid misinterpretation of false-positives.

Table 4.1: Potencies, affinities and subtype selectivities of the synthesized NG—acyIated 3-(4-phenylpiperazin-1-
yl)propylguanidines.

hY,R hY;R hY,R hYsR
No. % Relative b c d e e e
POtencya ICso [UM] Kg [uM] Ki [uM] Ki [uM] Ki [uM] Ki [uM]
3.41 3.0+1.1 3.01+1.18 0.40+0.16 n.d. inactive®  inactive®  inactive®
4.15 3.8+1.6 2.99+1.11 0.40+0.15 n.d. inactive®  inactive®  inactive®

4.16 3.7+1.5 2.74+0.28 0.37+0.04 inactive® inactive®  inactive® 3.7+1.5
4.17 3.6+1.0 3.10+1.81 0.42+0.24 4.08+3.45 inactive® inactive® inactive®
4.18 43+2.0 inactive’ - n.d. inactive®  inactive® 5.8+3.6

4.19 29+15 inactive’ - n.d. inactive®  inactive®  inactive®

? [Ca®*]; mobilization of tested compound (agonist mode) at 100 uM concentration (performed in triplicate)
given in % referred to the [Caz+]i mobilization induced by the standard hPP (100 nM) in CHO-hY,-qis-mtAEQ
cells. ® Inhibition of 100 nM hPP induced [Ca®']; mobilization in CHO-hY,-qis-mtAEQ_cells; mean + SEM from 2 or
3 independent experiments performed in triplicate. © K calculated according to the Cheng-Prusoff equation3 (c
=100 nM, Kp = 15.5 nM).  Flow cytometric binding assay using 3 nM Cy5-[K*]hPP (Kp = 5.62 nM) in CHO-hY,-qjis-
mtAEQ cells; mean + SEM from 2 or 3 independent experiments performed in triplicate ¢ Flow cytometric
binding assay using 5 nM cy5-pNPY (Kp = 5.2 nM) in CHO-hY, cells, HEL (Y,) and HEC-1B-Y;s cells, respectively. f
less than 20 % decrease of the luminescence signal elicited by 100 nM hPP at 10 uM concentration of the test
compound; testing at higher concentrations was avoided due to cytotoxic effects. ®less than 20 % displacement
of Cy5-[K*IhPP (Y,R) and Cy5-pNPY (hY;R, hY;R, hYsR); testing at higher concentrations was avoided due to
cytotoxic effects.

4.3.2 Cytotoxicity of the Synthesized NC-Acylated Piperazinylpropyl-
guanidines

4.3.2.1 Introduction

The variability of data from functional and binding assays with UR-AK49 and the synthesized N°-
acylated hetarylpropylguanidines in cell-based Y,R assays prompted us to take toxic effects into

consideration. As depicted in Figure 4.3, in case of UR-AK49, reproducibility problems became
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obvious in the aequorin assay (ICso = 178 uM, Figure 4.3: b), when comparing the ICs, value of 60.7
1M obtained by Ralf Ziemek® (Figure 4.3 a). In addition, the shapes of the concentration-response

curves differed (Figure 4.3).
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Figure 4.3: Variability of functional data obtained with UR-AK49: a) aequorin assay performed by Ralf Ziemek®
(ICso = 60.7 uM); b) aequorin assay performed to reproduce data of Ralf Ziemek (ICso = 178 uM).

A closer analysis of the data, considering in particular concentrations higher than 30 uM (Figure 4.4
a), reveals that the luminescence signal, resulting from the addition of Triton-X (Figure 4.4 b), is

reduced (100 uM) or even completely vanished (300 uM) compared to the standard hPP.
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Figure 4.4: Aequorin assay with CHO-hY,-qi5-mtAEQ cells: a) UR-AK49 tested at 300 uM, 100 uM and 30 uM
concentrations; b) magnification of the luminescence signal induced by Triton-X-100.

One may speculate that due to toxic effects of the tested compounds, especially at high
concentrations, cell rupture occurs, resulting in calcium release and partial or complete consumption
of the aequorin substrate coelenterazin. Luminescence would be mainly emitted during incubation
prior to the registration of the signal. This hypothesis is supported by the chemical nature of the

synthesized N°-acylated hetarylpropylguanidines, considering their amphiphilic character due to a



NC®-Acylated Phenylpiperazinylguanidines as Y,4R Ligands 89

basic moiety (hetarylpropylguanidine) combined with a lipophilic substructure (alkyl and aryl
residues). According to Schreier et al.” such amphiphilic compounds can interact with biological

membranes, causing membrane disruption or solubilization by analogy with classical detergents.

To verify this hypothesis, a selection of N®-acylated hetarylpropylguanidines (cf. sections 3.2 and 4.2),
summarized in Figure 4.5, was investigated for cytotoxicity and with respect to their potential to

induce hemolysis.

NH, O R? O NH, NH, O
R1/\/\H)\\N/U\)\R3 Ph/\)I\N/)\H/\/\H)\\NJ\APh
3.53
No. R! R? R?
3.40 piperazin-1-yl H Ph
3.41 4-phenylpiperazin-1-yl H Ph
3.42 4-(2-methoxyphenyl)piperazin-1-yl H Ph
343 4-benzhydrylpiperazin-1-yl H Ph
3.44 pyridin-2-yl H Ph
415 4-phenylpiperazin-1-yl H biphenyl-4-yl
4.16 4-phenylpiperazin-1-yl H cyclohexyl
417 4-phenylpiperazin-1-yl Ph Ph
418 4-phenylpiperazin-1-yl H 4-hydroxyphenyl
419 4-phenylpiperazin-1-yl H pyridin-2-yl

Figure 4.5: Overview of compounds, selected for investigations in a crystal violet based chemosensitivity assay
and hemolytic assay, respectively.

4.3.3 Hemolytic Properties of Selected Ligands

Lysis of red blood cells is a well-known readout to study amphiphilic compounds such as classic
surfactants. As often described in literature, interactions of amphiphilic substances with the
erythrocyte membrane can lead to hemolysis induced by an increase in osmotic pressure followed by
cell swelling or by partial solubilization of membrane lipids and proteins, e.g. by formation of mixed
micelles.® Complete disruption of red blood cells leads to a release of hemoglobin into the
surrounding fluid. This hemolytic effect can be determined spectrophotometrically using two
different wavelengths (580 nm and 485 nm). Figure 4.6 shows the percentage of hemolysis induced
by the selected compounds referred to the effect of the reference compound Trition-X 100 (10 %),

which is known to induce strong hemolysis at high concentrations.’
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100 M 30 uM 10 um
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UR-P1284 UR-P1284 - UR-P1284 -
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3.41 3.41 3.41
3.42 3.42 A 3.42
3.43 3.43 343
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3.53 3.53 1 3.53
413 4.13 A 4.13 A
414 414 4.14 A
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Figure 4.6: Hemolysis induced by acylguanidine- and carbamoylguanidine-type ligands at concentrations of 10
UM, 30 uM and 100 uM; Triton-X 100 was used as positive control.

At a concentration of 100 uM compounds 3.43, 4.15, 4.16, 4.17 and UR-PI284 induced severe
hemolysis (> 50 %). Moreover, a significant hemolytic effect was observed for 3.43 and UR-AK49 (30
— 50 %). All other investigated substances revealed no hemolytic effect. Interestingly, all compounds
causing severe damage of red blood cell have a cyclohexyl or benzhydryl moiety in common. These
highly lipophilic residues combined with the polar hetarylpropylguanidine substructure obviously
results in a critical amphiphilic character inducing severe cell damaging effects. In contrast,
compounds exhibiting a less tenside-like character and those containing less lipophilic residues (e.g.
3.40, 3.41, 3.42, 3.44, 4.18, 4.19) showed no evidence for solubilization of cell membranes even at
100 uM. At 30 uM, the hemolytic effect in particular for 4.15, 4.16, 4.17 and UR-P1284 was drastically
decreased. Only 3.43 still caused severe hemolysis.

Altogether, one should be aware of the cell damaging effects induced by highly hydrophobic and
amphiphilic N®-hetarylpropylguanidines with respect to cell-based in vitro experiments. With regard
to future design and synthesis of NPY receptor ligands, such tenside-like structures should be

avoided.

4.3.4 Cytotoxicity of Selected Ligands

The cytotoxic properties of selected acylguanidine-type compounds were investigated in a kinetic

crystal violet based chemosensitivity assay over a period of approximately 200 h using proliferating
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HT-29 colon carcinoma cells.™ Cisplatin was taken as reference compound. The results are depicted
in Figure 4.7.

The reference compound cisplatin was ineffective at a concentration of 0.3 uM, whereas at
increasing concentrations the drug was weakly cytotoxic (1 uM) or cytocidal (3 uM). On the contrary,
incubation of the cells with the “lead structure” UR-AK 49 at a concentration of 3 uM led to a
recovery of the initially impaired cell population. At a concentration of 10 uM, UR-AK 49 was
cytostatic. All other compounds (3.41, 3.43, 4.16 — 4.18) produced severe cell damage, immediately
leading to complete cell lysis at concentrations higher than 10 uM. Only compound 3.44, comprising
a pyridyl instead of a phenylpiperazinyl moiety in the western part of the acylguanidine substructure
was non-toxic up to a concentration of 30 uM. At a concentration of 10 uM the cell proliferation
strongly depended on the lipophilic nature of both the acyl residue and the substituent at the
piperazinyl moiety. Whereas the more polar hydroxyphenyl comprising compound 4.18 and the
phenylpiperazinylpropylguanidine 3.44 with a phenyl substituent in the eastern part lead to a
recovery of the cell population, compounds 4.16, 4.17 and 3.43 bearing highly lipophilic cyclohexyl
or diphenyl residues still revealed a distinct cytotoxic potential presumably due to the highest extent
of amphiphilicity. These observations are in good agreement with the hemolytic properties, except
for compounds 3.41 and 4.18, comprising a phenyl and a hydroxyphenyl moiety, respectively. In spite
of their cytotoxic effects at 100 uM and 30 uM in the crystal violet assay, no hemolysis these could
be observed at these concentrations.

In conclusion, these results should be taken into account when cell based in vitro investigations (and
in vivo studies) are performed with N®-acylated hetarylpropylguanidines at concentrations in the
micromolar range. Thus, in the aequorin assay, the cytotoxicity of several title compounds, e.g. 3.43,

could be misinterpreted as NPY YR agonism.
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Figure 4.7: continued on page 93
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Figure 4.7: Proliferation of HT-29 cells in the presence of various concentrations of cisplatin or

selected hY,4R ligands.

4.4 Summary and Conclusion

Essentially, the results of the investigations on N°-acylated piperazinylpropylguanidines provided
quite disillusioning results. On the one hand, replacement of the phenyl moiety in the “eastern part”
of 3.41, used as a starting point, didn’t result in increased NPY Y,R activity. The ICsy values of

compounds bearing lipophilic moieties were similar to that of 3.41. On the other hand, investigations
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on hemolysis and chemotoxicity revealed that many of the synthesized compounds caused severe
hemolytic and cell-damaging effects at the tested concentrations. This raises questions, if the
observed calcium signal actually resulted from NPY Y,R receptor binding or if it was caused by cell
lysis due to the toxicity of the test compounds. Thus, this class of strongly amphiphilic compounds
with only weak activities at the NPY Y,R seems not suitable for whole cell based test systems at
concentrations higher than 10 uM. Indeed, activity of the lead structure UR-AK49 was confirmed in a
steady state GTPase assay, using membranes instead of whole cells. Additionally, some other
acylguanidine-type compounds, originally designed as histamine receptor ligands, were identified as
weak antagonists at the NPY Y, R.!

In conclusion, the N°-acylated hetarylpropylguanidines turned out to be unsuitable as model
compounds for the synthesis of potent NPY Y,R ligands. Attempts to increase the NPY Y,R activity and
to reduce the toxic potential by structural variations failed. The introduction of more polar or basic
residues like hydroxyphenyl or pyridyl which showed a quite better toxicological profile resulted in a
negligible or even a complete loss of activity. Hence, the synthesis of acylguanidine-type compounds

as ligands for the NPY Y,4R was discontinued.

4.5 Experimental Section

4.5.1 Chemistry

4.5.1.1 General Experimental Conditions

See section 3.4.1.1

4.5.1.2 Preparation of the N®-Boc Protected Phenylpiperazinylguanidine Building Block
4.3

N'-Benzyloxycarbonyl-N*-tert-butoxycarbonyl-S-methylisothiourea (4.1)"

To a solution of 3.3 (5.71 g, 30 mmol, 1 eq) in 75 mL DCM,,; was added benzyl succinimidyl carbonate
(7.48 g, 30 mmol, 1 eq) under argon atmosphere and stirred for 20 h at room temperature. The
mixture was subsequently extracted with DCM and basified with Na,COs; (pH 9 — 10). After washing
the organic phase with water and drying over MgSQ,, the solvent was evaporated. The crude product
was subjected to flash chromatography (PE/EtOAc 90/10 v/v) yielding 4.1 as white solid (9.04 g, 93
%). *H-NMR (300 MHz, CDCl5): & (ppm) 1.50 (s, 9H, C(CHs)s), 2.41 (s, 3H, S-CHs), 5.20 (s, 2H, Ph-CH,),
7.28 — 7.47 (m, 5H, Ph-H). MS (ESI, MeCN/0.1 % FA) m/z (%): 325 (100) [M+H]". C15H,0N,0,S (324.40).
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N'-Benzyloxycarbonyl-N’-tert-Butoxycarbonyl-N>-[3-(4-phenylpiperazin-1-yl)propyl]guanidine (4.2)
3.14 (1.65 g, 7.5 mmol, 1 eq), the guanidinylating reagent 4.1 (2.43 g, 7.5 mmol, 1 eq) and HgCl,
(4.07 g, 15.0 mmol, 2 eq) were dissolved in anhydrous DCM. Et;N (5.27 ml, 37.5 mmol, 3 eq) was
added and the mixture was stirred for 48 h at ambient temperature. Subsequently, EtOAc was added
and the precipitate filtered over Celite. Purification by flash chromatography (DCM/MeOH 100/0 —
95/5 v/v) afforded the product as white solid (3.13 g, 84 %). *H-NMR (300 MHz, CD;0D): & (ppm) 1.43
(s, 9H, C(CHs)s), 1.73 — 1.85 (m, 2H, Pip-CH,-CH,), 2.47 (t, °J = 6.7 Hz, 2H, Pip-CH,), 2.54 — 2.65 (m, 4H,
Pip-H), 3.15 —3.27 (m, 4H, Pip-H), 3.15 —3.27 (m, 2H, Pip-(CH,),-CH,), 5.14 (s, 2H, Ph-CH,), 6.80 — 6.88
(m, 1H, Pip-Ph-H-4), 6.89 — 6.98 (m, 2H, Pip-Ph-H), 7.20 — 7.44 (m, 7H, Pip-Ph-H + Ph-H), 8.74 (t, %/ =
4.8 Hz, 1H, NH), 11.36 (bs, 1H, NH); *C-NMR (75 MHz, CDCls): & (ppm) 25.72 (-, Pip-CH,-CH,), 28.03
(+, C(CHs)3), 40.14 (-, Pip-(CH,),-CH,), 48.84 (-, 2 Pip-C), 53.38 (-, 2 Pip-C), 56.55 (-, Pip-CH,), 66.97 (-,
Ph-CH,), 82.99 (Cquat, C(CHs)s), 119.57 (+, 2 Pip-Ph-C), 127.86 (+, Pip-Ph-C-4), 128.02 (+, 2 Ph-C),
128.41 (+, 2 Ph-C), 129.04 (+, 2 Pip-Ph-C), 137.04 (Cquar, Ph-C-1), 151.39 (Cquat, Pip-Ph-C-1), 152.83
(Cquaty €=0), 156.39 (Cquar, €=0) 163.72 (Cquay C=N); MS (ESI, MeCN/0.1 % FA) m/z (%): 496 (100)
[M+H]*. C;7H37Ns0, (495.61).

N'-tert-Butoxycarbonyl-N’-(3-(4-phenylpiperazin-1-yl)propyl)guanidine (4.3)

4.2 (2.90 g, 5.85 mmol, 1 eq) was dissolved in 150 mL MeOH. A 10 % Pd/C catalyst (300 mg) was
added and hydrogen was led through the vigorously stirred mixture at room temperature at 5 bar for
4 — 5 h (TLC control). The catalyst was removed by filtration over Celite and the solvent was
concentrated under reduced pressure prior to purification by flash chromatography (DCM/MeOH
100/0 — 90/10 v/v) yielding a pale yellow solid (1.66, 78 %). *H-NMR (300 MHz, CD;0D): 6 (ppm) 1.44
(s, 9H, C(CHs)s), 1.69 — 1.89 (m, 2H, Pip-CH,-CH,), 2.48 (t, °J = 7.1 Hz, 2H, Pip-CH,), 2.56 — 2.75 (m, 4H,
Pip-H), 3.12 — 3.30 (m, 6H, Pip-H + Pip-(CH,),-CH,), 6.79 — 6.88 (m, 1H, Ph-H-4), 6.92 — 7.02 (m, 2H,
Ph-H), 7.18 — 7.28 (m, 2H, Ph-H); *C-NMR (75 MHz, CD;0D): & (ppm) 21.09 (-, Pip-CH,-CH,), 28.79 (+,
C(CHs)s), 39.96 (-, Pip-(CH,),-CH,), 50.34 (-, 2 Pip-C), 54.19 (+, 2 Pip-C), 56.29 (-, Pip-CH,), 79.02 (Cquat,
C(CHs)s), 117.56 (+, 2 Pip-Ph-C), 121.69 (+, Pip-Ph-C-4), 130.09 (+, 2 Pip-Ph-C), 152.73 (Cqus, C=0),
157.44 (Cquat, €=N); MS (ESI, MeCN/0.1 % FA) m/z (%): 362 (100) [M+H]". C1sH3;NsO, (361.48).

4.5.1.3 Preparation of Biphenyl- and Cyclohexylpropanoic acid 4.10 and 4.11

General Procedure for the preparation of (E,Z)-alkenoates

To a solution of triethylphosphonoacetate (1.5 eq) in 100 mL THF.s, NaH (60 % dispersion in mineral
oil, 1.5 eq) was added in portions. After stirring for 1 h at room temperature, a solution of the
aldehyde (1 eq) in THF.ys (50 mL) was added dropwise. When addition was complete, the mixture

was refluxed overnight. The solvent was removed under reduced pressure and the residue was
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diluted with EtOAc (50 mL) and washed with water (3x 20 mL). The organic layer was dried over

MgS0O,, evaporated and directly subjected to flash chromatography.

(E,2)-Ethyl 3-(biphenyl-4-yl)acrylate (4.6)*

The title compound was prepared from triethylphosphonoacetate (3.36 g, 15 mmol), NaH (0.58 g,
15 mmol) and 4-biphenylcarboxaldehyde 4.4 (1.82 g, 10 mmol) according to the general procedure.
Purification by flash chromatography (PE/EE 90/10) afforded 4.6 as a colorless oil (1.82 g, 7.2 mmol,
72 %). "H-NMR (300 MHz, CDCl5): & (ppm) 1.35 (t, 3H, *J = 7.1 Hz, CHs), 4.28 (q, 2H, *J = 7.1 Hz, CH,),
6.48 (d, 1H, °J = 16.0 Hz, CHC0),7.34-7.51 (m, 3H, Biphenyl-H), 7.56-7.67 (m, 6H, Biphenyl-H), 7.73 (d,
1H, 3/ = 16.0 Hz, Biphenyl-CH); *C-NMR (75 MHz; CDCl5): & (ppm) 14.37 (+, CHs), 60.55 (-, CH,),
118.14 (+, CHCO) , 127.06 (+, 2 Ph-C), 127.55 (+, 2 Ph-C), 127.85 (+, Ph-C-4), 128.57 (+, 2 Ph-C), 128.92
(+, 2 Ph-C), 133.44 (Cquat, Ph-C), 140.18 (Cquar, Ph-C), 143.00 (Cquar, Ph-C), 144.14 (Biphenyl-CH),
167.07 (Cquat, €=0); MS (CI, NH3) m/z (%): 252 (100) M*". C17H;60, (252.31).

(E,2)-Ethyl 3-cyclohexylacrylate (4.7)"

The title compound was prepared from triethyl phosphonoacetate (6.73 g, 30 mmol), NaH (1.15 g,
30.0 mmol) and cyclohexane carboxaldehyde 4.5 (2.42 mL, 20.0 mmol) according to the general
procedure. Purification by flash chromatography (PE/EE 100/0 — 90/10 v/v) yielded 4.7 as colorless
fluid (2.81 g, 77 %). *H-NMR (300 MHz, CDCls): & (ppm) 1.10 — 1.36 (m, 5H, Cyclohexyl-H), 1.30 (t, >/ =
7.1 Hz, 3H, CH,-CHs), 1.66 — 1.71 (m, 1H, Cyclohexyl-H), 1.73 — 1.81 (m, 4H, Cyclohexyl-H), 2.08 — 2.19
(m, 1H, Cyclohexyl-H), 4.08 (q, °J = 7.1 Hz, CH,-CHs), 5.75 (dd, °J = 15.8 Hz, “J = 1.5 Hz, 1H, CH=CH-CO),
6.90 (dd, °J = 15.8 Hz, 6.8 Hz, CH=CH-CO). C1;H150, (182.26).

General procedure for the preparation of the alkanoates 4.8 und 4.9

The ethyl (E,Z)-alkenoates were dissolved in MeOH. A 10 % Pd/C catalyst was added and hydrogen
was led through the vigorously stirred mixture at room temperature for 4 — 5 h (TLC control). The
catalyst was removed by filtration over Celite and the solvent was concentrated under reduced

pressure. The product was used without further purification.

Ethyl 3-(biphenyl-4-yl)propanoate (4.8)"

The title compound was prepared from 4.6 (1.45 g, 5.75 mmol) by hydrogenation over Pd/C (150 mg)
in 50 mL MeOH according to the general procedure yielding 4.8 as a colorless semi-solid compound
(1.42 g, 97 %). "H-NMR (300 MHz, CDCl;): & (ppm) 1.26 (t, 3H, >J = 7.1 Hz, CH,-CH), 2.67 (t, °J = 7.8 Hz,
CH,-CH,-CO), 3.01 (t, 2H, */ = 7.8, Hz, CH,-CH,-CO), 4.16 (q, 2H, */ = 7.1 Hz, CH,-CH3), 7.25-7.38 (m, 3H,
Biphenyl-H), 7.41-7.48 (m, 2H, Biphenyl-H), 7.51- 7.62 (m, 4H, Biphenyl-H); *C-NMR (75 MHz; CDCls):
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8 (ppm) 14.26 (+, CHs), 30.63 (-, CH,-CH,-CO), 35.92 (-, CH,-CH,-CO), 60.50 (-, CH,-CHs), 127.03 (+,2
Ph-C), 127.15 (+, Ph-C-4), 127.25 (+, 2 Ph-C), 128.77 (+, 4 Ph-C), 139.23 (Cquat, Ph-C), 139.71 (Cquat, Ph-
C), 140.97 (Cquat, Ph-C), 172.95 (Cquat, €=0). MS (Cl, NHs) m/z (%): 254 (60) [M]", 180 (100) [CyaH1,]""
Ci7H150; (254.32).

Ethyl 3-cyclohexylpropanoate 4.9

The title compound was prepared from 4.7 (2.7g, mmol) by hydrogenation over Pd/C (270 mg) in
100 mL MeOH according to the general procedure yielding 4.9 as a colorless fluid (2.5 g, 92 %). *H-
NMR (300 MHz, CDCl3): & (ppm) 1.24 (t, °J = 7.2 H, CH,-CHs), 1.10 — 1.30 (m, 5H, Cyclohexyl-H), 1.50 —
1.85 (m, 8H, Cyclohexyl-H + CH,-CH,-CO), 2.24 — 2.32 (m, 2H, CH,-CO) 4.11 (q, 3/ = 7.2 Hz, CH,-CHs).
C11H,0, (184.28).

General procedure for the preparation of the propanoic acids 4.10 und 4.11

The alkanoates 4.8 and 4.9 (1 eq) were dissolved in EtOH. LiOH (5 eq) in H,0O was added and the
reaction mixture was stirred overnight. After evaporation of the ethanol, the clear solution was
adjusted to pH 3 with 1N HCl and extracted with EtOAc (3x). The organic phase was dried over MgS0O,
and concentrated under reduced pressure. The obtained product was used without further

purification.

3-(Biphenyl-4-yl)propanoic acid (4.10)*

The title compound was prepared from 4.8 (1.0 g, 3.9 mmol) and LiOH (0.47 g, 19.7 mmol) according
to the general procedure to give 4.10 as a white solid (0.83 g, 93 %). '"H-NMR (300 MHz, CD;0D):
& (ppm) 2.62 (t, 2H, 3J = 7.7 Hz, CH,-CH,-CO), 2.94 (t, 2H, % = 7.7 Hz, CH,-CH,-CO), 7.24-7.33 (m, 3H,
Biphenyl-H), 7.35-7.44 (m, 2H, Biphenyl-H), 7.47-7.60 (m, 4H, Biphenyl-H); *C-NMR (75 MHz;
CD;0D): & (ppm) 33.11 (-, CH,-CH,-CO), 40.09 (-, CH,-CH,-CO), 127.85 (+,2 Ph-C), 127.96 (+,2 Ph-C),
128.07 (+, 4 Ph-C), 129.83 (+,2 Ph-C), 129.88 (+,2 Ph-C), 140.11 (Cqus, Ph-C), 142.48 (Cquar,Ph-C),
142.56 (Cquat,Ph-C), 180.69 (Cquar, €=0). MS (ESI, MeCN/0.1 % FA) m/z (%): 271 (40) [M+HCOO], 451
(70) [2M-H], 677 (100) [3M-H]". C15H140, (226.27).

3-Cyclohexylpropanoic acid (4.11)"®

The title compound was prepared from 4.9 (2.50 g, 13.6 mmol) and LiOH according to the general
procedure to give 4.11 as a colorless fluid (2.05 g, 97 %). "H-NMR (300 MHz, CDCls): & (ppm) 0.80-
1.00 (m, 2H, Cyclohexyl-H), 1.10- 1.35 (m, 4H, Cyclohexyl-H), 1.47-1.57 (m, 2H, CH,-CH,-CO), 1.58-
1.77 (m, 5H, Cyclohexyl-H), 2.37 (t, 2H, *J = 11.3 Hz, CH,-CH,-C0O), 10.45 (bs, 1H, COOH). *C-NMR (75
MHz; CDCl5): 8 (ppm) 26.19 (-, 2 Cyclohexyl-C-3), 26.50 (-, 2 Cyclohexyl-C-4), 31.71 (-, CH,-CH,-CO),
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32.04 (-, CH,-CH,-CO), 32.93 (-, 2 Cyclohexyl-C-2), 37.11 (+, Cyclohexyl-C-1), 180.91 (Cquy, €=O).
CoH160; (156.22).

4.5.1.4 Preparation of Acylguanidines 4.15 -4.19

General procedure

The carboxylic acids 4.10 — 4.14 (1 eq) were dissolved in anhydrous DCM. EDAC (1.2 eq), HOBt (1.2
eq) and DIEA (2.0 eq) were added, and the reaction mixture was stirred at room temperature under
argon atmosphere. After 15 min, the building block 4.3 (1 eq), dissolved in anhydrous DCM was
added in one portion. The clear solution was stirred at room temperature overnight. Subsequently,
the solvent was removed under reduced pressure and the crude product was taken up in EtOAc and
water. The aqueous phase was separated and extracted additional two times with EtOAc. The
combined organic phase was dried over MgSQ,, evaporated and subjected to flash chromatography.
The purified product was dissolved in DCM. TFA (50 % final concentration) was added and the
reaction mixture was stirred until the deprotection was complete (3 — 8 h, TLC control). After

evaporation of the solvent in vacuo, the crude product was purified by preparative RP-HPLC.

N?-[3-(Biphenyl-4-yl)propanoyl]-N’-[3-(4-phenylpiperazin-1-yl) propyl]guanidine (4.15)

The title compound was prepared from 4.10 (68 mg, 0.30 mmol), EDAC (69 mg, 0.36 mmol), HOBt
(49 mg, 0.36 mmol), DIEA (105 uL, 0.60 mmol) in DCM,ps (10 mL) and 4.3 (108 mg, 0.30 mmol) in
DCM,ps (5 mL) according to the general procedure. Deprotection with a mixture of 3 mL DCM and
3 mL TFA, followed by preparative RP-HPLC (20 — 50 % MeCN in 30 min) afforded product 4.15 as
beige solid (53 mg, 25 %). "H-NMR (300 MHz, CD;0D, trifluoroacetate): 8 (ppm) 2.03 — 2.22 (m, 2H,
Pip-CH,-CH,), 2.84 (t, °J = 7.2 Hz, Pip-CH,), 3.02 (t, >J = 7.3 Hz, 2H, CH,-CH,-CO), 3.19 — 3.33 (m,
overlap with solvent, 4H, Pip-H + CH,-CH,-CO), 3.34 — 3.45 (m, 4H, Pip-H + Pip-(CH,),-CH,), 3.46 — 3.77
(bs, 4H, Pip-H), 6.88 — 6.96 (m, 1H, Ph-H-4), 6.97 — 7.03 8m, 2H, Ph-H), 7.23 — 7.35 (m, 5H, Ph-H, +
biPh-H), 7.37 — 7.45 (m, 2H, biPh-H), 7.50 — 7.60 (m, 4H, biPh-H); *C-NMR (75 MHz, CD;0D,
trifluoroacetate): 6 (ppm) 25.58 (-, Pip-CH,-CH>), 30.89 (-, CH,-CH,-CO), 39.49 and 39.63 (-, Pip-(CH,),-
CH, + CH,-CH,-CO), 48.17 (-, Pip-CH,), 53.34 (-, 2 Pip-C), 55.11 (-, 2 Pip-C), 118.09 (+, 2 Ph-C), 122.50
(+, Ph-C-4), 127.88 (+, 2 biPh-C), 128.16 (+, 2 biPh-C), 128.29 (+, 2 biPh-C), 128.29 (+, biPh-C-4),
129.91 (+, 2 biPh-C), 130.06 (+, 2 biPh-C), 130.41 (+, 2 Ph-C), 140.53 (Cquat, biPh-C), 140.70 (Cquat, biPh-
C), 142.19 (Cquar, biPh-C), 151.07 (Cquat, Ph-C-1), 155.41 (Cquar, C=N), 176.43 (Cquar, C=0); anal. RP-HPLC
(system 2): 99 % (tz = 25.55 min, k' = 7.38 HRMS (LSI, glycerine): m/z calcd. for [C,gH3sNsO + H]*
470.2920, found: 470.2925. Cy9H35NsO - 2TFA (697.66).
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N*-(3-Cyclohexylpropanoyl)-N’-[3-(4-phenylpiperazin-1-yl)propyl]guanidine (4.16)

The title compound was prepared from 4.11 (47 mg, 0.30 mmol), EDAC (69 mg, 0.36 mmol), HOBT
(49 mg, 0.36 mmol), DIEA (105 L, 0.60 mmol in DCM,p; (10 mL) and 4.3 (108 mg, 0.30 mmol) in
DCM,ps (5 mL) according to the general procedure. Deprotection with a mixture of 3 mL DCM and
3 mL TFA followed by preparative RP-HPLC (20 — 50 % MeCN in 30 min) afforded product 4.16 as pale
brown resin (63 mg, 34 %)."H-NMR (300 MHz, CD50D, trifluoroacetate): & (ppm) 0.83 — 1.00 (m, 2H,
Cyclohexyl-H), 1.08 — 1.37 (m, 4H, Cyclohexyl-H), 1.48 — 1.59 (m, 2H, CH,-CH,-C0O), 1.60 — 1.78 (m, 5H,
Cyclohexyl-H), 2.03 — 2.25 (m, 2H, Pip-CH,-CH,), 2.50 (t, >J = 7.9 Hz, 2H, CH,-CH,-C0O), 2.95- 3.33 (m,
overlap with solvent, 4H, Pip-H + Pip-CH,), 3.34 — 3.49 (m, 4H, Pip-H + Pip-(CH,),-CH,), 3.50 — 3.95 (bs,
4H, Pip-H), 6.88 — 6.96 (m, 1H, Ph-H-4), 6.98 — 7.04 (m, 2H, Ph-H), 7.23 — 7.32 (m, 2H, Ph-H); *C-NMR
(75 MHz, CDs;0OD, trifluoroacetate): 23.92 (-, Pip-CH,-CH,), 27.36 (-, 2 Cyclohexyl-C), 27.63 (-,
Cyclohexyl-C), 32.91 (-, CH,-CH,-CO), 34.14 (-, 2 Cyclohexyl-C), 35.46 (-, CH,-CH,-CO), 38.40 (+,
Cyclohexyl-C-1), 39.57 (-, Pip-(CH,),-CH,), 48.13 (-, Pip-CH,), 53.32 (-, 2 Pip-C), 55.11 (-, 2 Pip-C),
118.11 (+, 2 Ph-C), 122.51 (+, Ph-C-4), 130.41 (+, 2 Ph-C), 151.16 (Cqus, Ph-C-1), 155.56 (Cquar, C=N),
177.68 (Cquat, €=0); anal. RP-HPLC (system 1): 99 % (tz = 18.84 min, k' = 5.66); HRMS (LS|, glycerine):
m/z calcd. for [C,3H37NsO + H]" 400.3076, found: 400.3070. C,3H3;NsO - 2TFA (627.61).

N?-[3,3-Diphenylpropanoyl)-N’-[3-(4-phenylpiperazin-1-yl)propyllguanidine (4.17)

The title compound was prepared from 4.12 (68 mg, 0.30 mmol), EDC (69 mg, 0.36 mmol), HOBt
(49 mg, 0.36 mmol), DIEA (105 uL, 0.60 mmol in DCM,p, (10 mL) and 4.3 (108 mg, 0.30 mmol) in
DCM,ps (5 mL) according to the general procedure. Deprotection with a mixture of 3 mL DCM and
3 mL TFA followed by preparative RP-HPLC (25 — 55 % in 30 min) afforded product 4.17 as beige solid
(90 mg, 43 %). *H-NMR (300 MHz, CD;0D, trifluoroacetate): & (ppm) 2.03 — 2.16 (m, 2H, Pip-CH,-CH,),
3.18 — 3.33 (m, overlap with solvent, 6H, Pip-H +Pip-CH, +CH-CH,), 3.34 — 3.41 (m, 4H, Pip-H + Pip-
(CH,),-CH,), 3.42 — 3.85 (bs, 4H, Pip-H), 4.60 (t, °J = 8.0 Hz, 1H, (Ph),-CH), 6.89 — 6.97 (m, 1H, Ph-H-4),
6.98 — 7.04 (m, 2H, Ph-H), 7.13 — 7.21 (m, 2H, diPh-H-4), 7.23 — 7.34 (m, 10H, diPh-H + Ph-H); *C-
NMR (75 MHz, CDs;0D, trifluoroacetate): & (ppm) 23.85 (-, Pip-CH,-CH,), 39.63 (-, Pip-(CH,),-CH;),
43.76 (-, CH-CH,-CO), 47.97 (+, (Ph),-CH), 48.16 (-, Pip-CH,), 53.35 (-, 2 Pip-C), 55.10 (-, 2 Pip-C),
118.10 (+, 2 Ph-C), 122.52 (+, Ph-C-4), 127.80 (+, 2 diPh-C), 128.82 (+, 4 diPh-C), 129.71 (+, 4 diPh-C),
130.42 (+, 2 Ph-C), 144.54 (+, 2 diPh-C-1), 151.16 (Cquat, Ph-C-1), 155.29 (Cquat, €=N), 175.43 (Cquat,
C=0); anal. RP-HPLC (system 1): 100 % (tz = 20.12 min, k¥’ = 6.11); HRMS (LSI, glycerine): m/z calcd. for
[CaoH3sNs0 + H]* 470.2920, found: 470.2925. CyH3sNsO - 2TFA (697.66).
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N*-[3-(4-Hydroxyphenyl)propanoyl)-N’-[3-(4-phenylpiperazin-1-yl)propyl]guanidine (4.18)

The title compound was prepared from 4.13 (50 mg, 0.30 mmol), EDAC (69 mg, 0.36 mmol), HOBt
(49 mg, 0.36 mmol), DIEA (105 uL, 0.60 mmol) in DCM,ps (10 mL) and 4.3 (108 mg, 0.30 mmol) in
DCM,ps (5 mL) according to the general procedure. Deprotection with 3 mL DCM and 3 mL TFA
followed by preparative RP-HPLC (15-45 % MeCN in 30 min) afforded product 4.18 as colorless resin
(49 mg, 26 %). 'H-NMR (300 MHz, CD;0D, trifluoroacetate): & (ppm) 2.04 — 2.21 (m, 2H, Pip-CH,-CH,),
2.73 (t, °J = 7.6 Hz, 2H, Pip-CH,), 2.87 (t, ) = 7.1 Hz, 2H, CH,-CH,-CO), 2.92 — 3.33 (m, overlap with
solvent, 4H, CH,-CH,-CO + Pip-H), 3.34 — 3.46 (m, 4H, Pip-H + Pip-(CH;),-CH,), 3.47 — 3.87 (bs, 4H, Pip-
H), 6.69 (d, %J = 8.6 Hz, 2H, Phenol-H), 6.89 — 7.03 (m, 1H, Ph-H-4), 6.98 — 7.08 (m, 4H, Ph-H + Phenol-
H), 7.24 — 7.33 (m, 2H, Ph-H); *C-NMR (75 MHz, CD;0D, trifluoroacetate): & (ppm) 23.90 (-, Pip-CH,-
CH,), 30.62 (-, CH,-CH,-CO), 39.57 and 39.95 (-, Pip-(CH,),-CH, + CH,-CH,-0), 48.15 (-, Pip-CH,), 53.34
(-, 2 Pip-C), 55.11 (-, 2 Pip-C), 116.32 (+, 2 Phenol-C), 118.11 (+, 2 Ph-C), 122.52 (+, Ph-C-4), 130.42 (+,
2 Ph-C), 130.49 (+, 2 Phenol-C), 151.16 (Cquat, Ph-C-1), 155.44 (Cquat, €=N), 157.00 (Cquar, Phenol-C-4),
176.61 (Cquat, €=0); anal. RP-HPLC (system 1): 99 % (tz = 13.94 min, k' = 3.93); HRMS (LS|, glycerine):
m/z calcd. for [C,3H3.NsO, + H]" 410.2556, found: 410.2564. Cy3H3:NsO, - 2TFA (637.56).

N'-[3-(4-Phenylpiperazin-1-yl)propyl]-N*-[3-(2-pyridyl)propanoyl)guanidine (4.19)

The title compound was prepared from 4.14 (45 mg, 0.30 mmol), EDAC (69 mg, 0.36 mmol), HOBt
(49 mg, 0.36 mmol), DIEA (105 pL, 0.60 mmol) in DCM,ps (10 mL) and 4.3 (108 mg, 0.30 mmol) in
DCM,ps (5 mL) according to the general procedure. Deprotection with 3 mL DCM and 3 mL TFA
followed by preparative RP-HPLC (15 — 45 % MeCN in 30 min) afforded product 4.19 as pale brown
resin (73 mg, 33 %).'"H-NMR (300 MHz, CD;0D, trifluoroacetate): & (ppm) 2.05 — 2.20 (m, 2H, Pip-
CH,-CH,), 2.93 (t, 3J = 7.2 Hz, 2H, Pip-CH,), 3.12 (t, °J = 7.2 Hz, 2H, CH,-CH,-CO), 3.22 — 3.33 (m,
overlap with solvent, 4H, -CH,-CH,-CO + Pip-H), 3.34 — 3.60 (m, 8H, Pip-H + Pip-(CH,),-CH,), 6.90 —
6.97 (m, 1H, Ph-H-4), 6.98 — 7.05 (m, 2H, Ph-H), 7.23 — 7.34 (m, 2H, Ph-H), 7.64 — 7.74 (m, 1H, Pyr-H-
5), 8.18 (d, °J = 8.0 Hz, 1H, Pyr-H-3), 8.51 — 8.59 (m, 1H, Pyr-H-4), 8.61 — 8.70 (m, 1H, Pyr-H-6); **C-
NMR (75 MHz, CD;0D, trifluoroacetate): & (ppm) 23.87 (-, Pip-CH,-CH,), 27.90 (-, CH,-CH,-CO), 38.05
(-, Pip-(CH,),-CH,), 39.60 (-, CH,-CH,-CO), 48.16 (-, Pip-CH,), 53.36 (-, 2 Pip-C), 55.11 (-, 2 Pip-C),
118.10 (+, 2 Ph-C), 122.54 (+, Ph-C-4), 126.75 (+, Pyr-C-5), 130.41 (+, 2 Ph-C), 131.58 (+, Pyr-C-4),
143.25 (+, Pyr-C-6), 146.76 (+, Pyr-C-4), 151.16 (Cquat, Ph-C-1), 154.65 (Cquat, C=N), 157.05 (Cquat, Pyr-C-
2), 175.42 (Cqyar, €=0); anal. RP-HPLC (system 1): 94 % (tg = 10.72 min, k' = 2.79); HRMS (El, 70 eV):
m/z calcd. for [Cy,H3oNgO" H]"394.2481, found: 394.2480. C,,H3oNO - 3TFA (736.57).
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4.5.2 Pharmacological Methods and Toxicological Investigations

4.5.2.1 Aequorin Assay

See section 3.3.2.1

4.5.2.2 Flow Cytometric Binding Assay

See section 3.3.2.2

4.5.2.3 Determination of Hemolytic Properties Using Mouse Erythrocytes

The hemolytic properties of the selected compounds were determined as described previously.™®

General procedure for the isolation and preparation of erythrocytes

Murine blood was collected in deep anesthesia by cardiac puncture into 200 uL of Alsever’s buffer
(0.8 % trisodium citrate; 0.05 % citric acid monohydrate; 2.0 % glucose; 0.42 % NaCl) yielding a total
volume of 0.5 to 1 mL. The resulting suspension was centrifuged for 15 min (70 g, 4 °C). After
removal of the supernatant plasma and the leukocyte-layer, the obtained erythrocytes were re-
suspended in isotonic saline (1 mL) prior to centrifugation (2000 g, 10 in, 4 °C). The supernatant was
discarded, and the washing procedure was repeated twice. Finally, the isolated erythrocytes were

stored on ice before use on the same day.

Determination of hemolysis

Stock solutions (10 mM) of selected NPY Y4R ligands were prepared in 20 %, 50 % or 100 % DMSO
prior to dilution to concentrations of 0.5 mM, 1.5 mM and 5 mM in 70 % EtOH for determination of
the hemolytic properties.

500 uL of freshly prepared erythrocytes were suspended in 9.5 mL of isotonic saline and a volume of
50 uL of this suspension was pipetted into each well of a 96-well flat-bottomed microtiter plate
(Greiner, Frickenhausen, Germany). Subsequently, 1 pL of the respective test compound stock
solution was added to obtain the desired final concentrations of 10 uM, 30 puM and 100 puM. As
positive control (100 % hemolysis) a solution of Triton-X (10 % w/w) in water was used. For the blank
values (0 % hemolysis) solvents without ligand were added. Each sample was prepared in duplicate.
After careful mixing, the plate was incubated for 1 h at 37 °C and shaken every 20 min. The plate was
centrifuged at 200 g for 3 min and 30 uL of the supernatant was transferred to a new microtiter plate

and every well was diluted with 100 pL of isotonic NaCl solution. Absorbance of the samples was
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measured at 485 nm and 580 nm using a GENios microplate reader (TECAN Group Ltd, Salzburg,

Austria). The hemolytic activity (percentage) was calculated according to the following equation:

(A Assommon | [ A o Assormon
%hem0|yS|S= 580nm " “580nm(0%) | 580nm(100%) " *580nm(0%) 100

485nm A485nm(0%) A485nm(100%) 485nm(0%)

Equation 4.1: Asgsnm, Asgonm = Measured absorbance at 580 nm and 485 nm, respectively; Asgsnm(o%), Assonm(0%) =
measured absorbance of the blank (solvent) at 485 nm and 580 nm, respectively; Asgsnm(100%), Assonm(100%) =
measured absorbance of the positive control (Triton-X) at 485nm and 580 nm, respectively

4.5.2.4 Chemosensitivity Assay

The chemosensitivtiy assay was performed as previously reported by Bernhardt et al. *°: Tumor cells
(HT-29, passage 98 and 135, respectively) were seeded (100 uL/well) into 96-well flat bottom plates
(Greiner, Frickenhausen, Germany) at a density of ca. 15 cells/microscopic field (magnificaiton 320-
fold). After 48 — 72 h of incubation (dependent on the confluency of the cells) at 37 °C and 5 % CO,,
the culture medium (McCoy’s + 5 % FCS) was removed and replaced by fresh medium containing the
NPY Y,R ligands at varying concentrations. On every plate, 16 wells served as controls and 16 wells
were used for each compound concentration. After various periods of incubation, the medium was
discarded, the cells were fixed with 1 % glutardialdehyd solution in PBS and the plates were stored at
4 °C. At the end of the experiment, all plates were simultaneously stained with 0.02 % aqueous
crystal violet (Serva, Heidelberg, Germany) solution. Then, the excess of the dye was removed by
washing with water prior to dissolving the cell-bound crystal violet with 70 % ethanol. The
absorbance was measured at 580 nm using a GENios Pro microplate reader (TECAN Group Ltd,
Salzburg, Austria). Growth curves were constructed with Sigma plot 11.0 analysis software (Systat

Software GmbH, Erkrath, Germany).
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CHAPTER 5
From Monovalent and Bivalent Argininamide-

Type NPY Y;R Ligands to Y,R Antagonists
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5.1 Introduction

Surprisingly, the determination of NPY receptor selectivity data of bivalent, N®-acylated BIBP-3226-
derived YR antagonists (prepared by Max Keller, University of Regensburg)® revealed Y,R affinities in
the low micromolar range for some of these compounds. In functional investigations these ligands
showed moderate Y,4R antagonistic activity. This type of argininamides (cf. compound 5.1 in Figure
5.1) offered a new starting point for the synthesis of non-peptidic ligands for the NPY Y,R. After
discontinuation of the project on N®-acylated hetarylpropylguanidines (Chapter 3 and 4), the arginine
derivatives were considered much more promising, because adverse effects have not been observed
to the same extent, when such compounds were studied in cellular assays. Moreover, the activity of

5.1 at the Y,4R was already in the one-digit micromolar range.

Y4R: O

binding: K; = 1.1 uM

O
RN
functional assay: IC5q = 0.92 uM /©/\H : O
-~ 0
/\©\ HO f

O O

I

/
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Figure 5.1: Bivalent N®-acylated argininamide 5.1, initially designed as NYP Y;R ligand.

In 1995, homology-based approaches, including DNA primers as well as oligonucleotides derived
from different NPY Y;R species, led to the identification of a novel NPY receptor subtype with binding
preference for hPP, later named PP1/Y, receptor, independently discovered by Lundell et al. and
Bard et. al.> ® Subsequent studies clearly demonstrated that these two receptor subtypes share the
highest sequence homology within the NPY receptor family with a 42 % overall identity.* > As a
consequence, compounds formerly developed as agonists for the NPY Y;R and considered selective
for this subtype, e.g. [Leu®,Pro*]NPY ® or GW1229 ’, turned out to bind to the Y4R in nanomolar
range, t00.% ? In spite of different binding affinity of the endogenous ligands NPY, PYY and PP, both
receptors obviously share a similar binding mode for peptidic ligands. Hence, Y4R affinity of non-
peptidic compounds such as 5.1 appears comprehensible. Otherwise, investigations of NPY Y;R
antagonists BIBP 3226 and BIBO 3304, developed by Boehringer Ingelheim Pharma, as well as of
numerous especially monovalent argininamide-type Y;R antagonists, designed in our workgroup,
resulted in high Y;R subtype selectivity to date. So might this Y,R affinity be reserved to bivalent
ligands? To answer this question the monovalent and bivalent ligand approach was revisited, finally

leading to the identification of the first Y,;R antagonist with affinity in the nanomolar range (K =
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132 nM). The discovery of this highly potent YR ligand was only possible by stepwise identification of
structure-activity relationships as well as properties considered necessary for Y,R binding as outlined

in Figure 5.2.

Serendipitous discovery
of modest Y,R affinty of
BIBP 3226 derivatives in

selectivity studies

1 Pharmacological investigations on a selection of monovalent

and bivalent BIBP 3226 and BIBO 3304 derivatives

2 Investigations on stereodiscrimination at the Y,R compared

to the Y;R —a key to Y4R selectivity?

Synthesis of monovalent ligands, combining properties
considered important for Y4R binding after the first

investigations

Pharmacological investigations on bivalent BIBP 3226

selected according to special criteria e.g. linker length

Discovery of the first Y,R
antagonist with

submicromolar affinity

Figure 5.2: Procedure for the identification of the first Y,R antagonist with submicromolar affinity.
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5.2 Pharmacological Investigations of Argininamide-Type Y;R

Ligands for Activity at the Y,R

5.2.1  Criteria for the Selection of Appropriate Monovalent and Bivalent

Argininamide-Type Structures

In a first approach a set of monovalent and bivalent BIBP 3226 and BIBO 3304 derivatives was
investigated for Y,R affinity in flow cytometric binding studies as well as the antagonistic activity in

the aequorin assay. The synthesis of the investigated ligands was already described elsewhere. '**

The selection of monovalent argininamide-type compounds, summarized in Table 5.1, aimed at
covering a wide range of different functional groups (hydroxyl, carboxyl, amine, guanidine, ester,
pyridyl) as well as spacers different in chemical nature and length. Additionally, with respect to the
Y,4R activity of the bivalent ligand 5.1 (Figure 5.1), one may speculate if the second pharmacophoric
entity is crucial for Y4R receptor binding or if it can be replaced by a much simpler moiety such as a
guanidine group. Therefore, numerous structures bearing guanidine, amino and pyridyl moieties (5.3
-5.8,5.12,5.14 - 5.18, Table 5.1) with different spacer lengths between argininamide and functional
group were chosen. Furthermore, the structures of the spacers, comprising simple alkanediyl chains,
less hydrophobic glycol or amide substructures as well as more rigid moieties such as triazoles (5.11 —

5.14 and 5.16, Table 5.1) was varied.
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Table 5.1: Structures of (R)-configured monovalent argininamide-type ligands, which were selected for
pharmacological investigations at the NPY Y,R.
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Table 5.2 shows the structures of bivalent BIBP 3226 and BIBO 3304 derivatives, which were selected
for the determination of Y4R affinity. The essential selection criterion was the length of the linker
separating the pharmacophoric moieties (and the guanidine groups, respectively), in order to identify
possible correlations between spacer length and Y4R affinity. The influence of the basic amino group
attached to a nitrogen atom in the center of the linker on receptor binding should be analyzed, too.
Furthermore, bivalent ligands derived from BIBO 3304 in which the argininamide portion is linked via

the urea moiety (5.28 and 5.29), should be investigated.
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5.2.2  Pharmacological Results and Discussion

The selected monovalent and bivalent BIBP 3226 and BIBO 3304 derivatives were investigated in flow
cytometric binding studies for determination of Y,R affinity using CHO-hY,-qi5-mtAEQ cells. First, the
displacement of Cy5-[K*]hPP (c = 3 nM, Kp = 5.62) at concentrations of 1 and 10 uM was determined.
For compounds showing more than 50 % displacement of Cy5-[K*]hPP at 10 uM, additional data were
collected to construct competition binding curves. Results are given as K; values calculated according

4 (Table 5.3). Additionally, all compounds were investigated for

to the Cheng-Prusoff equation
functional activity at the NPY Y,R in a luminescence based Ca**-assay (aequorin assay) using the same
cell line. By analogy with the binding studies, all compounds were first screened at 10 uM for
antagonistic activity. Only for the most promising candidates IC5, values were determined. In the
following (Table 5.3), antagonistic activities are expressed as 1Cso and K; values, determined from the
concentration-dependent inhibition of the luminescence signal elicited by hPP (100 nM)." K values
were calculated according to the Cheng-Prusoff equation. Agonistic activity of the compounds was
checked for some candidates; the corresponding results are given as percentage of calcium signal
(luminescence) elicited by the compounds (10 uM) referred to the response induced by the standard
agonist hPP at a concentration of 100 nM (Table 5.3). The Y;R affinities of the studied compounds are

given as K; values determined by radioligand competition binding experiments using [’HJUR-MK114

as a YiR selective radioligand (Table 5.3)."°

Unfortunately, most of the investigated monovalent argininamides (5.2, 5.3, 5.10 — 5.14, Table 5.3)
showed neither affinity nor functional activity at the NPY Y,R. This was comparable to the results for
the parent compounds BIBP 3226 and BIBO 3304. In particular, ligands carrying a carboxyl (5.10),
hydroxyl (5.11) or simple phenyl (5.12) moiety were completely inactive. Only, compounds bearing
an amino, guanidine or pyridyl functionality in appropriate distance (> 10 atoms) to the guanidine
moiety of the building block, showed moderate affinity at high micromolar concentrations
(compounds 5.7, 5.8, 5.15 — 5.17, Table 5.3). Accordingly, these compounds displayed only low
antagonistic activities in the aequorin assay. Therefore, the determination of an ICsy value wasn’t
possible for all compounds due to cell-damaging effects at concentrations higher than 10 uM (5.4,
5.15, 5.16). For these compounds ICsq values are estimated to be in the range between 10 and 20
UM. In conclusion, the data collected for the monovalent argininamides give rise to speculate about
structural requirements for Y;R binding of BIBP 3226 derivatives bearing a basic moiety, which is
attached to the acyl- or carbamoylguanidine in a distance longer than 10 atoms with regard to the
guanidine moiety. Otherwise, in view of the investigations performed to date the structural and

chemical properties of the spacers in monovalent argininamides do not seem to play an important
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role in receptor binding. This is supported by examples 5.15, 5.16 and 5.17, which show similar

binding properties and have spacers of comparable spacer length but quite different substructures.

The screening of the bivalent BIBP 3226 and BIBO 3304 derivatives afforded more promising results.
Investigation of compounds 5.19 — 5.27 revealed substantially higher affinities than those of the
monovalent ligands, with K; values in the upper nanomolar range. The activities of the bivalent
argininamide-type ligands are more sensitive to changes of the chemical nature and length of the
linker compared to the monovalent ligands. Considering compounds 5.20 — 5.22, sharing a similar
diethyleneglycol substructure, a significant increase in affinity by a factor of 20 results from the
extension of the linker length from 11 (5.20, K; = 8210 nM) to 25 (5.22, K; = 370 nM) atoms.
Interestingly, compound 5.23 (K;= 997 nM) with very similar structural features as 5.22 (K; = 370 nM)
showed a slightly decreased (3-fold) Y,R affinity, which may be caused by exchange of the
carbamoylguanidine (5.22) by a bioisosteric acylguanidine (5.23) moiety. The superiority of the
carbamoyl- compared to the acylguanidine substructure was already reported for argininamide-type

1.** ¥ The increased affinity of

antagonists at the Y;R by Keller et al. and Brennauer et a
carbamoylguanidines in comparison with the corresponding acylguanidines at Y;R and Y4;R might be
due to slightly higher basicity, i.e. a higher percentage of positively charged molecules capable of
interacting with a key aspartate, and an additional H-donor group enabling accessory affinity-
enhancing interactions.

Surprisingly, ligand 5.26 binds to the Y4R in a similar submicromolar range (K; = 434 nM) as compound
5.22 (K; = 370 nM) in spite of a reduced linker length (17 vs. 25 atoms). The peculiarity of 5.26
compared to 5.22 is an additional free amino group placed in the center of the linker and positively
charged under physiological conditions. In contrast, a short linker with reduced flexibility — p-
phenylene and triazole moieties — as in 5.24 (19 atoms, K; = 2320 nM) seems less tolerated. A
similarly unfavorable effect (K; = 3135 nM) despite a rather long spacer (29 atoms) was observed for
5.25, which includes a triazole moiety in vicinity to the guanidine groups of the building block.
Obviously, conformational constraints in this position lead to a decrease of affinity. Compound 5.23,
which has a more flexible linker (26 atoms, glycol-substructure) compared to 5.25 (29 atoms,
triazole-phenylene substructure, K; = 3135 nM) reveals an increased K; value of 434 nM. Highest
affinity for the Y,R within the first set of tested compounds was obtained for 5.27 with a K of
287 nM. Unlike the other investigated compounds, 5.27 is a bivalent argininamide derived from BIBO
3304, which differs from BIBP 3226 by a urea moiety instead of hydroxyl group. In addition,
compound 5.27 provides the longest spacer (37 atoms) of all bivalent compounds tested to date as
well as a free amino group in the center of the linker. This basic moiety might confer additional

binding as already suggested for compound 5.26 (K; = 434 nM). By then, it seemed impossible to
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consider special structural features responsible for the increase of Y;R affinity. Interestingly, the
linkage of two BIBO 3304 building blocks via the urea moiety instead of the guanidine substructures
led to a tremendous decrease in affinity (cf. 5.28: 27 atoms, K; = 3615 nM and 5.29: 31 atoms, K, =
2176 nM) compared to the bivalent compound 5.22 (Ki = 370 nM, 25 atoms) with comparable linker
length but connection via the guanidine moieties. Taking into consideration the suggested binding
mode of the argininamides at the Y;R, where the substituted benzyl residue is supposed to be
oriented between the transmembrane domains, and assuming similar interactions at the Y,R to be
possible, obviously, the urea group is an inappropriate position to attach such an extended spacer as
in case of the Y;R. By contrast, the guanidino group of the argininamides is suggested to interact with
an acidic amino acid close to the extracellular loop regions of the NPY receptor, i. e., there should be

more space left to attach a bulky linker.

All functional studies performed with the monovalent and bivalent BIBP3226 and BIBO3304
derivatives revealed antagonistic activity in good correlation with the determined Y,R affinities

(Table 5.3).

Table 5.3: Pharmacological data for selected (R)-configured monovalent and (R,R)-configured bivalent BIBP
3226 and BIBO 3304 derivatives, investigated for NPY Y4R and Y;R binding and Y4R antagonistic activity.

hY,R hY;R
Ne- % Relative Potency’  1Cso [NM]° K [NM]° K [nM]° Ki[nM]°
BIBP 3226 79%1.6 > 10000 - > 10000 1.3+0.1
BIBO 3304 0.3+0.7 > 10000 - > 10000 0.25+0.01
5.2 14+22 > 10000 - > 10000 7.813.6
5.3 0.8+3.7 > 10000 - > 10000 43+0.3
5.4 n.d. > 10000 - 5500 £ 390 51+26
5.5 16+2.0 > 10000 - > 10000 203 +90
5.6 12+39 > 10000 - > 10000 n.d.
5.7 n.d. 7100+1700 0.95+%0.23 8200 £ 3200 7.3%+1.0
5.8 n.d. 3300+ 100 0.46+0.01 3800 + 100 96 + 11
5.9 172+26% 1100 +£200 0.28+0.41 22200 = 3500 0.94 +0.06

5.10 n.d. > 10000 - > 10000 7316
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Table 5.3 continued

hY,R hY,R

No.

% relative potency’®  1Cso [NM]° Kg [nM]* K; [nM]° ICso [NM]°
5.11 n.d. > 10000 - > 10000 2.6+0.9
5.12 n.d. > 10000 - > 10000 6.7+2.0
5.13 n.d. > 10000 - > 10000 3.1+8.9
5.14 n.d. > 10000 - > 10000 40+0.3
5.15 n.d. > 10000 - 3400 £ 1400 96 £ 28
5.16 n.d. > 10000 - 7200 =900 36+0.3
5.17 n.d. 10000 + 500 1900 + 100 90+6.0
5.18 n.d. > 10000 - > 10000 20+1.2
5.19 7.6+£2.2 732 +431 98 £ 57 1266 + 462 62+13
5.20 n.d. > 10000 - 8210+ 2810 6.1+2.7
5.21 n.d. 919+ 175 123 +23 1070 + 296 8.6+2.2
5.22 n.d. 878 £ 215 118+ 28 370+ 7.0 28+6.9
5.23 n.d. 1358 + 698 182 +93 997 £ 90 41+5
5.24 n.d. > 10000 - 2320 + 280 43 +17
5.25 n.d. 1718 +1149 230+ 154 3135 + 1460 58+17
5.26 156+1.6 542 + 86 7311 434 + 139 304
5.27 3.7+£0.3 713 £40 95+1.0 286 £ 67 230+ 24
5.28 09+1.9 > 10000 - 3615+ 784 330+95
5.29 n.d. 6737 £2956 904 £ 396 2176 £ 160 200+ 8

? [Ca®*]; mobilization determined at a concentration of 10 UM test compound (performed in triplicate) given in
% referred to the [Ca2+]i mobilization induced by the standard agonist hPP (100 nM) in CHO-hY,-qis-mtAEQ
cells. °Y,R antagonism: inhibition of 100 nM hPP induced [Ca’']; mobilization in CHO-hY,-qis-mtAEQ cells; mean
+ SEM from 2 or 3 independent experiments performed in triplicate.” Kz calculated according to the Cheng
Prusoff equation™® (c = 100 nM, ECso = 15.5 nM). 4 Flow cytometric binding assay using 3 nM Cy5-[K*]hPP (Kp =
5.6 nM) in CHO-hY,-qis-mtAEQ cells; mean + SEM from 2 or 3 independent experiments performed in triplicate.
¢ K, from radioligand binding studies, calculated according to the Cheng-Prusoff equation™* (Ko ([3H]-UR-MK114)
=1.2 nM, c = 1.5 nM) on SK-N-MC cells. "Determined by flow cytometry on HEL cells using 5 nM Cy5-pNPY (Kp =
5.2). & This value does not represent Y,R agonistic activity; instead the “calcium signal” is elicited by cytotoxic
effects comparable to those described in Chapter 4.
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5.3 Enantiomers of Argininamide Derivatives:

Stereodiscrimination at Y4R and Y;R

5.3.1 Introduction

As the bivalent Y,R antagonist 5.27, which is derived from BIBO 3304, exhibits Y4R affinity in the high
nanomolar range, this result was regarded a promising starting point for the development of the first
non-peptidic Y,R ligands. However, one had to be aware that the Y,R antagonistic properties were
more or less a side-effect of the investigated compounds, as these were initially designed as NPY Y;R
antagonists and have Y;R affinities in the lower nanomolar range as outlined in Table 5.3.

As often experienced in drug discovery, biological targets such as enzymes and receptors
discriminate between different stereochemical configurations. While one stereoisomer reveals a high
affinity for a specified biological target, the other turns out to be inactive or even less potent. In case
of argininamide-type antagonists at the Y;R, highest activity resides in the (R)-configured
enantiomers, as demonstrated, e.g., for the parent compound BIBP 3226 itself, which is at least by a
factor of 1000 more potent than its distomer, the (S)-argininamide BIBP 3435."* If no
stereodiscrimination could be observed in case of the Y4R, this could be considered a good starting
point for the synthesis of Y,R selective compounds derived from BIBP 3226 or BIBO 3304 derivatives.
Fortunately, several monovalent and bivalent BIBP 3226 derivatives were also available in the (S)-
configured form and could be tested for Y,R affinity as summarized in Table 5.4. Additionally, the
(5,5)-configured enantiomer of compound 5.27 identified as most potent bivalent Y,R antagonists in
the previous investigations, was synthesized as it was considered most promising as a “lead

structure” for the development of potent Y,4R ligands.

5.3.2  Synthesis of the Bivalent BIBO 3304 Derivative (S,S)-5.27

The bivalent ligand (S,$)-5.27 was accessible by a five step synthesis (Scheme 5.1) starting from the
preparation of the linker 5.34 by amide coupling of mono-Boc-protected N,N’-bis(2-
minoethyl)ethane-1,2-diamine (5.31) and mono-benzyl protected succinic acid (5.33), affording 5.34.
The pertinent mono-Boc-protected amine 5.30 was prepared according to a published protocol™
whereas the mono-benzyl-protected dicarboxylic acid 5.33 was obtained by refluxing succinic
anhydride in benzyl alcohol. Besides, the BIBO 3304 building block 5.35 (for synthesis cf. section 5.4)
was treated with the guanidinylating reagent 5.36 (provided by Max Keller, University of Regensburg)
in the presence of HgCl,. After Boc-deprotection in TFA (20 %) compound 5.37 was coupled with the
linker 5.34, yielding (S,S)-5.27.
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Scheme 5.1: Synthesis of the (S,S)-configured enantiomer of the bivalent ligand 5.27. Reagents and conditions:
(i) (Boc),0, DCM, -78 °C to rt, overnight; (ii) benzyl alcohol (1.2 eq), reflux, overnight; (iii) EDAC (2.2 eq), DIEA
(2.2 eq), DCM, rt, overnight; (iv) HgCl, (2 eq), EtsN (3 eq), DCM, rt, 24 h; (v) a)TBTU (2.4 eq), HOBt (2.4 eq), DIEA
(4 eq), DMF, rt, overnight; b) TFA (20 %), DCM, rt, 5 h.

5.3.3  Pharmacological Results and Discussion

The stereoisomeric monovalent and bivalent BIBP 3226 and BIBO 3304 derivatives were analyzed for
Y,R binding affinity by flow cytometry and functional activity in a luminescence based Ca**-assay

(aequorin assay) at the NPY Y,4R as described in section 5.2.1.2.

The investigation of (R)- and (S)-configured monovalent ligands (data summarized in Table 5.4)
revealed quite promising results, stimulating the search for non-peptidic selective Y4R ligands. As
expected, the (R)-enantiomers were the eutomers at the Y;R. The (R)-configured compounds 5.9, 5.7
and 5.8 showed 15 to 90 times higher Y;R affinities than the corresponding (S)-enantiomers (Table
5.4). By contrast, no discrimination of stereoisomers could be observed for the Y,;R. This tendency

was also confirmed for the bivalent BIBP 3226 derivative 5.21 as visualized in Figure 5.3.
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Figure 5.3: Y;R and YR binding properties of the (R,R)- and (S,S)-configured stereoisomer of argininamide
5.21. a) Radioligand competition binding studies of (R,R)- and (S5,5)-5.21 (K; = 9 nM vs. 1780 nM) at the YR
(displacement of [*H]-UR-MK114 at SK-N-MC cells); b) Flow cytometric competition binding studies with (R,R)-
and (5,5)-5.21 (a K; value of 1.1 uM was determined for both enantiomers) at CHO-hY,-qi5-mtAEQ cells

(displacement of Cy5-[K*]hPP).

The comparative pharmacological evaluation of the (S,S)-enantiomer of compound 5.27 at the

Y,Rrevealed nearly identical K; values for the two enantiomers (K; = 290 and 310 nM, respectively,

Table 5.4). Thus, by switching to the (S)-enantiomers the Y;R binding of argininamide-type NPY

receptor ligands listed in Table 5.4 is substantially reduced, but not — or not significantly - in favor of

Y,4R affinity.
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Table 5.4: Y,R and Y;R binding data of (R)- and (S)-configured monovalent as well as (R,R)- and (S,S)-configured
bivalent BIBP 3226 and BIBO 3304 derivatives.

§ NH,
T

o}

A

DI ®
N Hof
N N
R'= O o . R?= O o) i
OH
H

Py )Ol\ \ NH
HN” N7 X7 ZN)\\N
] Y.R Y.R
No. n X *config. b g
ICso [NM]° Ks[nM] Ki [nM]° Ki [nM]
(0]
R1/\/\)J\O/
(R)-5.9 - R 2100+3100 280+410 23000+3500 0.94 +0.06
-CH,-
(5)-5.9 - S 1100 + 200 150+30 28000 + 3300 82+7°
R1/\/o\/\o/\/NH2
(R)-5.7 - R 7100+ 1700 950+230 3800 + 100 112 + 34
_NH_
(5)-5.7 - S 3100 + 3000 420 + 40 1900 +300 5650 + 160 ©
H
R1/\/O\/\O/\/N\H/NH2
NH
(R)-5.8 - R 3400 + 100 460+10 8200+ 3200 96+11°
-NH-
(5)-5.8 - S 7200 +6000 960+810  1900+100 1505 +230°
o H
)
R%NNO\/\O/\/NYHBW
H o
(RR)-5.21 2 R 920+ 170 120 + 50 1100 + 300 9+3
-CH,-
(5,5)-5.21 2 S 970 + 400 130 + 50 1100 +100 1780+ 310
(RR)-523 5 R 1400 + 700 180 + 90 1000 + 100 41+5
-CH,-
(55)-5.23 5 S 2000+1100 270+150 1900 + 300 2540 + 90
NH

H H

2
Rzgo/\}NNN/\/N\/\NJ\/\[(Nf/\OaR
2 H H 2

(0] (6]
(R,R)-5.27 - R 720 £ 40 100+ 10 290 £ 60 230+ 24
-NH-
(S,5)-5.27 - S 1010+ 10 140+ 20 310+ 10 >10000 ©

% Inhibition of 100 nM hPP induced [Caz+]i mobilization in CHO-hY,-qi5-mtAEQ cells; mean + SEM from 2 or 3
independent experiments performed in triplicate. b Kg calculated according to the Cheng Prusoff equation (c =
100 nM, ECs = 15.5 nM). © Flow cytometric binding assay using 3 nM Cy5-[K*]hPP (Kp = 5.62 nM) in CHO-hY,-
gi5-mtAEQ cells; mean + SEM from 2 or 3 independent experiments performed in duplicate. 4 K from
radioligand binding studies, calculated by Cheng-Prusoff equation (Kp (’HJUR-MK114) = 1.2 nM, ¢ = 1.5 nM) on
SK-N-MC cells. © Determined by flow cytometry on HEL cells using 5 nM Cy5-pNPY (Kp = 5.2).
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5.4 Monovalent BIBO 3304 Derivatives with Varying N°-

Substituents

5.4.1 Introduction

The investigation of monovalent and bivalent BIBP 3226 and BIBO 3304 derivatives led to the
identification of compounds with submicromolar Y,R affinity. However, in contrast to the Y;R,
stereodiscrimination was not detected. Highest Y,R affinity resided in compounds with a spacer
length larger than 10 atoms (see results for monovalent ligands, Table 5.3). The linker should be
attached to the guanidine moiety. Substitution of the urea moiety of the BIBO derivatives 5.28 and
5.29 (Table 5.3) resulted in a substantial decrease in affinity. Furthermore, a basic moiety at a certain
distance from the crucial acylguanidine or carbamoylguandine of the BIBP 3226 or BIBO 3304
building block is favorable, as becomes obvious from the results for the monovalent ligands (cf. Table
5.3). In case of the bivalent compounds, one may speculate if an amino group in the center of the
linker is sufficient, or if the guanidine group of the second attached building block is required to play
such a role in binding. Possibly, both basic substructures are needed. To clarify the structural
requirements, monovalent argininamides were designed, connecting the BIBO 3304 building block
with a free amine group via spacers comprising amide and glycol substructures of different lengths (5
— 24 atoms). The synthesis and pharmacological results will be presented within the following

sections.

5.4.2 Chemistry

The preparation of the presented monovalent BIBO 3304 derivatives aimed at compounds of high
purity rather than at the optimization of yields and synthetic routes. Standard orthogonal protecting
groups and amide coupling protocols well known from peptide chemistry were applied. The building
block 5.35 for the synthesis of N°-carbamoylated argininamides including different spacer length was

synthesized as previously described and summarized in Scheme 5.2."

While (S)-N*-Boc-N“-Cbz-ornithine ((S)-5.40) was commercially available, the corresponding (R)-
enantiomer ((R)-5.40) was synthesized from D-ornithine (5.38) by introduction of a Boc-protection
group orthogonally to Cbz. Subsequently, the urea moiety (5.47, Scheme 5.2) was introduced to both
enantiomers using CDI as activation reagent. Boc-deprotection and acylation of the a-amino group
with succinimidyl diphenylacetate (5.49) yielded compound 5.43. Hydrogenolysis of the Cbz group in

the presence of Pd/C catalyst gave the primary amine 5.35, which was treated with the
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guanidinylation reagent 3.67 and Boc-deprotected, yielding building block 5.44. Despite severe
solubility problems after introduction of the urea moiety, the enantiomers of building block 5.44

were obtained in acceptable yields.

H,N._COOH H,N._ _COOH BocHN _+_COOH
\(L 0] (ii)
NH, NHCbz NHCbz
(R)-5.38 (R)-5.39 (R)-5.40
o]
BocHN _+_COOH (i) BocHN = A\ (Rt
H (iv)
NHCbz il 2 NHCbz
(R)-5.40, (S)-5.40 5.47 0 (R)-5.41, (S)-5.41
2 N~ R! R2 N ONTOR! , R? N R!
N ) H (vi) H
o)
NHCbz NHCbz NH,
O-N
(R)-5.42, (S)-5.42 R? (R)-5.43, (S)-5.43 (R)-5.35, (S)-5.35
O tl
5.49
. 0
R? N~ R
(vii) H /-
39 NH S gk
NS /\/NHBOC
BocHN™ "N” °N )\\ J\ ~_-NH, R2 = diphenylacetyl ©
H HNTNTON
3.67

(R)-5.44, (S)-5.44

Scheme 5.2: Synthetic route for the synthesis of the argininamide 5.44. Reagents and conditions: (i) a.) Cbz-Cl
(45 % in toluene, eq), NaOH, 0.5 N, K,CO3, CuSQy, 4 °C, 20 h, b.) titriplex IIl, H,0, 100 °C, 1 h; (ii) (Boc),0, K,COs3,
dioxane, H,0, rt, 20 h; (iii) CDI, EtzN, , DMAP, DMF, 0 °C/45 °C/rt, 20 h; (iv) AcCl, MeOH, rt, 2 h; (v) EtsN, DMAP,
DMF, rt, 20 h; (vi) 10 % Pd/C, H,, acetic acid, MeOH, 45 °C, 3 h; (vii) a) HgCl, (2 eq), Et3N, (3 eq), DMF, rt, 24 h, b)
TFA (20 %), DCM, 5 h.

The urea 5.47 was easily accessible from mono Boc-protected 1,4-bis(aminomethyl)benzene (5.46)
and potassium cyanate according to a general procedure for the synthesis of N-alkylated ureas
(Scheme 5.3). *2* Compound 5.46 was obtained from the corresponding diamine as a mixture of
mono and di-protected 1,4-bis(aminomethyl)benzene (ratio 55:45) that was used without
purification in the next step. Subsequently, the di-protected product, which remained unchanged
during conversion of 5.46 to the urea, could be separated by flash chromatography prior to the Boc-
deprotection yielding 5.47.*> 2,2-Diphenylacetic acid (5.45) was converted to 5.49 with N-

hydroxysuccinimide and DCC as coupling reagent according to standard procedures.*



From Monovalent and Bivalent Argininamide-Type NPY Y;R Ligands to Y4R Antagonists 121

. . HoN
H,N @) HoN (ii) 2 H
S — . N.__NH,
NH, NHBoc hid
o}

5.45 5.46 S.47
‘ Ny (i) O o
C
o o}
o

5.48 5.49

Scheme 5.3: Synthesis of N-(4-aminomethylbenzyl)urea (5.47) and succinimidyl 2,2-diphenylacetate (5.49).
Reagents and conditions: (i) (Boc),0, 1M ag. NaOH, dioxane, 0 °C to rt, 20 h; (ii) potassium cyanate, H,0, EtOH,
1M ag. HCl, reflux, 2h; (iii) N-hydroxysuccinimide, DCC, THF, rt, 20 h.

The amide spacers 5.52, 5.54, 5.56 and 5.59 were synthesised following standard protocols for amide

coupling adapted from peptide chemistry using EDAC as an activation reagent (in Scheme 5.4).
o)

o i H
0) N
BocHN >Nz * HOJWOB” BocHN™ > OBn

0 o}
3.35 5.33 5.50

(ii) l l(iii)
0 (iv)

N \ﬂ/\)j\ N N
BocHN H T OBn <—— H,NT NOBn BocHN™ > OH
5.

53 O 551 552 ©

| | |

(@)

(iii) o y o o
BOCHN/\)J\”/\/ NN

O 559
Scheme 5.4: Synthetic route for the preparation of the amide spacers 5.52, 5.54, 5.56 and 5.59. Reagents and
conditions: (i) EDAC (1.2 eq), HOBt (1.2 eq), DIEA (2.0 eq), DCM or DMF, rt, overnight; (ii) Pd/C, H,, MeOH, rt (iii)
TFA (50%), DCM, rt, 3 — 5 h; (iv) Boc-B-Ala-OH (1 eq), EDAC (1.2 eq), HOBt (1.2 eq), DIEA (2.0 eq), DCM or DMF
rt, overnight.
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The commercially available glycol entities for the glycol spacers were acylated with mono-benzyl-
protected succinic acid according to a common procedure. Cleavage of the benzyl ester by

hydrogenation over Pd/C catalyst afforded the building blocks 5.64 and 5.65 (Scheme 5.5)

BOCHN/\/O\/\O/\/ NH; BocHN \/\/O\/\O/\/O\/\/ NH;
5.60 ;
(i) 561 | )
5.33 5.33
H Q H 0
BocHN/\/O\/\O/\/ NNOBn BocHN\/\/O\/\O/\/O\/\/NNOBn
5.62 © 5.63 0
(if) (ii)
H 0O H (6]
BOCHN/\/O\/\O/\/ NNOH BOCHN\/\/O\/\O/\/O\/\/ N\”/\)J\OH
(6] (6]
5.64 5.65

Scheme 5.5: Preparation of the building blocks 5.64 and 5.65. Reagents and conditions: (i) EDAC (1.2 eq), HOBt
(1.2 eq), DIEA (2.0 eq), rt, overnight; (ii) Pd/C, H,, MeOH, rt, 2 -5 h.

Finally, the coupling of the spacers to the building blocks (R)-5.44 and (S)-5.44 was performed using
TBTU as activating reagent. Subsequent Boc-deprotection afforded the desired monovalent BIBO

3304 derivatives with various spacer lengths (5.66 — 5.71, Scheme 5.6).

N 1 5.52 (R)-5.66, (S)-5.66
O H/\©\/H 5.54 (R)-5.67, ()-5.67
° N\n/NH2 , 556 (i) (R)-5.68, (S)-5.68
NH °
s

o 5.59 (R)-5.69, (S)-5.69

5.64
HoN NJ\N/\/NHZ 5 65 (R)-5.70, (S)-5.70
H (R)-5.71, (S)-5.71

(R)-5.44 or (S)-5.44

Scheme 5.6: Synthesis of the monovalent BIBO 3304 derivatives 5.66 — 5.71. Reagents and conditions: (i) a)
TBTU (1.2 eq), HOBt (1.2 eq), DIEA (2.0 eq), DMF, rt, overnight; b) TFA (20 %), DCM/H,0, rt, 3 -5 h.

5.4.3 Pharmacological Results and Discussion

The monovalent BIBO 3304 derivatives were investigated for Y,R binding by flow cytometry and
functional activity in a luminescence based Ca**-assay (aequorin assay) at the NPY Y,R as described in

section 5.2.1.2. The results are summarized in Table 5.5.
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The data of the synthesized monovalent ligands 5.44 and 5.66 — 5.71 (summarized in Table 5.5) do
not confirm the working hypothesis that the combination of a BIBO 3304 building block with a basic
moiety at a certain distance of the guanidine substructure of the building block results in high affinity
NPY Y4R antagonists. Firstly, as demonstrated for several bivalent ligands, an additional amino group
placed in the center of the linkers does obviously not play a key role in Y4R binding. The monovalent
compounds 5.66 (12 atoms) and 5.70 (18 atoms), in which the distance to the additional basic group
was kept comparable to that in the tested bivalent ligands (e.g. 5.26: 11 atoms, 5.27: 18 atoms),
showed only moderate affinities in the micromolar range, whereas a K; value of 287 nM was
determined for 5.27. Secondly, monovalent ligands with longer spacers (5.69: 24 atoms, 5.72:
23 atoms), comparable to the linkers between the guanidine groups of bivalent ligands (e.g. 5.22:
24 atoms, K; = 370 nM) and therefore, in principle, capable of mimicking the two basic moieties of
twin compounds such as 5.22, had about 10-fold lower Y4R affinity. Most strikingly, the affinity of all
monovalent ligands presented in Table 5.5 is almost identical, independent from the spacer length.
One may speculate that due to the high flexibility of the spacers the basic group can always adopt a
conformation enabling binding at a similar distance, regardless of the spacer length. Possibly, with
regard to bivalent ligand 5.27 (K; = 267 nM, 37 atoms) the spacer length of the corresponding
monovalent ligands was still too short to mimic the guanidine group of the second BIBO 3304
building block.

These results suggest that the monovalent ligands described in this chapter do not fulfill the
structural requirements for effective Y;R binding. Obviously, the second pharmacophoric entity is
much more involved in Y,4R binding than assumed on the basis of the previous data. Furthermore,
interactions of the second argininamide could induce conformations of the linker which are more
favorable for Y4R binding. Therefore, the synthesis of monovalent derivatives with further elongated
spacers would most probably not result in improved affinity. Instead, conformationally constrained
spacers and more bulky basic moieties might be useful to further explore the structure-activity

relationships of Y,R preferring argininamides.
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Table 5.5: Structures, Y,R antagonistic activities as well as Y,R and Y;R binding data of the monovalent ligands

with varying spacer length (compounds 5.44 and 5.66-5.71).

H
HZNJ\\NJ\H/\/N\/
YiR Y:R
No. spacer® N - y
Ki [nM] ICs0 [nM] Ki[nM]
R-H
(S)-5.44 5 3850+ 1510 > 10000 inactive
R)W \/\NHQ
(@)
(5)-5.66 12 4060 + 760 > 10000 inactive
(R)-5.66 12 15350 + 5590 n.d. 1000
(@) H O
R)WN\/\NJI\/\NHQ
o H
(5)-5.67 16 3250+ 50 > 10000 inactive
(R)-5.67 16 15330 + 8440 n.d. 600
R)l\/\“/ \/\NM \/\NHZ
0 H o
(5)-5.68 20 6400 + 590 > 10000 inactive
(R)-5.68 20 5880 + 2140 n.d. 4400
(@)
H H
R)WN\/\NJWN\/\NJ\/\NHZ
o H o H
(5)-5.69 24 3520+ 820 > 10000 inactive
(R)-5.69 24 13700 £ 9760 n.d. 6000
Q H
R)l\/\IrN\/\o/\/O\/\NHZ
(@)
(5)-5.70 18 3220+ 1630 > 10000 inactive
(R)-5.70 18 > 10000 n.d. 300
o H
RJ\/\WN\/\/O\/\O/\/O\/\/NFE
(@)
(s)-5.71 23 3660 + 1240 > 10000 inactive
(R)-5.71 23 > 10000 n.d. 500

? humber of atoms which contribute to spacer length. ” Inhibition of 100 nM hPP induced [Ca’'] mobilization in
CHO-hY,-qi5-mtAEQ cells; mean + SEM from 2 or 3 independent experiments performed in triplicate © Flow
cytometric binding assay using 3 nM cy5-[K*]hPP (K = 5.62 nM) in CHO-hY,-qis-mtAEQ cells; mean + SEM from
2 or 3 independent experiments performed in duplicate.d Dissociation constant of [’HJUR-MK114 (Kp = 2.9 nM,

¢ = 2.5 nM) on MCF-7-Y; cells; estimated by logit-log-plot.
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5.5 Pharmacological Investigations on Bivalent BIBP 3326

Derivatives as Lead Structures for the NPY Y4R Research

5.5.1  Criteria for the Selection of Investigated Structures

Based on the previous results and the structural features preferred by the Y4R a set of new bivalent
ligands (5.72 — 5.82, Table 5.6) was selected for further pharmacological investigations.

In this test series the focus was on bivalent BIBP 3226 derivatives as all investigated monovalent
argininamide-type ligands showed only low YR affinities. As the substitution of the urea moiety led
to a substantial decrease in affinity, the focus lay on bivalent compounds where the linker was
attached to the guanidine group of BIBP 3226 or BIBO 3304. Additionally, spacers of more than
29 atoms in length were chosen as compounds with longer linkers resulted in an increase of Y,R
binding and led to the identification of (R,R)-5.27, a bivalent ligand with submicromolar Y,R affinity
(K; = 287 nM, 37 atoms). Furthermore, compounds providing an additional amino group placed in the
middle as well as diverse substructures were selected to further explore the structure-activity
relationships with respect to optimization of the chemical nature of the linker. The linkers were
composed of simple alkyl chains (5.72 — 5.75), glycol derivatives (5.76, 5.78) or p-phenylene moieties
(5.80, 5.81) to investigate the impact of rigidization of the linker on Y4R binding, either. Additionally,
the propionamide analogyl substitution of the central free amino group (5.81) of 5.80, was
investigated to verify if a basic amino group in central position of the molecule effectively contributes
to receptor binding at all. Furthermore, Y4R affinity of a bivalent ligand composed of two different
argininamide-type pharmacophoric groups, namely a BIBP 3226 entity a BIIE 0246 moiety, which is

known for high affinity at the Y,R, was determined.
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Table 5.6: Structures and linker lengths of (R,R)-configured bivalent argininamide-type ligands investigated at the NPY Y,R
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5.5.2  Pharmacological Results and Discussion

The stereoisomeric bivalent BIBP 3226 and BIBO 3304 derivatives were analyzed for Y,4R affinity in
flow cytometric binding studies and for functional activity in a Ca**-mobilization assay (aequorin

assay) as described in section 5.2.2.1 and were summarized in Table 5.7.

With respect to the raised question if the linker length goes along with improved receptor binding
the obtained results, in principle, support this hypothesis. For instance compound 5.80 (K;= 132 nM,
41 atom spacer) is superior to 5.72 (K; = 470 nM, 29 atom spacer) and 5.21 (K;= 1070 nM, 20 atom
spacer, Table 5.3). In addition, the chemical nature of the spacer seems to have an impact on
receptor binding. This becomes obvious from compounds 5.74 (K;= 267 nM), 5.75 (K; = 549 nM) and
5.76 (K;= 1520 nM), which share the same linker length (33 atoms), but differ in their Y,R affinities by
a factor of two (5.75) or even five (5.76) related to 5.74. Apparently, a long and flexible alkyl chain (6
atoms) in the vicinity to the carbamoylguanidine moiety combined with a more rigid structure in the
middle of the linker obtained by introduction of several amide groups as in case of 5.74 (Ki= 267 nM)
is preferred over shorter alkyl chains located at various position within the linker (5.76, K; = 1520 nM)
or a glycol derived linker (5.77, K; = 391 nM). In case of compound 5.77 the decrease in affinity may
also be attributed to the replacement of the carbamoylguanidine by an acylguanidine substructure.
Previous investigations have always demonstrated a higher activity of carbamoylguanidines (cf.
section 5.2.2). The contribution of the linker to receptor binding becomes most obvious from 5.79
and 5.80. Compound 5.79 (K; = 214 nM), which shares equal spacer length (33 atoms) with 5.74 (K; =
267 nM) and 5.75 (K; = 549 nM) but contains a more rigid phenylene moiety, showed a further
slightly increased receptor binding. Highest NPY Y,R affinity was finally obtained for compound 5.80,
combining a very long spacer (41 atoms, K; = 132 nM) with phenylene moieties as rigid structural
elements, possibly favoring a conformation that results in improved Y,;R binding. In contrast, the
acylation of the free amino group placed in the center of the linker (5.81, K; = 409 nM) didn’t affect
the Y,4R binding that much. The decrease in affinity amounted to a factor of three compared to the
non-acylated analogue 5.80 (K; = 132 nM). Surprisingly, the replacement of one BIBP 3226 building
block by the argininamide derivative BIIE 0246 — a highly potent Y,R antagonist — led to a decrease in
affinity (5.82, K; = 1135 nM) by only a factor of four compared to the structurally closely related
homobivalent BIBP 3226 derivative 5.74 (K;= 267 nM). This raises questions about the contribution of
the second pharmacophoric group in bivalent ligands to Y4R binding, although highest affinities were
determined for twin compounds. A preference for the BIBP 3226 versus the BIBO 3304 building block
was not detectable (cf. 5.27: K; = 287 nM, vs. 5.77: K; = 391 nM).
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Table 5.7: Pharmacological data of selected (R)-configured monovalent and (R,R)-configured bivalent BIBP 3226
and BIBO 3304 derivatives determined for NPY Y,R and Y;R binding and Y,R antagonistic activity.

hY,R hY;R
No.
% Relative Potency®  ICso [NM]° Ks [nM]° K; [nM]° K; [nM]°
BIBP 3226 79+16 > 10000 - > 10000 1.320.1
BIBO 3304 0.3+0.7 > 10000 - > 10000 0.25+0.01
5.27 3.7+0.3 713 40 95+1.0 286 + 67 230 + 24
5.72 n.d. 235 + 67 31+£0.9 469 + 10 47+7
5.73 n.d. 372+17 50+0.2 574 16 13+0.1
5.74 n.d. 247 £59 33+1.0 267 +117 40+0.1
5.75 162+7.1 23721 32+0.3 549 + 89 42+1
5.76 n.d. 3565 + 290 478 + 39 1520 + 480 12+0.1
5.77 n.d. 302 +£20 41%0.3 39135 25+2
5.78 n.d. 249 £ 57 33+0.7 290 £ 53 28+2
5.79 n.d. 254 + 24 34+0.3 214 +75 53+13
5.80 n.d. 146 + 60 20+0.7 132+7 24+1
5.81 n.d. 2696 36+0.1 409 + 90 64+1
5.82 n.d. 534 + 33 72+0.4 1135 + 489 160 + 19

? [Ca®*]; mobilization observed at conc. of 10 pM test compound (performed in triplicate) given in % referred to
the [Ca2+]i mobilization of the standard hPP (100 nM) in CHO-hY,-qis-mtAEQ cells. ® Inhibition of 100 nM hPP
induced [Ca2+]i mobilization in CHO-hY,-qis-mtAEQ cells; mean + SEM from 2 or 3 independent experiments
performed in triplicate. ¢ K; calculated according to the Cheng Prusoff equation™® (c = 100 nM, ECs = 15.5 nM).
? Flow cytometric binding assay using 3 nM cy5—[K4]hPP (Ko = 5.6 nM) in CHO-hY,-qis-mtAEQ cells; mean + SEM
from 2 or 3 independent experiments performed in triplicate. ® K; from radioligand binding studies, calculated
by Cheng-Prusoff equation™® (K, ([*H]-UR-MK114) = 1.2 nM, ¢ = 1.5 nM) on SK-N-MC cells.

5.6 Summary and Outlook

Among the bivalent ligands having quite extended linkers containing different structural elements
(glycol derivatives, polymethylene, phenylene substructures), compound 5.80 was identified as the
most potent Y,R antagonist known so far (K; = 132 nM). An additional basic moiety placed in the
center of the linker of most investigated bivalent compounds is not essential. This was clarified by N-

propionylation of this central basic position (cf. compound 5.81), resulting in only a minor (3-fold)
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decrease in affinity. Obviously, the free amino group contributes only marginally to Y4R binding. This
suggests that equipotent monovalent ligands might be obtained by further elongation of the spacer
to mimic the second guanidine group of the bivalent ligands. However, considering the high flexibility
of such spacers this strategy would most probably fail due to unfavorable entropic contributions.
First investigations on monovalent ligands support this theory. All synthesized (S) and (R)-configured
monovalent compounds showed only moderate Y4R affinity independent from the linker. In fact, the
bivalent structure seems preferred due to its higher stabilization most likely attributed to the second
attached building block. Additionally, other functional groups present in the second argininamide
portion may also be involved in receptor binding. There was no preference for BIBO 3304 or BIBP
3226 moieties detected. Even the replacement of the second pharmacophoric group by different
argininamide-type building block (cf. BIIE0246) was tolerated.

Moreover, investigations of the enantiomer, (S,5)-5.27 together with other revealed lack of
stereodiscrimination at the Y,R. However, this could be advantageous with respect to NPY receptor

subtype selectivity as the YR clearly prefers (R)-configured compounds.

Indeed, most striking in terms of structure-activity relationships is the fact that linker elongation in
bivalent ligands goes along with an increase in affinity. In particular, compounds with a linker length
of 37 atoms showed a further increase in affinity compared to shorter analogs. This finding is
reminiscent of the structural properties of the C-terminal part of hPP, the endogenous ligand of the
NPY Y,R, which holds a distance of 37 atoms between the guanidine groups of Arg® and Arg®. In case
of the high affinity bivalent ligand 5.80 the spacer comprising 41 atoms spacer seemes, at first glance,
a bit too long compared to the C-terminus of hPP. However, the conformational constraints achieved
through the introduction of phenylene moieties appear to be advantageous. As demonstrated in
Figure 5.4 this less flexible structure contains structural similarities to the amide backbone of the C-

terminal part of hPP.
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Figure 5.4: Comparison of the C-terminal fragment of hPP with the structure of the NPY Y,R antagonist 5.36,
suggesting that comparable distances between the guanidine moieties are possible.

In conclusion, the discovery of the first potent Y,;R antagonist combined with the results of the
stereochemical investigations and the first studies on structure-activity relationships can be
considered a good starting point for the design of new NPY Y,R ligands with improved affinity. The
bivalent BIBP 3226 derivative (5.80) represents a lead structure leaving a wide range of options for
optimization. The investigations on the impact of length and chemical nature of the linker revealed
that rigidification of the central part of the spacer has a positive effect on Y,R affinity, whereas
conformational constraints in vicinity of the guanidine groups are less tolerated. Furthermore, due to
lack of stereodiscrimination, the switch to achiral compounds is an obvious approach. Additionally,
more detailed investigations on the functional groups present in the building blocks could be
performed, using for example the amino acids in the vicinity to the arginine residues in hPP as
models. Special attention should be paid to the identification and elimination of non-required
structural elements to reduce of the molecular weight of the Y,R ligands and to leave more options

for structural modifications.
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5.7 Experimental Section

5.7.1  Chemistry

5.7.1.1 General Conditions

See section 3.3.1.1

Nuclear Magnetic Resonance spectra (*H-NMR and *C-NMR) were recorded with a Bruker Avance
300 (*H: 300.1 MHz, *C: 75.5 MHz) or a Bruker Avance 600 (*H: 600.1 MHz, **C: 150.9 MHz) NMR
spectrometer (Bruker BioSpin GmbH, Rheinstetten, Germany). Chemical shifts are given in & (ppm)
relative to external standards. Abbreviations for the multiplicities of the signals are specified as
follows: s (singlet), d (doublet), t (triplet), q (quartet), quin (quintet), m (multiplet), bs (broad
singulet) and combinations thereof. The multiplicity of carbon atoms (**C-NMR) was determined by
DEPT 135 (distortionless enhancement by polarization transfer): “+” primary and tertiary carbon
atom (positive DEPT) signal, “-“ secondary carbon atom (negative DEPT signal), “Cquat” quaternary
carbon atom. In certain cases 2D-NMR techniques (COSY, HMQC, HSQC, HMBC) were used to assign
'H and C chemical shifts

Preparative HPLC was performed with a system from Knauer (Berlin, Germany) consisting of two K-
1800 pumps, a K-2001 detector and a RP-column (Gemini-NX C18, 250 x 21 mm, 5 um, AXIA Packed,
Phenomenex, Aschaffenburg, Germany) at a flow rate 18 mL/min. Mixtures of acetonitrile and 0.1 %
aq. TFA were used as mobile phase. Acetonitrile was removed from the eluates under reduced
pressure prior to lyophilisation. Analytical HPLC analysis was performed with a Gemini-NX C18 (250 x
4.6 mm, 5 um, 110 A, Phenomenex, Aschaffenburg, Germany) on a Merck Hitachi system composed
of a L-6200-A pump, a AS-2000A autosampler, a L-4000A UV-VIS detector and a F-1050 fluorescence
spectrophotometer (flow rate: 0.8 mL/min; UV detection 220 nm). Acetonitrile (A) and 0.05 % TFA (B)

was used as mobile phase. Helium degassing was used throughout.

5.7.2  Preparation of (S)-Configured Bivalent Compound (S,S)-5.27

N-Boc-nitrilotriethanamine (5.31)"

A solution of (Boc),0 (1.50 g, 6.9 mmol, 1 eq) in DCM (300 mL) was added dropwise to a cooled
solution (- 78 °C) of nitrilotriethanamine 5.30 (10.0 g, 68.7 mmol, 10 eq) over a period of 2 h. The
mixture was allowed to warm up to ambient temperature and stirring was continued overnight. The
solvent was removed under reduced pressure and the product was isolated by column

chromatography (DCM/MeOH/NH3 90/9/1 — 80/19/1) yielding a yellow oil (1.24 g. 73 %). '*H-NMR
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(300 MHz, CD;0D): & (ppm) 1.39 (s, 9H, C(CHs)s), 2.44 — 2.53 (m, 6H, N-CH,), 2.71 (t, °J = 6.0 Hz, 4H,
CH,-NH,), 3.08 — 3.22 (m, 2H, N-CH,-CH,-NHBoc); MS (ESI, MeCN/0.1 % FA) m/z (%): 247 [M +H]".
C11H25N402 (24635)

4-Benzyloxy-4-oxobutanoic acid (5.33)*

Succinic anhydride 5.32 (5.00 g, 50.0 mmol, 1 eq) was treated with benzyl alcohol (6.24 mL,
60.0 mmol, 1.2 eq) at 60 °C overnight. The reaction mixture was subjected to flash chromatography
(DCM/MeOH 100/0 — 95/5) yielding 5.33 as a white solid (7.48 g, 72 %). *H-NMR (300 MHz, CDCls): &
(ppm) 2.62 — 2.70 (m, 4H, CH,-CH,), 5.15 (s, 2H, Ph-CH,), 7.20 — 7.42 (m, 5H, Ph-H); *C-NMR (75 MHz,
CDCl3): 6 (ppm) 28.89 (-, CH,), 28.95 (-, CH,), 66.69 (-, Ph-CH,), 128.24 (+, 2 Ph-C), 128.33 (+, Ph-C-4),
128.61 (+, 2 Ph-C), 135.69 (Cquat, Ph-C-1), 172.02 (Cqyar, COOH), 178.40 (Cquat, €=0). MS (EI, 70 eV) m/z
(%): 208.1 (10) [M]", 108.1 (100) [Ph-CH,-OH]*". C1,H;,04 (208.21).

8-[2-(3-Carboxypropanamido)ethyl]-2,2-dimethyl-4,12-dioxo-3-o0xa-5,8,11-triazapentadecan-15-oic
acid (5.34)

Compound 5.33 (0.69 g, 3.3 mmol, 2.2 eq), EDAC (0.63 g, 3.3 mmol, 2.2 eq), and DIEA (0.58 mL,
3.3 mmol, 2.2 eq) were dissolved in DCM,,; under argon atmosphere and stirred for 20 min at room
temperature., A solution of the 5.31 (0.37 g, 1.5 mmol, 1 eq) in DCM,,s was added and the mixture
stirred overnight. After removal of the solvent under reduced pressure, the crude product was
dissolved in EtOAc and washed with water. The organic phase was then dried over MgSO, and
concentrated in vacuo. Purification by flash chromatography (DCM/MeOH 100/0 — 95/5) afforded the
intermediate as a pale yellow which was dissolved in MeOH (50 mL). A 10 % Pd/C catalyst (45 mg)
was added and hydrogen was led through the vigorously stirred mixture at room temperature for 3 h
(control by TLC). The catalyst was removed by filtration over Celite and the solvent was removed
under reduced pressure yielding 5.34 as pale yellow oil (0.31 g, 97 %). "H-NMR (300 MHz, CD;0D):
& (ppm) 1.43 (s, 9H, C(CHs)3), 2.50 (t, °J = 6.2 Hz, 4H, CO-CH,), 2.58 (t, °J = 6.3 Hz, 4H, CO-CH,), 2.65 —
2.80 (m, 6H, N-CH,), 3.26 — 3.33 (m, overlap with solvent, 4H, CH,-NH-CO); **C-NMR (75 MHz,
CD3;0D): & (ppm) 28.85 (+, C(CHs)3), 29.19 (-, 2 CH,-CO), 29.24 (-, 2 CH,-CO), 38.10 (-, CH,-NH), 38.55
(-, 2 CHy-NH) 52.90 (-, CH,-N), 54.37 (-, 2 CH>-N) 80.19 (Cquat, C(CH3)3), 174.96 (Cquat, 2 €=0)180.31
(Cquats 2 COOH). MS (ESI, MeCN/0.1 % FA) m/z (%): 447 (100) [M+H]*. C1oH3,N,O5 (446.50).

(S)-1-Amino-17-(2,2-diphenylacetamido)-12-imino-10-oxo-N-[4-(ureidomethyl)benzyl]-3,6-dioxa-
9,11,13-triazaoctadecan-18-amide (5.37)

BIBO 3304 building block 5.35 (0.21 g, 0.43 mmol, 1 eq), the guanidinylating reagent 5.36 (0.20 g,
0.43 mmol, 1 eq) and HgCl, (0.23 g, 6.50 mmol, 2 eq) were dissolved in anhydrous DCM. Et;N
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(0.23 uL, 1.29 mmol, 3 eq) was added and the mixture was stirred for 24 h at ambient temperature.
Subsequently, EtOAc was added and the precipitate filtered over Celite. Purification by flash
chromatography (DCM/MeOH 100/1 — 90/10 v/v) afforded the intermediate as white solid. Boc-
deprotection with 5 mL TFA (20 % in DCM) followed by lyophilisation yielded 5.37 as a white solid
(0.28 g, 92 %). "H-NMR (300 MHz, CD;0D): & (ppm) 1.46 — 1.62 (m, 1H, CH-CH,-CH,), 1.65 — 1.76 (m,
1H, CH-CH,-CH,), 1.77 — 1.93 (m, 1H, CH-CH,-CH,), 3.09 (t, *J = 4.8 Hz, 2H, CH,-NH,), 3.16 — 3.23 (m,
2H, 2x CH-(CH,),-CH,-NH), 3.39 (t, %/ = 5.7 Hz, 2H, NH-CO-CH,-CH,-0), 3.58 (t, >/ = 5.7 Hz, 2H, CO-NH-
CO-CH,-CH,-0), 3.62 — 3.671 (m, 6H, O-CH,-CH,-0+0-CH,-CH,-NH,), 4.26 (s, 2H, Ar-CH,-NH-CO-NH,),
4.27 — 4.39 (m, 2H, Ar-CH,-NH), 4.40 — 4.45 (m, 1H, CH-CH,-CH,), 5.07 (s, 1H, (Ph),-CH), 7.17 — 7.22
(m, 4H, CH,-C¢H4-CH,), 7.23 — 7.33 (m, 10 H, Ph-H); *C-NMR (150 MHz, CD;0D, HSQC): & (ppm) 25.71
(CH-CH,-CH,), 30.25 (CH-CH,-CH,), 40.57 (CO-NH-CH,-CH,-0), 40.64 (O-CH,-CH,-NH,), 41.70 ((CH,),-
CH,-NH-), 43.79 (NH-CH,-Ar), 44.31 (Ar-CH,-NH-CO-NH,), 54.33 (CH-CH,-CH,), 58.68 ((Ph),-CH), 67.87
(O-CH,-CH,-NH,), 70.54 (CO-NH-CH,-CH,-0), 71.35 (O-CH,), 71.36 (O-CH,), 128.13 (diPh-C-4), 128.22
(diPh-C-4), 128.35 (2 Ph-C), 128.65 (2 Ph-C), 129.50 (2 diPh-C), 129.55 (2 diPh-C), 129.86 (2 diPh-C),
129.90 (2 diPh-C), 138.40 (Ph-C-1), 140.84 (Ph-C-4), 140.96 (2 diPh-C-1), 155.71 (NH-CO-NH), 162.12
(Ar-CH,-NH-CO-NH,), 173.54 (CO-NH-CH,-Ar), 174.84 ((Ph),-CH-CO); MS (ESI, MeCN/0.1 % FA) m/z
(%): 704 (100) [M+H]" . C4sHsoN110g - 2TFA (1074.03).

N'-[(5)-29-(2-Aminoethyl)-4-(2,2-diphenylacetamido)-9-imino-3,11,22,25-tetraoxo-1-(4-
(ureidomethyl)phenyl)—15,18-dioxa-2,8,10,12,21,26,29-heptaazahentriacontan-31-yI]-N4-{(S)-4-(2,2-
diphenylacetamido)-9-imino-3,11-dioxo-1-[4-(ureidomethyl)phenyl]-15,18-dioxa-2,8,10,12-
tetraazaicosan-20-yl}succinamide ((S,$)-5.27)

Compound 5.34 (55 mg, 0.130 mmol, 1 eq), TBTU (1.2 eq), HOBt-monohydrate (50 mg, 0.156 mmol,
1.2 eq) and DIEA (68 uL, 0.390 mmol, 2.0 eq) were dissolved in DMF,,s under argon atmosphere and
stirred for 20 min at room temperature. To this mixture a solution 5.37 (80 mg, 0.130 mmol, 1 eq) in
DMF,,s was added and stirred overnight. After removal of the solvent under reduced pressure, the
crude product was taken up in EtOAc and washed with water. The organic phase was then dried over
MgSO, and concentrated in vacuo. Subsequently, the Boc-protection group was removed with 50 %
TFA. Therefore the residue was dissolved in DCM. TFA (50% final concentration) was added and the
reaction mixture was stirred until the protection groups were removed (3 — 5 h, TLC control). After
removal of the solvent in vacuo, the crude product was purified by preparative RP-HPLC (column:
Gemini-NX C18, 250 x 21 mm, 5 um, AXIA Packed; flow: 18 mL/min; gradient: A/B 10/90 to 60/40 in
30 min). Acetonitrile was removed under reduced pressure from the eluate. Lyophilisation afforded
the product as a white solid (18 mg, 16 %). *H-NMR (600 MHz, CD;0D, COSY, HSQC): & (ppm) 1.46 —
1.63 (m, 2H, CH-CH,-CH,), 1.66 — 1.76 (m, 1H, CH-CH,-CH,), 1.79 — 1.88 (m, 1H, CH-CH,-CH,), 2.45 (t,
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3/ = 6.6 Hz 4H, CO-CH,), 2.52 (t, >J = 6.6 Hz, 4H, CO-CH,), 2.70 — 2.92 (bm, 4H, CH,-N-CH, ), 2.94 —
3.14 (m, 4H, CH,-CH,-NH,), 3.16 — 3.25 (m, 4H, CH-(CH,),-CH,-NH), 3.30 — 3.35 (m, overlap with
solvent, 8H, 4x CH,-NH-CO), 3.38 (t, >J = 5.0 Hz, 4H, 2x NH-CO-NH-CH,-CH,-C0O), 3.51 (t, °J = 6.1 Hz,
4H, 2x 0-CH,-CH,-NH), 3.56 (t, =51 Hz, 4H, 2x O-CH,-CH,-NH-CO-NH), 3.58 — 3.65 (m, 8H, 2x O-
(CH,),-0) 4.26 (s, 4H, Ar-CH,-NH-CO-NH,), 4.26 — 4.38 (m, 4H, Ar-CH,-NH), 4.40 — 4.45 (m, 2H, CH-
CH,-CH,), 5.08 (s, 2H, (Ph),-CH), 7.17 — 7.22 (m, 8H, CH,-C¢H4-CH,), 7.23 — 7.33 (m, 10 H, Ph-H); *C-
NMR (150 MHz, CDs0D, HSQC): & (ppm) 25.75 (2x CH-CH,-CH,), 30.26 (2x CH-CH,-CH,), 31.51 (2x CO-
(CH;),-C0O), 31.87 (2x CO-CH,;), 37.73 (CH,-NH,), 40.46 (2x CH,-NH-CO), 40.64 (2x NH-CO-NH-CH,-CH,-
CO), 41.73 ((CH,),-CH,-NH-), 43.79 (NH-CH,-Ar), 44.31 (Ar-CH,-NH-CO-NH,), 52.20 (CH,-N), 54.40 (CH-
CH,-CH,), 58.66 ((Ph),-CH), 70.46 (O-CH,-CH,-NH-CO-NH), 70.62 (O-CH,-CH,-NH), 71.31 (O-(CH,),-0),
71.34 (0-(CH,),-0), 128.16 (diPh-C-4), 128.25 (diPh-C-4), 128.31 (4 Ph-C), 128.64 (4 Ph-C), 129.52 (4
diPh-C), 129.58 (4 diPh-C), 129.88 (4 diPh-C), 129.91 (4 diPh-C), 138.42 (Ph-C-1), 140.86 (Ph-C-4),
140.96 (2 diPh-C-1), 155.57 (NH-CNH,-NH), 155.63 (NH-CO-NH), 162.13 (Ar-CH,-NH-CO-NH,), 173.58
(CO-NH-CH,-Ar), 174.85 ((Ph),-CH-CO), 174.89 (€=0); anal. RP-HPLC: 97 % (t = 14.45 min, k' = 3.74);
HRMS (ESI): m/z calcd. for [CeeH120N22016+2H]** 859.4699, found: 859.4701.5194. CggH120N»,016 - 3TFA
(2060.07).

5.7.2.1 Synthesis of the (R)- and (S)-Argininamide-Type Building Blocks (R)- and (S)-5.44

(R)-N°-Benzyloxycarbonylornithine (5.39)%

Benzyloxycarbonyl chloride (45 % in toluene, 43.1 mL, 116.0 mmol, 1.1 eq) was added to an ice-cold
solution of D-ornithine hydrochloride 5.38, potassium carbonate (14.5 g, 105.0 mmol, 1.0 eq) and
copper(ll)sulfate pentahydrate (13.11 g, 52.5 mmol, 0.5 eq) in aqueous NaOH (0.5 N, 210 mL,
105 mmol, 1eq) over a period of 15 min. The ice-bath was removed and the reaction was stirred at rt
overnight. The resulting solid was filtered off, washed twice with ice-cold water (50 mL), ice-cold
MeOH (50 mL) and water (50 mL) again. Lyophilisation yielded a blue-violet powder which was
suspended together with Titriplex Ill (19.6 g, 52.53 mmol, 0.5 eq) in water (175 mL) under vigorous
stirring and heated to 100 °C for 60 min. The solid was separated after cooling to 0 °C, washed with
ice-cold water (3 x 40 mL) and dried in vacuo. Compound 5.39 was obtained as a white solid (23.5 g,
84 %). "H-NMR (300 MHz, DMSO-ds): & (ppm) 1.35 — 1.83 (m, 4H, CH-CH2-CHz), 2.89 — 3.07 (m, 2H,
CH2-NH), 3.09 — 3.13 (m, 1H, CH%), 5.0 (s, 2H, Ph-CH,), 7.16 — 7.52 (m, 5H, Ph-H); MS (ESI, MeCN/0.1
% FA) m/z (%): 267 (100) [M+H]", 533 (70) [2M+H]"; Cy13H1sN,04 (266.3).
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(R)-N®-Benzyloxycarbonyl-N°-(tert-butoxycarbonyl)ornithine (5.40)*> %

The Cbz-protected D-ornithine 5.39 (25.5 g, 96.1 mmol, 1.0 eq) was suspended in an aqueous
solution (290 mL) of potassium carbonate (14.6 g, 105 mmol, 1.1 eq) prior to the addition of 1,4-
dioxane (120 mL). Subsequently, di-tert-butyl dicarbonate (21.9 g, 100.4 mmol, 1.05 eq) dissolved in
1,4-dioxane (230 mL) was added dropwise over a period of 60 min and the reaction mixture was
stirred at room temperature overnight. After concentrating the solvent under reduced pressure to a
volume of about 150 mL, water (60 mL) was added and the pH was adjusted to 2 — 3 with 1 M agq.
hydrochloric acid (about 170 mL). The product was extracted with ethyl acetate (3 x 300 mL) and the
combined organic phases were treated with 10 mM aq. hydrochloric acid (100 mL), saturated ag.
NHa4Cl (200 mL), water (100 mL) as well as brine (250 mL) prior to drying over MgSQO,. The solvent was
evaporated and the residue dried in vacuo. The crude product was obtained as a yellowish hard foam
(28.4 g, 81 %). *H-NMR (300 MHz, DMSO-d¢): 6 (ppm) 1.38 (s, 9H, C(CHs)s), 1.39 — 1.59 (m, 3H, CH-
CH,-CH,), 1.60 — 1.76 (m, 1H, CH-CH,-CH,), 2.92 — 3.04 (m, 2H, CH,-NH), 3.77 — 3.87 (m, 1H, CH®), 5.0
(s, 2H, Ph-CH,), 7.07 (d, % = 8.0 Hz, 1H, CO-NH-CH), 7.25 (t, °J = 5.5 Hz, 1H, CO-NH-CH,), 7.34 (m, 5H,
Ph-H), 12.44 (s, 1H, COOH); *C-NMR (75 MHz, DMSO-d¢): & (ppm) 26.08 (-, CH-(CH,),), 28.03 (-, CH-
(CH,),), 28.09 (+, C(CH3)s), 39.80 (-, CH,-NH), 53.07 (+, CH-(CH,),), 65.00 (-, Ph-CH,), 77.85 (Cquat,
C(CHs)s), 127.59 (+, 2 Ph-C), 127.63 (+, Ph-C-4), 128.24 (+, 2 Ph-C), 137.16 (Cquat, Ph-C-1), 155.47 (Cquat,
C=0), 155.98 (Cqyar, €=0). MS (ESI, MeCN/0.1 % FA) m/z (%): 367 (50) [M+H]", 733 (100) [2M+H]".
CigH2sN,06 (366.41).

General procedure for the synthesis of (R)- and (S)-N°-Benzyloxycarbonyl-N*-tert-butoxycarbonyl-
N-(4-ureidomethylbenzyl)ornithinamide (5.41)

Compound (R)-5.40 or (S)-5.40 (1 eq) was activated with carbonyldiimidazole (1.1 eq) in DMF at 0 °C
for 60 min. EtsN (1.5 eq), DMAP (0.5 eq) and 5.47 (eq) in DMF were added as suspension. The
mixture was slowly warmed up to 45 °C yielding an almost clear solution. After 30 min, heating was
finished and the mixture was stirred at rt overnight. The next day, glacial acetic acid (2 mL, about
1.5 eq) was added and DMF was removed under reduced pressure yielding an oily residue which was

dried in vacuo followed by purification with flash chromatography (DCM/MeQOH 90/10).

(S)-N°-Benzyloxycarbonyl-N*-tert-butoxycarbonyl-N-(4-ureido-methylbenzyl)ornithinamide ((S)-
5.41)

The title compound was prepared from (S)-5.40 (5.00 g, 16.7 mmol) and CDI (2.43 g, 15.0 mmol) in
80 mL DMF and 5.47 (2.94 g, 13.7 mmol), DMAP (0.83 g, 6.8 mmol) and EtsN (2.88 mL, 20.5 mmol) in
250 mL DMF. Purification by flash chromatography yielded ($)-5.41 as yellowish hard solid (6.53 g,
91 %). *H-NMR (300 MHz, CD;0D): & (ppm) 1.43 (s, 9H, C(CHs)3), 1.47 — 1.67 (m, 3H, CH-CH,-CH,),
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1.68 — 1.84 (m, 1H, CH-CH,-CH,), 3.05 — 3.17 (m, 2H, CH,-CH,-NH), 3.99 — 4.09 (m, 1H, CH®), 4.25 (s,
2H, CH,-NH-CO-NH,), 4.27 — 4.42 (m, 2H, Ar-CH,-NH), 5.04 (s, 2H, Ph-CH,), 7.19 — 7.24 (m, 4H, CH,-
CeH4-CH,), 7.26 — 7.38 (m, 5H, Ph-H); *C-NMR (75 MHz, DMSO-dg): & (ppm) 27.44 (-, CH-(CH,),), 28.78
(+, C(CHs)s), 30.72 (-, CH-(CH,),), 41.42 (-, CH,-NH), 43.76 (-, Ar-CH,-NH), 44.45 (Ar-CH,-NH), 55.98 (+,
CH-(CH,),), 67.41 (-, Ph-CH,), 80.69 (Cquat, €(CHs)s), 128.46 (+, 2 Ph-C), 128.67 (+, Ph-C-4), 128.81 (+, 2
Ph-C), 129.02 (+, 2 Ph-C), 129.54 (+, 2 Ph-C), 136.38 (Cquat, Ph-C), 138.48 (Cquar, Ph-C), 138.67 (Cquar, Ph-
€), 157.90 (Cqua, €=0), 159.01 (Cquar, €=0), 162.12 (Cquat, NH-CO-NH), 175.14 (Cquar, CH-CO-NH); MS
(ESI, MeCN/0.1 % FA) m/z (%): 528 (100) [M + H]*, 1056 (50) [2M+H]"; C,7H37NsOg (527.61).

(R)-Na-BenzyloxycarbonyI-N“-tert-butoxycarbonyI-N-(4-ureidomethylbenzyl)ornithinamide ((R)-
5.41) "

The title compound was prepared from (R)-5.40 (7.69 g, 21.0 mmol) and CDI (3.75 g, 23.1 mmol) in
80 mL DMF and 5.47 (4.53 g, 21.0 mmol), DMAP (1.28 g, 10.5 mmol) and Et3N (4.43 mL, 31.5 mmol)
in 250 mL DMF. Purification by flash chromatography yielded (R)-5.41 as yellowish hard solid (8.35 g,
75 %). *H-NMR (300 MHz, CD;0D): & (ppm) 1.43 (s, 9H, C(CHs)3), 1.47 — 1.66 (m, 3H, CH-CH,-CH,),
1.67 — 1.83 (m, 1H, CH-CH,-CH,), 3.06 — 3.16 (m, 2H, CH,-CH,-NH), 3.98 — 4.09 (m, 1H, CH®), 4.25 (s,
2H, CH,-NH-CO-NH,), 4.26 — 4.42 (m, 2H, Ar-CH,-NH), 5.04 (s, 2H, Ph-CH,), 7.17 — 7.24 (m, 4H, CH,-
CeH4-CH,), 7.26 — 7.38 (m, 5H, Ph-H); *C-NMR (75 MHz, DMSO-ds): & (ppm) 27.52 (-, CH-(CH,),), 28.78
(+, C(€CH3)3), 30.70 (-, CH-(CH,),), 41.23 (-, CHy-NH), 43.75 (-, Ar-CH,-NH), 44.44 (Ar-CH,-NH), 55.99 (+,
CH-(CH,),), 67.41 (-, Ph-CH,), 80.69 (Cquat, C(CHs)3), 128.45 (+, 2 Ph-C), 128.66 (+, Ph-C-4), 128.81 (+, 2
Ph-C), 129.01 (+, 2 Ph-C), 129.53 (+, 2 Ph-C), 136.37 (Cquat, Ph-C), 138.48 (Cquat, Ph-C), 138.67 (Cquat, Ph-
C), 157.90 (Cquat, €=0), 159.02 (Cguar, €=0), 162.13 (Cyuar, NH-CO-NH), 175.16 (Cguar, CH-CO-NH); MS
(ESI, MeCN/0.1 % FA) m/z (%): 528 (100) [M + H]*, 1056 (40) [2M+H]"; Cy7H3,N5O¢ (527.61).

General procedure for the synthesis of (R)- and (S)-N°-Benzyloxycarbonyl-N-(4-ureidomethyl-
benzyl)ornithinamide (5.42)

(R)-5.41 or (5)-5.41 (1 eq) was dissolved in MeOH and acetyl chloride (25 eq) was added dropwise
under water cooling (20 °C) over a period of 1.5 h. Stirring was continued for 30 min, volatiles were
removed under reduced pressure and the residue was suspended in water (100 mL). Lyophilisation

afforded the product as a white solid.

(S)-NG-Benzonxycarbonyl-N—(4-ureidomethyIbenzyl)ornithinamide ((S)-5.42)

The title compound was prepared from (S)-5.41 (6.00 g, 11.4 mmol) and acetyl chloride (20.2 mL,
284.0 mmol) in 200 mL MeOH. Lyophilisation afforded the product as a white solid (5.01 g, 95 %). *H-
NMR (300 MHz, CD;0D): & (ppm) 1.43 — 1.61 (m, 3H, CH-CH,-CH,), 1.62 — 1.78 (m, 1H, CH-CH,-CH,),
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3.04 — 3.16 (m, 2H, CH,-CH,-NH), 3.30 — 3.35 (m, overlap with solvent, 1H, CH%), 4.25 (s, 2H, CH,-NH-
CO-NH,), 4.27 — 4.42 (m, 2H, Ar-CH,-NH), 5.04 (s, 2H, Ph-CH,), 7.20-7.26 (m, 4H, CH,-CsH4-CH,), 7.27 —
7.38 (m, 5H, Ph-H); *C-NMR (75 MHz, CD;0D): & (ppm) 27.23 (-, CH-(CH,),), 33.76 (-, CH-(CH,),),
41.47 (-, CH,-NH), 43.80 (-, Ar-CH,-NH), 44.45 (-, Ar-CH,-NH), 55.82 (+, CH-(CH,),), 67.38 (-, Ph-CH,),
128.50 (+, 2 Ph-C), 128.80 (+, 2 Ph-C), 128.87 (+, 2 Ph-C), 129.00 (+, Ph-C), 129.52 (2 Ph-C), 138.50
(Cquats Ph-C), 138.69 (Cquar, Ph-C), 140.20 (Cquat, Ph-C), 158.98 (Cquar, O-CO-NH), 162.09 (Cquar, NH-CO-
NH), 177.37 (Cquaty CH-CO-NH). MS (ESI, MeCN/0.1 % FA) m/z (%): 428 (100) [M+H]". C;,H2sN50, - HCl
(463.96).

(R)-N°-Benzyloxycarbonyl-N-(4-ureidomethylbenzyl)ornithinamide ((R)-5.42)"

The title compound was prepared from (R)-5.41 (8.00 g, 15.2 mmol) and acetyl chloride (27.0 mL,
379.0 mmol) in 250 mL MeOH. Lyophilisation afforded the product as a white solid (6.4 g, 91 %). 'H-
NMR (300 MHz, CD;0D): & (ppm) 1.42 — 1.62 (m, 3H, CH-CH,-CH,), 1.62 — 1.77 (m, 1H, CH-CH,-CH,),
3.03 = 3.16 (m, 2H, CH,-CH,-NH), 3.29 — 3.35 (m, overlap with solvent, 1H, CH%), 4.24 (s, 2H, CH,-NH-
CO-NH,), 4.27 — 4.43 (m, 2H, Ar-CH,-NH), 5.04 (s, 2H, Ph-CH,), 7.20-7.26 (m, 4H, CH,-CsH4-CH,), 7.27 —
7.39 (m, 5H, Ph-H); *C-NMR (75 MHz, CD;0D): & (ppm) 27.24 (-, CH-(CH,),), 33.75 (-, CH-(CH,),),
41.47 (-, CH,-NH), 43.80 (-, Ar-CH,-NH), 44.43 (-, Ar-CH,-NH), 55.82 (+, CH-(CH,),), 67.38 (-, Ph-CH,),
128.49 (+, 2 Ph-C), 128.81 (+, 2 Ph-C), 128.88 (+, 2 Ph-C), 129.01 (+, Ph-C), 129.52 (2 Ph-C), 138.50
(Cquat, Ph-C), 138.69 (Cquat, Ph-C), 140.24 (Cqyar, Ph-C), 158.97 (Cquat, O-CO-NH), 162.13 (Cqyuat, NH-CO-
NH), 177.33 (Cquatr, CH-CO-NH). MS (ESI, MeCN/0.1 % FA) m/z (%): 428 (100) [M+H]". C3,H,9N50, - HCl
(463.96).

General procedure for the synthesis of (R)- and (S)-N°-Benzyloxycarbonyl-N°-(2,2-diphenylacetyl)-
N-(4-ureidomethylbenzyl)ornithinamide (5.43)

(R)-5.42 or (5)-5.42 (1 eq) was dissolved in anhydrous DMF (100 mL). EtsN (1.5 eq), DMAP (0.5 eq)
and 5.49 (1.2 eq) were added and the mixture was kept under stirring for 20 h at rt. After addition of
glacial acetic acid (3 mL) DMF was removed under reduced pressure yielding a light yellow-brown
solid which was dried in vacuo. The solid was insoluble or poorly soluble in most organic solvents.
Therefore the solid material was crushed to small pellets and suspended in acetonitrile (700 mL).
After heating (70 °C) and sonication, the insoluble crude product turned into a white fluffy solid.
Separation by filtration and washing with acetonitrile (2 x 250 mL) and water (3x 150 mL) yielded the

product as a white solid.
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(S)-NG-BenzonxycarbonyI-N"‘-(Z,Z-diphenylacetyl)-N-(4-ureidomethylbenzyl)ornithinamide ((8)-
5.43)

The title compound was prepared from ($)-5.42 (2.80 g, 6.6 mmol), 5.49 (2.23 g, 7.2 mmol), DMAP
(0.40 g, 3.3 mmol) and Et3N (1.38 mL, 9.8 mmol) in 40 mL DMF according to the general procedure
yielding the product as a white solid (3.5 g, 86 %). *H-NMR (300 MHz, DMSO-ds): & (ppm) 1.20 — 1.45
(m, 2H, CH-CH,-CH,), 1.46 — 1.76 (m, 2H, CH-CH,-CH,), 2.87 — 3.05 (m, 2H, CH,-CH,-NH), 4.10 — 4.26
(m, 4H, CH,-Ar-CH,), 4.27 — 4.38 (m, 1H, CH"), 5.01 (s, 2H, Ph-CH,), 5.12 (s, 1H, (Ph),-CH), 5.53 (bs, 2H,
NH,), 6.38 (t, °J = 5.9 Hz, 1H, NH-CO), 7.10 — 7.18 (m, 4H, CH,-C¢H,-CH,), 7.19 — 7.41 (m, 16H, Ph-H +
NH-CO), 8.38 — 8.52 (m, 2H, 2x NH-CO); *C-NMR (75 MHz, DMSO-de): & (ppm) 25.92 (-, CH,), 29.56 (-,
CH,), 39.80 (-, CH,-NH), 41.65 (-, Ar-CH,-NH), 42.44 (-, Ar-CH,-NH), 52.39 (+, (Ph),-CH) 55.81 (+, CH-
(CH,),), 65.03 (-, Ph-CH,), 126.47 (+, 2 diPh-C-4), 126.85 (+, 4 CH,-CsH4-CH,), 127.61 (+, 2 Ph-C), 127.65
(+, Ph-C-4), 128.06 (+, 2 diPh-C), 128.09 (+, 2 diPh-C), 128.25 (+, 2 Ph-C), 128.37 (+, 2 diPh-C), 128.45
(+, 2 diPh-C), 137.15 (Cquat, Ph-C), 137.29 (Cquat, Ph-C), 139.30 (Cquar, Ph-C), 140.24 (Cquar, Ph-C), 140.43
(Cquaty Ph-C), 155.97 (Cquat, O-CO-NH), 158.54 (Cquar, NH-CO-NH), 170.83 (Couar, €=0), 171.31 (Couat,
C=0). MS (ESI, MeCN/0.1 % FA) m/z (%): 622 (100) [M+H]". C36H3sNs0s (621.73).

(R)-N°-Benzyloxycarbonyl-N*-(2,2-diphenylacetyl)-N-(4-ureidomethylbenzyl)ornithinamide ((R)-
5.43)'%%

The title compound was prepared from (R)-5.42 (5.00 g, 11.7 mmol), 5.49 (4.34 g, 14.0 mmol), DMAP
(0.71 g, 5.9 mmol) and Et3N (2.47 mL, 17.5 mmol) in 70 mL DMF according to the general procedure
yielding the product as a white solid (5.65 g, 78 %). *H-NMR (300 MHz, DMSO-ds): & (ppm) 1.22 —
1.45 (m, 2H, CH-CH,-CH;), 1.46 — 1.74 (m, 2H, CH-CH,-CH,), 2.88 — 3.02 (m, 2H, CH,-CH,-NH), 4.10 —
4.26 (m, 4H, CHy-Ar-CH,), 4.27 — 4.39 (m, 1H, CH%), 5.00 (s, 2H, Ph-CH,), 5.12 (s, 1H, (Ph),-CH), 5.53
(bs, 2H, NH,), 6.38 (t, °J = 5.9 Hz, 1H, NH-CO), 7.09 — 7.17 (m, 4H, CH,-C¢H,4-CH,), 7.19 — 7.42 (m, 16H,
Ph-H + NH-CO), 8.37 — 8.54 (m, 2H, 2x NH-CO); *C-NMR (75 MHz, DMSO-ds): & (ppm) 25.92 (-, CH,),
29.56 (-, CH,), 39.80 (-, CH,-NH), 41.65 (-, Ar-CH,-NH), 42.44 (-, Ar-CH,-NH), 52.39 (+, (Ph),-CH) 55.81
(+, CH-(CH,),), 65.03 (-, Ph-CH,), 126.46 (+, 2 diPh-C-4), 126.85 (+, 4 CH,-C¢H,-CH,), 127.61 (+, 2 Ph-C),
127.65 (+, Ph-C-4), 128.06 (+, 2 diPh-C), 128.09 (+, 2 diPh-C), 128.25 (+, 2 Ph-C), 128.37 (+, 2 diPh-C),
128.45 (+, 2 diPh-C), 137.15 (Cquat, Ph-C), 137.30 (Cquat, Ph-C), 139.30 (Cquat, Ph-C), 140.24 (Cyyar, Ph-C),
140.44 (Cquat, Ph-C), 155.97 (Cquat, O-CO-NH), 158.54 (Cquat, NH-CO-NH), 170.83 (Cquat, €=0), 171.31
(Cquat, €=0). MS (ESI, MeCN/0.1 % FA) m/z (%): 622 (100) [M+H]"; C36H39Ns0s (621.73).
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General procedure for the synthesis (R)- and (S)-N®-(2,2-Diphenylacetyl)-N-(4-ureidomethylbenzyl)-

ornithinamide (5.35)

Compound (R)-5.43 or (S)-5.43 was suspended in MeOH. The amount of solid could be reduced by
heating the suspension to 60 °C. Glacial acetic acid (1.2 mL) and a 10 % Pd/C catalyst were added and
hydrogen was lead through the vigorously stirred mixture at 45 °C for 2 - 4 h (TLC control). At this
time the white solid had disappeared. After 3 h the catalyst was removed by filtration over Celite, the
solvent was removed under reduced pressure and the residue was suspended in water (50 mL) at 40

°C prior to lyophilisation.

(S)-N*-(2,2-Diphenylacetyl)-N-(4-ureidomethylbenzyl)ornithinamide ((S)-5.35)

The hydrogenation of (5)-5.43 (2.8 g, 4.5 mmol) was carried out in 300 mL MeOH using 300 mg of
10 % Pd/C catalyst according to the general procedure. The title compound (S)-5.35 was obtained as
a white solid (2.37 g, 96 %). *H-NMR (300 MHz, DMSO-dg): & (ppm) 1.32 — 1.62 (m, 3H, CH-CH,-CH,),
1.63-1.78 (m, 1H, CH-CH,-CH,), 2.56 — 2.68 (m, 2H, CH,-NH,), 4.10 — 4.26 (m, 4H, CH,-Ar-CH,), 4.27 —
4.38 (m, 1H, CH%), 5.14 (s, 1H, (Ph),-CH), 5.59 (bs, 2H, NH,), 6.53 (t, >/ = 5.7 Hz, 1H, NH-CO), 7.10 —
7.18 (M, 4H, CH,-CgH4-CH,), 7.19 — 7.40 (m, 11H, Ph-H + NH), 8.62 — 8.76 (m, 2H, NH); **C-NMR (75
MHz, DMSO-dg): & (ppm) 25.46 (-, CH,), 29.15 (-, CH,), 38.72 (-, CH»-NH,), 41.65 (-, Ar-CH,-NH), 42.42
(-, Ar-CH,-NH), 52.13 (+, (Ph),-CH), 55.78 (+, CH-(CH,),), 126.46 (+, 2 diPh-C-4), 126.82 (+, 4 Ph-C),
128.05 (+, 2 diPh-C), 128.09 (+, 2 diPh-C), 128.40 (+, 2 diPh-C), 128.43 (+, 2 diPh-C), 137.35 (Cqyuat, Ph-
C), 139.29 (Cquat, Ph-C), 140.27 (Cquat, Ph-C), 140.44 (Cyuar, Ph-C), 158.65 (Cquat, NH-CO-NH,), 170.94
(Cquat, €=0), 171.34 (Cquar, €=0). MS (ESI, MeCN/0.1 % FA) m/z (%): 488 (100) [M+H]"; CgH33NsO5 -
C,H40; (547.65).

(R)-N°-(2,2-Diphenylacetyl)-N-(4-ureidomethylbenzyl)ornithinamide ((R)-5.35)**

The hydrogenation of (R)-5.43 (2.0 g, 3.2 mmol) was carried out in 220 mL MeOH using 200 mg of 10
% Pd/C catalyst according to the general procedure. The title compound (R)-5.35 was obtained as a
white solid (1.64 g, 93 %). *H-NMR (300 MHz, DMSO-ds): & (ppm) 1.31 — 1.63 (m, 3H, CH-CH,-CH,),
1.64 — 1.74 (m, 1H, CH-CH,-CH,), 2.54 — 2.67 (m, 2H, CH,-NH,), 4.10 — 4.26 (m, 4H, CHy-Ar-CH,), 4.27 —
4.38 (m, 1H, CH%), 5.14 (s, 1H, (Ph),-CH), 5.57 (bs, 2H, NH,), 6.51 (t, >/ = 6.0 Hz, 1H, NH-CO), 7.10 —
7.18 (m, 4H, CH,-C¢Hq-CH,), 7.19 — 7.38 (m, 11H, Ph-H + NH), 8.62 — 8.76 (m, 2H, NH); *C-NMR (75
MHz, DMSO-dg): 6 (ppm) 26.08 (-, CH,), 29.23 (-, CH,), 39.12 (-, CH,-NH,), 41.65 (-, Ar-CH,-NH), 42.43
(-, Ar-CH,-NH), 52.18 (+, (Ph),-CH), 55.79 (+, CH-(CH,),), 126.46 (+, 2 diPh-C-4), 126.82 (+, 4 Ph-C),
128.05 (+, 2 diPh-C), 128.09 (+, 2 diPh-C), 128.39 (+, 2 diPh-C), 128.43 (+, 2 diPh-C), 137.36 (Cqyuat, Ph-
C), 139.30 (Cquat, Ph-C), 140.28 (Cquat, Ph-C), 140.45 (Cguat, Ph-C), 158.62 (Cquar, NH-CO-NH,), 170.90
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(Cquaty €=0), 171.36 (Cquar, €=0); MS (ESI, MeCN/0.1 % FA) m/z (%): 488 (100) [M+H]"; CysH33Ns0; -
C,H40, (547.65).

General procedure for the synthesis of (R)- and (5)-5-[2-(2-aminoethylcarbamoyl)guanidine]-2-(2,2-
diphenylacetamido)-N-[4-(ureidomethyl)benzyl]pentanamide (5.44)

The compound (S)-5.35 or (R)-5.35 (1 eq), the guanidinylating reagent 3.67 (1 eq) and HgCl, (2 eq)
were dissolved in anhydrous DMF. DIEA (3 eq) was added and the mixture was stirred for 24 to 30 h
at ambient temperature. Subsequently, the precipitate was removed by centrifugation. The crude
product was purified by flash chromatography (DCM/MeOH 100/1 — 95/5 v/v). The residue was
dissolved in DCM. TFA (50 % final concentration) was added and the reaction mixture was stirred
until the protection groups were removed (3 — 8 h, TLC control). After evaporation of the solvent in

vacuo, the crude product was purified by flash chromatography.

(S)-5-[2-(2-Aminoethylcarbamoyl)guanidine]-2-(2,2-diphenylacetamido)-N-[4-(ureidomethyl)-
benzyl]pentanamide ((S)-5.45)

The title compound was prepared from (§)-5.35 (1.10 g, 2.3 mmol), 3.67 (0.85 g, 2.3 mmol), Hg,Cl,
(0.92 g, 3.4 mmol) and DIEA (0.79 mL, 4.5 mmol). Deprotection in 20 mL DCM and 20 mL TFA
followed by flash chromatography afforded the product as pale yellow foam (1.43 g, 78 %). *H-NMR
(600 MHz, CD;0D, COSY, HSQC): 6 (ppm) 1.47 — 1.63 (m, 2H, CH-CH,-CH,), 1.66 — 1.75 (m, 1H, CH-
CH,-CH,), 1.78 — 1.89 (m, 1H, CH-CH,-CH,), 3.07 (t, *J = 5.0 Hz, 2H, NH-CH,-CH,-NH,), 3.17 — 3.27 (m,
2H, CH-(CH,),-CH>-NH), 3.49 (t, ’J = 5.1 Hz, 2H, NH-CH,-CH,-NH,), 4.26 (s, 2H, Ar-CH,-NH-CO-NH,),
4.27 — 4.39 (m, 2H, Ar-CH,-NH), 4.40 — 4.45 (m, 1H, CH-CH,-CH,), 5.07 (s, 1H, (Ph),-CH), 7.16 — 7.22
(m, 4H, CH,-CgH,4-CH,), 7.23 — 7.32 (m, 10 H, Ph-H); *C-NMR (150 MHz, CD;0D, HSQC) 25.61 (CH-CH,-
CH,), 30.27 (CH-CH,-CH,), 38.53 (NH-CH,-CH,-NH,), 40.77 (NH-CH,-CH,-NH,), 41.81 ((CH,),-CH,-NH-),
43.80 (NH-CH,-Ar), 44.32 (Ar-CH,-NH-CO-NH,), 54.32 (CH-CH,-CH,), 58.69 ((Ph),-CH), 128.15 (diPh-C-
4), 128.22 (diPh-C-4), 128.36 (2 Ph-C), 128.66 (2 Ph-C), 129.51 (2 diPh-C), 129.55 (2 diPh-C), 129.85 (2
diPh-C), 129.90 (2 diPh-C), 138.40 (Ph-C-1), 140.84 (Ph-C-4), 140.96 (2 diPh-C-1), 155.64 (NH-CNH,-
NH), 156.45 (NH-CO-NH), 162.13 (Ar-CH,-NH-CO-NH,), 173.51 (CO-NH-CH,-Ar), 174.85 ((Ph),-CH-CO);
HRMS (ESI) m/z calcd. for [C3,Ha1NgOs+H]" 616.3354, found 616.3360. C3,H41NoO,4 - 2TFA (985.92).

(R)-5-[2-(2-Aminoethylcarbamoyl)guanidine]-2-(2,2-diphenylacetamido)-N-[4-(ureidomethyl)-
benzyl]pentanamide ((R)-5.44)

The title compound was prepared from (R)-5.35 (0.79 g, 1.6 mmol), 3.67 (0.61 g, 1.6 mmol), HgCl,
(0.66 g, 2.4 mmol) and DIEA (0.56 mL, 3.2 mmol). Deprotection in 15 mL DCM and 15 mL TFA

followed by flash chromatography afforded the product as pale yellow foam (1.43 g, 78 %). "H-NMR
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(300 MHz, CD;0D): & (ppm) 1.30 — 1.60 (m, 3H, CH-CH,-CH,), 1.60 — 1.76 (m, 1H, CH-CH,-CH,), 2.84 (t,
3J = 5.7 Hz, 2H, NH-CH,-CH,-NH,), 3.03 — 3.15 (m, 2H, CH-(CH,),-CH,-NH), 3.17 — 3.28 (m, 2H, NH-CH.-
CH-NH,), 4.10 -4.19 (m, 2H, Ar-CH,-NH-CO-NH,), 4.19 — 4.27 (m, 2H, Ar-CH,-NH), 4.27 — 4.40 (m, 1H,
CH-CH,-CH,), 5.13 (s, 1H, (Ph),-CH), 5.58 (bs, NH-CO-NH,), 6.48 (t, °J = 6.0 Hz, 1H, NH), 7.08 — 7.17 (m,
4H, CH,-CeHs-CH,), 7.18 — 7.34 (m, 10 H, Ph-H), 8.44 — 8.57 (m, 2H, 2x NH); *C-NMR (75 MHz, CD50D)
25.44 (-, CH-CH,-CH,), 29.54 (-, CH-CH,-CH,), 37.28 (-, NH-CH,-CH,-NH,), 39.37 (-, NH-CH,-CH,-NH,),
41.65 ((CH,),-CH,-NH-), 42.40 (-, NH-CH,-Ar), 44.32 (-, Ar-CH,-NH-CO-NH,), 52.42 (+, CH-CH,-CH,),
55.80 (+, (Ph),-CH), 126.50 (+, 2 diPh-C-4), 126.82 (+, 4 Ph-C), 128.07 (+, 2 diPh-C), 128.11 (+, 2 diPh-
C), 128.38 (+, 2 diPh-C), 128.41 (+, 2 diPh-C), 137.27 (C#, Ph-C-1), 140.20 (Cquat, Ph-C-4), 140.39 (Cquar,
2 diPh-C-1), 158.06 (Cqust, NH-CNH,-NH), 158.46 (Cquat, NH-CO-NH), 158.47 (Cquat, Ar-CHp-NH-CO-NH,),
170.88 (Cquat, CO-NH-CH,-Ar), 171.22 (Cquat, (Ph),-CH-CO); MS (ESI, MeCN/0.1% FA) m/z (%): 308 (50)
[M+2H]**, 329 (100) [M+MeCN+2H]%, 616 (75) [M+H]". C3,H4,NgO, - 2TFA (985.92).

Succinimidyl 2,2-diphenylacetate (5.49) 16

To a solution of 2,2-diphenylacetic acid 5.48 (25.0 g, 118.0 mmol, 1.0 eq) in anhydrous THF (500 mL)
was added DCC (25.5 g, 124.0 mmol, 1.05 eq) and N-hydroxysuccinimide (14.2 g, 124 mmol, 1.05 eq).
The reaction mixture was stirred at room temperature overnight. The white precipitate (DCU) was
removed by filtration and the filtrate was concentrated under reduced pressure. Purification by flash
chromatography (PE/EtOAc 70/30 — 30/70 v/v) yielded the product as a white solid (33.9 g, 93 %). 'H-
NMR (300 MHz, CDCl3): 6 (ppm) 2.76 (s, 4H, CH,), 5.36 (s, 2H, (Ph),-CH), 7.13 — 7.58 (m, 10 H, Ph-H);
BC-NMR (75 MHz, CDCl;) & (ppm) 25.60 (-, 2 CH,), 54.04 (+, (Ph),-CH), 127.93 (+, 2 Ph-C-4), 128.71 (+,
4 Ph-C), 128.89 (+, 4 Ph-C), 136.71 (Cqyat, 2 Ph-C-1), 168.15 (Cyyat, CH-CO-0), 168.95 (Cyuat, 2 €=0). MS
(El, 70 eV) m/z (%): 309 (5) [M]", 167(100) [(Ph),-CH]". C1gH1sNO, (309.32).
N-tert-Butoxycarbonyl-1,4-bis(aminomethyl)benzene (5.46)'" %

1,4-Bis(aminomethyl)benzene 5.45 (30 g, 220.0 mmol, 1 eq) was suspended in 1 M ag. NaOH
(220 mL, 220.0 mmol, 1 eq). 1,4-dioxane was added (250 mL) and the solution was cooled in an ice-
water bath. Subsequently, di-tert-butyl dicarbonate (40.1 g, 184.0 mmol, 1 eq) dissolved in 1,4-
dioxane (150 mL) was added dropwise over a period of 2 h. The ice-water bath was removed and the
mixture was allowed to stir at rt overnight. The reaction mixture was reduced to about 250 mL under
reduced pressure. The white precipitate was separated by filtration, washed twice with ice-cold
water (2 x 100 mL) and dried in vacuo. 5.46 was obtained as a white solid (33.7 g of a mixture of 5.46
and di-Boc-protected 1,4-bis(aminomethyl)benzene (= 55:45), 18.5 g (78.0 mmol, 36 %) related to
5.46; '"H-NMR (300 MHz, CD;0D): 6 (ppm) 1.44 (s, 24H, C(CHs)s, 5.46 and “di-Boc”), 3.77 (s, 2H, CH,-
NH,), 4.19 (s, 5.3H, CH,-NH, “di-Boc” + CH,-NH, 5.46), 7.22 (s, 3.3H, Ph-H, “di-Boc”), 7.23 — 7.33 (m,
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4H, Ph-H, 4.7); MS (ESI, MeCN/0.1 % FA) m/z (%): 278 (100) [M+MeCN+H]*, 354 (100) [“di-Boc” +
NH,4]"; C13H0N,0; (236.31).
N-(4-Aminomethylbenzyl)urea (5.47) ** ¥

Compound 5.46 (18.5 g, 46.0 mmol, 1 eq; used as 33.7 g of a mixture with di-Boc-protected 1,4-
bis(aminomethyl)benzene) was suspended in water (500 mL) and ethanol (400 mL). The suspension
was heated to 60 °C and 1 M ag. hydrochloric acid (100 mL) was added vyielding a pH of about 3.
Potassium cyanate (6.60 g, 81.0 mmol, 1.04 eq) was added and the mixture was refluxed for 75 min.
1 M ag. hydrochloric acid (6-8 mL) was added to adjust the pH to 7, followed by the addition of 4.67 g
potassium cyanate (4.42 g, 54.6 mmol, 0.7 eq). Reflux was continued for 2 h, then the mixture was
stirred at rt overnight (final pH = 8). Subsequently, the reaction mixture was concentrated under
reduced pressure to a volume of about 200 mL. The white solid was separated by filtration, washed
twice with water (2 x 150 mL) and dried in vacuo. Because of the poor solubility of the crude product
dry loading was applied for the purification by flash chromatography (CH2Cl2/MeOH 20/1 to 7.5/1).
The isolated Boc-protected intermediate was dissolved in MeOH (300 mL) under moderate warming.
Acetyl chloride (30 mL) was added dropwise over a period of 2 h and stirring was continued for
30 min. Volatiles were removed under reduced pressure and the residue was suspended in water
(150 mL) prior to lyophilisation. The product was obtained as a white solid (10.8 g, 77 %). "H-NMR
(300 MHz, CD30D): & (ppm) 4.12 (s, 2H, CH,-NH,), 4.32 (s, 2H, CH,-NH), 7.37 (d, ®/ = 8.3 Hz, 2H, Ph-H),
7.44 (d, *J = 8.3 Hz, 2H, Ph-H); *C-NMR (75 MHz, CD;0D): & (ppm) 44.19 (-, CH,-NH), 44.48 (-, CH,-
NH), 129.06 (+ 2 Ph-C), 130.45 (+, 2 Ph-C), 133.07 (Cyyat, Ph-C), 141.87 (Cyyat, Ph-C), 162.38 (Cquat, €=0).
MS (ESI, MeCN/0.1 % FA) m/z (%): 221 (100) [M+MeCN+H]", 359 (50) [2M+MeCN+H]*; C14H,.N50; -
HCl (215.68).

5.7.2.2  Synthesis of the Spacers 5.52, 5.54, 5.56, 5.59, 5.64 and 5.65

General procedure for the amide coupling

A solution of the carboxylic acid (1 eq), EDAC (1.2 eq), HOBt-monohydrate (1.2 eq) and DIPEA (2 eq)
was dissolved in DCM,,s or DMF,,s and stirred under argon atmosphere for 15 minutes. To this
mixture a solution of the amine in DCM/abs was added and stirred overnight at room temperature.
After removal of the solvent under reduced pressure the crude product was diluted with EtOAc and
washed with water. The organic phase was dried over MgSO, and concentrated in vacuo. The crude

product was recrystallized from ether or EtOAc or purified by flash chromatography.
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Benzyl 4-[2-(tert-butoxycarbonylamino)ethylamino]-4-oxobutanoate (5.50)

The title compound was prepared from 5.33 (2.60 g, 12.5 mmol), EDAC (2.87, 15.0 mmol), HOBt
(2.02, 15.0 mmol), DIEA (4.35 mL, 25.0 mmol) and 3.35 (2.00 g, 12.5 mmol) in DCM afforded the
product as white solid after recrystallization from ether (3.70 g, 85 %). "H-NMR (300 MHz, CD;0D):
8 (ppm) 1.42 (s, 9H, C(CHs)s3), 2.49 (t, */ = 6.9 Hz, 2H, CO-CH,-CH,-CO-NH), 2.66 (t, >J = 6.8 Hz, 2H, CO-
CH,-CH,-CO-NH), 3.11 (t, °J = 5.8 Hz, 2H, NH-CH,-CH,-NHBoc), 3.21 (t, >/ = 5.8 Hz, 2H, NH-CH,-CH,-
NHBoc), 5.11 (s, 2H, Ph-CH,), 7.09 — 7.44 (m, 5H, Ph-H). *C-NMR (75 MHz, CD;0D): & (ppm) 28.81 (+,
C(CHs)s), 30.49 (-, CO-(CH,),-CO), 31.48 (-, CO-(CH,),-CO), 40.61 (NH-(CH,),-NH), 40.89 (-, NH-(CH,),-
NH), 67.46 (-, Ph-CH,), 80.18 (Cquat, C(CHs3)3), 129.24 (+, 3 Ph-C + Ph-C-4), 129.58 (+, 2 Ph-C), 137.60 (+,
Ph-C-1), 174.18 (Cquat, €=0), 174.61 (Cquat, €=0); MS (ESI, MeCN/0.1 % FA) m/z (%): 351 (100) [M+H]",
701 (60) [2M+H]". C1gH,6N,05 (350.41).

Benzyl 2,2-dimethyl-4,8,13-trioxo-3-oxa-5,9,12-triazahexadecan-16-oate (5.53)

The title compound was prepared from Boc-B-Ala-OH (0.38 g, 2.0 mmol), EDAC (0.46 g, 2.4 mmol),
HOBt (0.32 g, 2.4 mmol), DIEA (0.70 mL, 4.0 mmol) and 5.51 (0.50 g, 4.0 mmol) in DCM vyielding 5.53
as a white solid after recrystallization from diethyl ether (0.53 g, 63 %). "H-NMR (300 MHz, CD;0D):
& (ppm) 1.41 (s, 9H, C(CHs)s), 2.33 (t, °J = 6.7 Hz, 2H, CO-CH,-CH,-CO-NH), 2.50 (t, *J = 6.8 Hz, 2H, CO-
CH,-CH,-CO-NH), 2.67 (t, >J = 6.7 Hz, 2H, CO-CH,-CH,-NH), 3.20 — 3.30 (m, overlap with solvent, 6H,
NH-CH,-CH,-NH + CO-CH,-CH,-NH), 5.11 (s, 2H, Ph-CH,), 7.15 — 7.48 (m, 5H, Ph-H); >C-NMR (75 MHz,
CD;0D): 6 (ppm) 28.80 (+, C(CHs)3), 30.43 (-, CO-CH; ), 31.48 (-, CO-CH,), 37.52 (-, CO-CH,-CH,-NH),
38.09 (-, NH-CH,), 39.99 (-, NH-CH,), 40.06 (-, NH-CH,), 67.48 (-, Ph-CH,), 80.18 (Cquat, C(CHs)3), 129.22
(+, 3 Ph-C + Ph-C-4), 129.58 (+, 2 Ph-C), 137.60 (Cquat, Ph-C-1), 174.25 (Cquat, €C=0), 174.31 (Cquar, €=0),
174.81 (Cquat, €=0). MS (ES, MeCN/0.1 % FA) m/z (%): 422 (100) [M+H]’, 439 (70) [M+NH,]".
C1H31N306 (421.49).

Benzyl 2,2-dimethyl-4,9,12,17-tetraoxo-3-oxa-5,8,13,16-tetraazaicosan-20-oate (5.55)

The title compound was prepared from 5.52 (0.26 g, 1.0 mmol), EDAC (0.23 g, 1.2 mmol), HOBt
(0.16 g, 1.2 mmol), DIEA (0.52 mL, 3.0 mmol) and 5.51 (0.25 g, 1.0 mmol) in DMF yielding 5.55 as a
white solid after recrystallization from EtOAc (0.31 g, 63 %). ‘H-NMR (300 MHz, DMSO-dg): & (ppm)
1.37 (s, 9H, C(CHs)3), 2.24 — 2.31 (m, 4H, CO-(CH,),-C0) 2.37 (t, >J = 6.9 Hz, 2H, CO-CH,-CH,-CO0), 2.56
(t, >/ = 6.9 Hz, 2H, CO-CH,-CH,-COO), 2.88 — 2.98 (m, 2H, NH-CH,-CH,-NHBoc), 2.99 — 3.10 (m, 6H, NH-
(CH,),-NH + NH-CH,-CH,-NHBoc), 5.08 (s, 2H, Ph-CH,), 6.71 — 6.86 (m, 1H, NH), 7.29 — 7.41 (m, 5H, Ph-
H), 7.74 — 7.91 (m, 3H, 3x NH). *C-NMR (DMSO-ds): & (ppm) 28.11 (+, C(CHs)s), 28.90 (-, 2x CO-CH,),
29.74 (-, CO-CH,), 30.70 (-, CO-CH,), 38.19 (-, NH-CH,), 38.24 (-, NH-CH,), 38.61 (-, NH-CH,), 39.50 (-,
NH-CH,), 65.27 (-, Ph-CH,), 77.52 (Cquat, C(CHs)s), 127.69 (+, 2 Ph-C), 127.81 (+, Ph-C-4), 136.12 (Cquat,
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Ph-C-1), 155.47 (Cquat, NH-CO-0), 170.66 (Couty €=0), 171.41 (Cquar, €=0), 172.15 (Cquar, C=0). MS (ES,
MECN/Ol % FA) m/Z (%) 493 (100) [M+H]+, 510 (50) [M+NH4]+ C24H35N407 (49257)

Benzyl 2,2-dimethyl-4,8,13,16,21-pentaoxo-3-oxa-5,9,12,17,20-pentaazatetracosan-24-oate (5.58)
The title compound was prepared from Boc--Ala-OH (0.22 g, 1.1 mmol), EDAC (0.26 g, 1.4 mmol),
HOBt (0.19 g, 1.4 mmol), DIEA (0.60 mL, 3.4 mmol) and 5.57 (0.45 g, 1.1 mmol) in DMF yielding 5.58
as a white solid after recrystallization from EtOAc (0.39 g, 60 %). "H-NMR (300 MHz, DMSO-dg):
& (ppm) 1.36 (s, 9H, C(CHs)3), 2.20 (t, °J = 7.3 Hz, 2H, CO-CH,), 2.25 — 2.31 (m, 4H, CO-(CH,),-CO),
2.37 (t, ) = 6.8 Hz, 2H, CO-CH,), 2.57 (t, >J = 6.9 Hz, 2H, CO-CH,), 2.98 — 3.18 (m, 10H, 2x NH-(CH.,),-
NH + CO-CH,-CH,-NHBoc), 5.08 (s, 2H, Ph-CH,), 6.75 (t, >/ =, 1H, NH), 7.12 — 1.59 (m, 5H, Ph-H), 7.71 -
8.06 (m, 3H, 3x NH); 13C-NMR (75 MHz, DMSO-d¢): & (ppm) 28.11 (+, C(CHs)3), 28.89 (-, ), 29.74 (-,
CO-CH,), 30.69 (-, CO-CH,), 35.74 (-, CO-CH,-CH,-CO), 36.59 (-, CO-(CH,),-NH), 38.18 (-, 2x NH-CH,),
38.22 (-, 2x NH-CH;), 65.27 (-, Ph-CH,;), 77.46 (Cqua, C(CHs)3), 127.69 (+, 2 Ph-C), 127.82 (+, Ph-C-4),
128.29 (+, 2 Ph-C), 136.12 (Cquat, Ph-C-1), 170.35 (Cquat, €=0), 170.68 (Cquat, €=0), 171.45 (Cquar, €=0),
172.16 (Cquar, €=0). MS (ES, MeCN/0.1 % FA) m/z (%): 564 (100) [M+H]". C,7H41Ns05 (563.64).

Benzyl 2,2-dimethyl-4,15-dioxo-3,8,11-trioxa-5,14-diazaoctadecan-18-oate (5.62)

The title compound was prepared from 5.33 (0.34 g, 1.6 mmol), EDAC (0.37 g, 1.9 mmol), HOBt
(0.26 g, 1.9 mmol), DIEA (0.56 mL, 3.1 mmol) and 5.60 (0.40 g, 1.6 mmol) in DCM yielding 5.62 as a
colourless oil (0.42 g, 75 %) after purification by flash chromatography (DCM/MeOH 100/0 — 95/5
v/v). "H-NMR (300 MHz, CD;0D): & (ppm) 1.42 (s, 9H, C(CHs)s), 2.51 (t, */ = 6.5 Hz, 2H, CO-CH,), 2.66
(t, %) = 6.6 Hz, 2H, CO-CH,), 3.21 (t, °J = 5.6 Hz, 2H, CH,-NH), 3.34 (t, °J = 5.4 Hz, 2H, CH,-NH), 3.44 —
3.54 (m, 4H, O-CH,-CH,-0), 3.55 — 3.63 (m, 4H, 2x O-CH,-CH,-NH), 5.11 (s, 2H, Ph-CH,), 7.19 — 7.43
(m, 5H, Ph-H); **C-NMR (75 MHz, CD;0D): § (ppm) 28.81 (+, C(CHs)s), 30.50 (-, CO-CH,), 31.42 (-, CO-
CH,), 40.43 (-, NH-CH,), 41.27 (-, NH-CH,), 67.41 (-, Ph-CH,), 70.62 (-, CO-CH,-CH,-NH), 71.12 (-, CO-
CH,-CH,-NH), 71.33 (-, CO-CH,-CH,-CO), 80.13 (Cquat, €(CH3)3), 129.20 (+, 2 Ph-C + Ph-C-4), 129.57 (+,
Ph-C), 137.65 (Cquat, Ph-C-1), 174.09 (Cquat, €=0), 174.37 (Cquat, €C=0). MS (ES, MeCN/0.1 % FA) m/z (%):
439 (70) [M+H]", 456 (100) [M+NH,]" . C16H30N,04 (438.51).

Benzyl 2,2-dimethyl-4,20-dioxo-3,9,12,15-tetraoxa-5,19-diazatricosan-23-oate (5.63)

The title compound was prepared from 5.33 (0.33 g, 1.6 mmol), EDAC (0.36 g, 1.9 mmol), HOBt
(0.25 g, 1.9 mmol), DIEA (0.54 mL, 3.1 mmol) and 5.61 (0.50 g, 1.6 mmol) in DCM yielding 5.75 as a
colourless oil (0.49 g, 62 %) after purification by flash chromatography (DCM/MeOH 100/0 — 95/5
v/v). *H-NMR (300 MHz, CD;0D): & (ppm) ; *C-NMR (75 MHz, CD;0OD): & (ppm) 28.85 (+, C(CHs)3),
30.38 (-, O-CH,-CH,-CH,-NH), 30.52 (-, CO-CH,), 30.96 (-, O-CH,-CH,-CH,-NH), 31.52 (-, CO-CH,), 37.91
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(-, NH-CH,), 38.76 (-, NH-CH,), 67.40 (-, Ph-CH,), 69.91 (-, 2x O-CH,-CH,-CH,-NH), 71.27 (-, 2x O-CH,),
71.59 (-, 2x O-CH,), 79.90 (Cguat, C(CH3)3), 129.21 (+, 2 Ph-C + Ph-C-4), 129.58 (+, Ph-C), 137.65 (Cqua,
Ph-C-1), 174.09 (Cquat, €=0), 174.18 (Cqust, €=0). MS (ES, MeCN/0.1 % FA) m/z (%): 511 (65) [M+H]",
528 (100) [M+NH,]". C6H4N,05 (510.62).

General procedure for the Boc-deprotection group
Compound 5.50 or 5.55 was dissolved in DCM prior to the addition of TFA yielding a concentration of

50 % TFA. The reaction mixture was stirred at room temperature for 3- 5 h until deprotection was
complete (control by TLC). Subsequently, the solvent was removed under reduced pressure and the

product was dried in vacuo.

Benzyl 4-(2-aminoethylamino)-4-oxobutanoate (5.52)"

The deprotection of 5.50 (3.70 g, 10.6 mmol) was carried out in 20 mL DCM adding 20 mL TFA. Drying
in vacuo afforded the product as a pale yellow oil (3.80 g, 99 %). "H-NMR (300 MHz, CD;0D): § (ppm)
2.54 (t, °J = 6.6 Hz, 2H, CO-CH,), 2.69 (t, °J = 6.5 Hz, 2H, CO-CH,), 3.02 (t, >/ = 5.9 Hz, 2H, CH,-NH,),
3.37 = 3.50 (m, 4H, 2x NH-CH,), 5.12 (s, 2H, Ph-CH,), 7.20 — 7.45 (m, 5H, Ph-H); *C-NMR (75 MHz,
CD30D): & (ppm) 30.20 (-, CO-CH,), 31.19 (-, CO-CH,), 38.18 (-, CH,-NH,), 40.94 (-, NH-CH,), 67.54 (-,
Ph-CH,), 129.21 (+, 2 Ph-C), 129.27 (+, Ph-C-4), 129.59 (2 Ph-C), 137.54 (Cquar, Ph-C-1), 174.45 (Cquat,
C=0), 175.72 (Cquat, €=0). MS (ES, MeCN/0.1% FA) m/z (%): 251 (100) [M+H]’, 501 (50) [2M+H]".
Ci3H1sN,05 (250.29).

Benzyl 4-{2-[4-(2-aminoethylamino)-4-oxobutanamido]ethylamino}-4-oxobutanoate (5.57)

The deprotection of 5.55 (0.55 g, 1.1 mmol) was carried out in 5 mL DCM adding 20 mL TFA. Drying in
vacuo afforded the product as a pale yellow oil (0.56 g, 99 %). "H-NMR (300 MHz, CD;0D): & (ppm)
2.39 — 2.54 (m, 6H, CO-CH,-CH,-CO + CO-CH,), 2.67 (t, >J = 6.7 Hz, 2H, O-CO-CH,), 3.05 (t, >/ = 5.3 Hz,
2H, CHy-NH,), 3.20 — 3.29 (m, 4H, 2x NH-CH,), 3.45 (t, °J = 5.4 Hz, 2H, NH-CH,-CH,-NH,) 5.12 (s, 2H,
Ph-CH,), 7.28 — 7.37 (m, 5H, Ph-H); *C-NMR (75 MHz, CD;0D): & (ppm) 30.40 (-, CO-CH,), 31.43 (-,
CO-CH,), 31.84 (-, CO-CH,), 32.09 (-, CO-CH,), 37.99 (-, CH,-NH,), 39.82 (-, NH-CH,), 40.13 (-, NH-CH,),
41.21 (-, NH-CH,), 67.48 (-, Ph-CH,), 129.18 (+, 2 Ph-C), 129.25 (+, Ph-C-4), 129.59 (2 Ph-C), 137.59
(Cquaty Ph-C-1), 174.34 (Cquat, €=0), 174.71 (Cquat, €=0), 175.12 (Cquat, €=0), 176.35 (Cquat, €=0).MS (ESI,
MeCN/0.1% FA) m/z (%): 393 (100) [M+H]". C19H,sN4Os - TFA (506.47).

General procedure for the cleavage of the benzyl ester group
The compound 5.50, 5.53, 5.55, 5.58, 5.62 and 5.63 were dissolved in MeOH. A 10 % Pd/C catalyst

was added and hydrogen was led through the vigorously stirred mixture at room temperature for 2 —
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5 h (control by TLC). The catalyst was removed by filtration over Celite and the solvent was removed
under reduced pressure. The obtained products were used for the next step without further

purification.

4-[2-(tert-Butoxycarbonylamino)ethylamino]-4-oxobutanoic acid (5.52)

The title compound was prepared by hydrogenolysis of 5.50 (1.50 g, 4.3 mmol) in 100 mL MeOH in
the presence of 10 % Pd/C (150 mg) catalyst yielding 5.52 as white solid (1.10 g, 99 %).'"H-NMR
(300 MHz, CD;0D): & (ppm) 1.43 (s, 9H, C(CHs)3), 2.45 (t, °J = 7.1 Hz, 2H, CO-CH,), 2.58 (t, >/ = 7.0 Hz,
2H, CO-CH,), 3.13 (t, °J = 5.6 Hz, 2H, NH-CH,), 3.23 (t, °J = 5.8 Hz, 2H, NH-CH,); *C-NMR (75 MHz,
CD;0D): & (ppm) 28.78 (+, C(CHs)3), 30.45 (-, CO-CH,), 31.70 (-, CO-CH,), 40.61 (NH-CH,), 40.88 (NH-
CH,), 80.17 (Cquat, C(CH3)3), 174.97 (Cquat, €=0), 176.48 (Cquar, €=0). MS (ES, MeCN/0.1 % FA) m/z (%):
261 (20) [M+H]", 521 (40)[2M+H]*, 538 (100) [2M+H+NH,]".C1:H20N,05 (260.29).

2,2-Dimethyl-4,8,13-trioxo-3-oxa-5,9,12-triazahexadecan-16-oic acid (5.54)

The title compound was prepared by hydrogenolysis of 5.53 (0.50 g, 1.2 mmol) in 50 mL MeOH in the
presence of 10 % Pd/C (50 mg) catalyst yielding 5.54 as white solid (0.39 g, 98 %). "H-NMR (300 MHz,
CD;0D): & (ppm) 1.42 (s, 9H, C(CHs)s), 2.35 (t, 3) = 6.7 Hz, CO-CH,-CH,-NH) 2.45 (t, °J = 6.9 Hz, 2H, CO-
CH,), 2.5 (t, °J = 6.8 Hz, 2H, CO-CH,), 3.21 — 3.37 (m, overlap with solvent, 10H, 5x NH-CH,),; *C-NMR
(75 MHz, CDs0D): & (ppm) 28.79 (+, C(CHs)3), 30.90 (-, CO-CH,), 31.98 (-, CO-CH,), 37.49 (-, CO-CH,-
CH,-NH), 38.07 (-, CO-CH,-CH,-NH), 39.95 (NH-CH,), 40.06 (NH-CH,), 80.17 (Cquat, C(CH3)3), 174.32
(Cquaty €=0), 175.24 (Cquar, €=0), 177.04 (Cquar, €=0). MS (ES, MeCN/0.1 % FA) m/z (%): 332 (100)
[M+H]", 649 (50) [M+NH,4]", 663 (70) [2M+H]", 680 (90) [2M+NH,]". C14H,sN30¢ (331.36).

2,2-Dimethyl-4,9,12,17-tetraoxo-3-oxa-5,8,13,16-tetraazaicosan-20-oic acid (5.56)

The title compound was prepared by hydrogenolysis of 5.55 (0.30 g, 0.61 mmol) in 100 mL MeOH in
the presence of 10 % Pd/C (30 mg) catalyst yielding 5.56 as white solid (0.24 g, 98 %). '"H-NMR
(300 MHz, CD;0D): & (ppm) 1.43 (s, 9H, C(CHs)3), 2.39 — 2.48 (m, 6H, CO-CH,-CH,-CO + CO-CH,), 2.39
— 2.56 (m, 2H, CO-CH,), 3.09 — 3.18 (m, 2H, NH-CH,), 3.19 — 3.29 (m, 6H, NH-CH,-CH,-N + NH-CH,);
BC-NMR (75 MHz, CD;0D): & (ppm) 28.80 (+, C(CHs)3), 32.40 (-, CO-CH,), 32.45 (-, CO-CH,), 32.84 (-,
CO-CH,), 33.05 (-, CO-CH,), 39.89 (-, NH-CH,), 40.13 (-, NH-CH,), 40.61 (-, NH-CH,), 40.88 (-, NH-CH,),
80.15 (Cquat, €(CH3)s3), 175.07 (Cqua, €=0), 175.10 (Cquar, 2x €=0), 175.89 (Cqua, €=0). MS (ES,
MeCN/0.1% FA) m/z (%): 403 (100) [M+H]". C17H3oN,0; (402.44).
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2,2-Dimethyl-4,8,13,16,21-pentaoxo-3-oxa-5,9,12,17,20-pentaazatetracosan-24-oic acid (5.59)

The title compound was prepared by hydrogenolysis of 5.58 (0.35 g, 0.62 mmol) in 150 mL MeOH in
the presence of 10 % Pd/C (35 mg) catalyst yielding 5.59 as white solid (0.29 g, 99 %). "H-NMR
(300 MHz, DMSO-dg): & (ppm) 1.36 (s, 9H, C(CHs)3), 2.20 (t, °J = 7.2 Hz, CO-CH,-CH,-NH) 2.24 — 2.32
(m, 6H, CO-CH,-CH,-O + CO-CH,), 2.39 (t, ®/ = 6.6 Hz, 2H, CO-CH,), 2.98 — 3.16 (m, 10H, 2x NH-CH.-
CH,-NH + CH,-NHBoc), 6.74 (t, °J = 5.4 Hz, 1H, NH), 7.80 — 8.00 (m, 4 H, 4x NH); >C-NMR (75 MHz,
DMSO-dg): & (ppm) 28.11 (+, C(CH3)3), 29.52 (-, CO-CH,), 30.26 (-, CO-CH,), 30.79 (-, 2x CO-CH,), 35.71
(-, CO-CH,-CH,-NH), 36.58 (-, CO-CH,-CH,-NH), 38.19 (-, 2x NH-CH,-CH,-NH), 77.49 (Cquat, C(CHs)s),
170.42 (Cquat, €=0), 171.32 (Cquat, €=0), 171.50 (Cquat, €=0), 171.53 (Cquat, €=0), 174.05 (Cquat, €=0). MS
(ES, MeCN/ 0.1 % FA) m/z (%): 474 (100) [M+H]". CyoH3sNsOg (473.52).

2,2-Dimethyl-4,15-dioxo-3,8,11-trioxa-5,14-diazaoctadecan-18-oic acid (5.64) *°

The title compound was prepared by hydrogenolysis of 5.62 (0.40 g, 0.91 mmol) in 50 mL MeOH in
the presence of 10 % Pd/C (40 mg) catalyst yielding 5.64 as colourless oil (0.31 g, 98 %). "H-NMR (300
MHz, CD;0D): & (ppm) 1.43 (s, 9H, C(CHs)s), 2.47 (t, >J = 6.4 Hz, 2H, CO-CH,), 2.56 (t, °J = 6.6 Hz, 2H,
CO-CH,), 3.22 (t, 3) = 6.8 Hz, 2H, NH-CH,), 3.31 — 3.39 (m, overlap with solvent, 2H, NH-CH,), 3.46 —
3.56 (m, 4H, O-CH,-CH,-0), 3.57 — 3.64 (m, 4H, 2x O-CH,-CH,-CH,-NH); *C-NMR (75 MHz, CD;0D): &
(ppm) 28.80 (+, C(CHs)3), 30.93 (-, CO-CH;), 31.90 (-, CO-CH,), 40.42 (-, NH-CH;), 31.90 (-, NH-CH,),
70.66 (-, O-CH,-CH,-CH,-NH), 71.13 (-, O-CH,-CH,-CH,-NH), 71.33 (-, O-CH,), 71.35 (O-CH,), 80.14
(Cquatr €(CH3)3), 174.88 (Cquat, €=0), 176.84 (Cquar, €=0). MS (ES, MeCN/0.1 % FA) m/z (%): 349 (70)
[M+H]", 697 (50) [2M+H]", 714 (100) [2M+NH,]". C15H2sN,07 (348.39).

2,2-Dimethyl-4,20-dioxo-3,9,12,15-tetraoxa-5,19-diazatricosan-23-oic acid (5.65) *°

The title compound was prepared by hydrogenolysis of 5.63 (0.45 g, 0.91 mmol) in 50 mL MeOH in
the presence of 10 % Pd/C (45 mg) catalyst yielding 5.65 as a colourless oil (0.38 g, 99 %). '"H-NMR
(300 MHz, CD;0D): & (ppm) 1.43 (s, 9H, C(CHs)3), 1.65 — 1.83 (m, 4H, 2x O-CH,-CH,-CH,-NH), 2.44 (t, °J
= 6.5 Hz, 2H, CO-CH,), 2.5 (t, °J = 6.4 Hz, 2H, CO-CH,), 3.12 (t, *J = 6.8 Hz, 2H, NH-CH,), 3.25 (t, >/ = 6.8
Hz, 2H, NH-CH,), 3.46 — 3.55 (m, 4H, 2x O-CH,-CH,-CH,-NH), 3.55 — 3.67 (m, 8H, 2x O-CH,-CH,-0); **C-
NMR (75 MHz, CD;0D): & (ppm) 28.84 (+, C(CHs)s), 30.42 (-, O-CH,-CH,-CH,-NH), 30.96 (-, O-CH,-CH,-
CH,-NH), 31.35 (-, CO-CH,), 32.23 (-, CO-CH,), 37.83 (-, NH-CH,), 38.73 (-, NH-CH,), 69.88 (-, O-CH,-
CH,-CH>-NH), 69.91 (-, O-CH,-CH,-CH,-NH), 71.27 (-, O-CH,-CH,-0), 71.58 (O-CH,-CH»-0), 79.91 (Cquat,
C(CH3)3), 174.82 (Cquat, €=0), 177.18 (Cquar, €=0). MS (ESI, MeCN/0.1 % FA) m/z (%): 421 (100) [M+H]",
438 (95) [M+NH,4]", 841 (45) [2M+H]", 859 (60) [2M+NH,]". C;15H36N,0g (420.50).
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5.7.2.3  Preparation of (S)- and (R)-Configured Monovalent Ligands 5.66 — 5.71

General procedure for the synthesis of monovalent argininamide-type compounds 5.66 — 5.71

The spacers 5.52, 5.54, 5.56, 5.59, 5.64 or 5.65 (1 eq), TBTU (1.2 eq), HOBt (1.2 eq) and DIEA (2.0 eq)
were dissolved in DMF,,s under argon atmosphere and stirred for 20 min at room temperature. To
this mixture a solution of the building block (S)-5.44 or (R)-5.44 (1 eq) in DMF,,; was added and
stirred overnight. After removal of the solvent under reduced pressure, the crude product was
dissolved in EtOAc and washed with water. The organic phase was then dried over MgSO, and
concentrated in vacuo. Subsequently, the Boc protection group was removed with 50 % TFA.
Therefore the residue was dissolved in DCM. TFA (50% final concentration) was added and the
reaction mixture was stirred until the deprotection was complete (3 —5 h, TLC control). After removal
of the solvent in vacuo, the crude product was purified by preparative RP-HPLC (column: Gemini-NX
C18, 250 x 21 mm, 5 um, AXIA Packed; flow: 18 mL/min; gradient: A/B 10/90 to 60/40 in 30 min).

Acetonitrile was removed under reduced pressure and the residue was subjected to lyophilisation.

(S)-N'-{9-Amino-4-(2,2-diphenylacetamido)-3,11-dioxo-1-[4-(ureidomethyl)phenyl]-2,8,10,12-
tetraazatetradec-9-en-14-yl}-N*-(2-aminoethyl)succinamide ((S)-5.66)

The title compound was prepared from 5.52 (47 mg, 0.179 mmol), TBTU (69 mg, 0.214 mmol), HOBt
(29 mg, 0.214 mmol), DIEA (93 puL, 0.436 mmol) in 5 mL DMF,p and ($)-5.44 (110 mg, 0.179 mmol) in
32 mL DMF,, according to the general procedure. Deprotection was carried out in 3 mL DCM and
3 mL TFA. Purification by RP-HPLC afforded the product as a white fluffy solid (42 mg, 24 %). *H-NMR
(600 MHz, CD;0D, COSY, HSQC): & (ppm) 1.48 — 1.62 (m, 2H, CH-CH,-CH,), 1.67 — 1.77 (m, 1H, CH-
CH,-CH,), 1.80 — 1.89 (m, 1H, CH-CH,-CH,), 2.44 (t, °J = 6.5 Hz, 2H, CO-(CH,),-C0), 2.51 (t, >J = 6.6 Hz,
CO-(CH,),-CO ), 3.02 (t, *J = 5.7 Hz, 2H, NH-CH,-CH,-NH,), 3.19 — 3.26 (m, 2H, CH-(CH,),-CH,-NH), 3.27
—3.31 (m, overlap with solvent, 4H, NH-CO-NH-(CH,),-NH), 3.42 (t, 3J = 5.8 Hz, 2H, NH-CH,-CH,-NH,),
4.26 (s, 2H, Ar-CH,-NH-CO-NH,), 4.27 — 4.39 (m, 2H, Ar-CH,-NH), 4.40 — 4.45 (m, 1H, CH-CH,-CH,),
5.07 (s, 1H, (Ph),-CH), 7.16 — 7.22 (m, 4H, CH,-C¢H,-CH,), 7.23 — 7.33 (m, 10 H, Ph-H); *C-NMR (150
MHz, CD;0D, HSQC) 25.70 (CH-CH,-CH,), 30.25 (CH-CH,-CH,), 31.75 (CO-(CH,),-CO), 31.93 (CO-(CH,),-
CO), 37.95 (NH-CH,-CH,-NH,), 40.02 (NH-CO-NH-(CH,),-NH), 40.19 (NH-CO-NH-(CH,),-NH), 41.20 (NH-
CH,-CH,-NH,), 41.73 ((CH,),-CH,-NH-), 43.80 (NH-CH,-Ar), 44.32 (Ar-CH,-NH-CO-NH,), 54.35 (CH-CH,-
CH,), 58.68 ((Ph),-CH), 128.14 (diPh-C-4), 128.22 (diPh-C-4), 128.34 (2 Ph-C), 128.64 (2 Ph-C), 129.51
(2 diPh-C), 129.55 (2 diPh-C), 129.86 (2 diPh-C), 129.90 (2 diPh-C), 138.40 (Ph-C-1), 140.85 (Ph-C-4),
140.96 (2 diPh-C-1), 155.71 (NH-CNH,-NH), 155.81 (NH-CO-NH), 162.13 (Ar-CH,-NH-CO-NH,), 173.56
(CO-NH-CH,-Ar), 174.84 ((Ph),-CH-CO), 175.21 (CO-(CH,),-CO)), 176.31 (CO-NH-CH,-CH,-NH,); anal.
RP-HPLC: 100 % (tg = 12.60 min, k€’ = 3.13); HRMS (ESI): m/z calcd. for [C3gHsiN11:0g+H]™ 758.4097,
found 758.4103. C3gHs1N;;06 - 2TFA (985.92).
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(R)-N'-{9-Amino-4-(2,2-diphenylacetamido)-3,11-dioxo-1-[4-(ureidomethyl)phenyl]-2,8,10,12-
tetraazatetradec-9-en-14-yl}-N*-(2-aminoethyl)succinamide ((R)-5.66)

The title compound was prepared from 5.52 (34 mg, 0.130 mmol), TBTU (50 mg, 0.156 mmol), HOBt
(21 mg, 0.156 mmol), DIEA (68 pL, 0.390 mmol) in 5 mL DMF,; and (R)-5.44 (80 mg, 0.130 mmol) in
2 mL DMF,,s according to the general procedure. Deprotection in 3 mL DCM and 3 mL TFA and
subsequent purification by RP-HPLC afforded the product as a white fluffy solid (28 mg, 22 %). 'H-
NMR (600 MHz, CD;0D, COSY, HSQC): 6 (ppm) 1.47 — 1.63 (m, 2H, CH-CH,-CH,), 1.67 — 1.77 (m, 1H,
CH-CH,-CH,), 1.79 — 1.89 (m, 1H, CH-CH,-CH,), 2.44 (t, >J = 6.8 Hz, 2H, CO-(CH,),-C0), 2.51 (t, °J = 6.7
Hz, CO-(CH,),-CO ), 3.02 (t, 3J = 5.6 Hz, 2H, NH-CH,-CH,-NH,), 3.17 — 3.26 (m, 2H, CH-(CH,),-CH,-NH),
3.27 — 3.31 (m, overlap with solvent, 4H, NH-CO-NH-(CH,),-NH), 3.42 (t, %)= 5.8 Hz, 2H, NH-CH,-CH,-
NH,), 4.26 (s, 2H, Ar-CH,-NH-CO-NH,), 4.27 — 4.39 (m, 2H, Ar-CH,-NH), 4.40 — 4.45 (m, 1H, CH-CH,-
CH,), 5.07 (s, 1H, (Ph),-CH), 7.16 — 7.22 (m, 4H, CH,-C¢H4-CH,), 7.23 — 7.33 (m, 10 H, Ph-H); *C-NMR
(150 MHz, CD;0D, HSQC) 25.70 (CH-CH,-CH,), 30.25 (CH-CH,-CH,), 31.75 (CO-(CH,),-CO), 31.93 (CO-
(CH,),-CO), 37.95 (NH-CH,-CH,-NH,), 40.02 (NH-CO-NH-(CH,),-NH), 40.20 (NH-CO-NH-(CH.,),-NH),
41.20 (NH-CH,-CH,-NH,), 41.73 ((CH,),-CH,-NH-), 43.80 (NH-CHy-Ar), 44.32 (Ar-CH,-NH-CO-NH,),
54.35 (CH-CH,-CH,), 58.68 ((Ph),-CH), 128.14 (diPh-C-4), 128.22 (diPh-C-4), 128.34 (2 Ph-C), 128.65 (2
Ph-C), 129.51 (2 diPh-C), 129.55 (2 diPh-C), 129.86 (2 diPh-C), 129.90 (2 diPh-C), 138.41 (Ph-C-1),
140.85 (Ph-C-4), 140.96 (2 diPh-C-1), 155.72 (NH-CNH,-NH), 155.79 (NH-CO-NH), 162.14 (Ar-CH,-NH-
CO-NH,), 173.55 (CO-NH-CH,-Ar), 174.83 ((Ph),-CH-CO), 175.21 (€CO-(CH;),-C0O)), 176.31 (CO-NH-CH,-
CH,-NH,); anal. RP-HPLC: 100 % (tz = 12.44 min, k' = 3.08); HRMS (ESI): m/z calcd. for [C3gHs1N1,06+H]"
758.4097, found 758.4095. C3gHs;N1;0¢ - 2TFA (985.92).

(S)-N'-{9-Amino-4-(2,2-diphenylacetamido)-3,11-dioxo-1-[4-(ureidomethyl)phenyl]-2,8,10,12-
tetraazatetradec-9-en-14-yl}-N*-[2-(3-aminopropanamido)ethyl]succinamide ((S)-5.67)

The title compound was prepared from 5.54 (59 mg, 0.179 mmol), TBTU (69 mg, 0.214 mmol), HOBt
(29 mg, 0.214 mmol), DIEA (93 L, 0.436 mmol) in 5 mL DMF,, and ($)-5.44 (110 mg, 0.179 mmol) in
3 mL DMF,,s according to the general procedure. Deprotection in 3 mL DCM and 3 mL TFA and
purification by RP-HPLC afforded the product as a white solid (45 mg, 24 %). ‘H-NMR (600 MHz,
CDs0D, COSY, HSQC): & (ppm) 1.47 —1.63 (m, 2H, CH-CH,-CH,), 1.67 — 1.76 (m, 1H, CH-CH,-CH,), 1.80
—1.89 (m, 1H, CH-CH,-CH,), 2.41 — 2.50 (m, 4H, CO-CH,-CH,-CO ), 2.55 (t, *J = 6.3 Hz, 2H, CO-CH,-CH,-
NH,), 3.15 (t, °J = 6.3 Hz, 2H, CO-CH,-CH,-NH,), 3.19 — 3.26 (m, 2H, CH-(CH,),-CH,-NH), 3.25 — 3.31 (m,
overlap with solvent, 8H, 2x NH-(CH,),-NH), 4.26 (s, 2H, Ar-CH,-NH-CO-NH,), 4.27 — 4.39 (m, 2H, Ar-
CH,-NH), 4.40 — 4.45 (m, 1H, CH-CH,-CH,), 5.08 (s, 1H, (Ph),-CH), 7.16 — 7.22 (m, 4H, CH,-C¢H,-CH,),
7.23 = 7.33 (m, 10 H, Ph-H); C-NMR (150 MHz, CD;0D, HSQC) 25.72 (CH-CH,-CH,), 30.27 (CH-CH,-
CH,), 31.75 (-CO-(CH,),-C0O), 31.93 (CO-(CH,),-CO), 32.89 (CO-CH,-CH,-NH,), 37.11 (CO-CH,-CH,-NH,),
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39.79 (NH-(CH,),-NH), 39.92 (NH-(CH,),-NH), 40.18 (NH-(CH,),-NH,), 40.38 (NH-(CH,),-NH,), 41.74
((CH,),-CH,-NH-), 43.80 (NH-CH,-Ar), 44.34 (Ar-CH,-NH-CO-NH,), 54.36 (CH-CH,-CH,), 58.67 ((Ph),-
CH), 128.14 (diPh-C-4), 128.23 (diPh-C-4), 128.34 (2 Ph-C), 128.66 (2 Ph-C), 129.51 (2 diPh-C), 129.56
(2 diPh-C), 129.86 (2 diPh-C), 129.90 (2 diPh-C), 138.41 (Ph-C-1), 140.85 (Ph-C-4), 140.96 (2 diPh-C-1),
155.70 (NH-CNH»-NH), 155.75 (NH-CO-NH), 162.14 (Ar-CH,-NH-CO-NH,), 172.51 (€O-CH,-CH,-NH,),
173.55 (€CO-NH-CH,-Ar), 174.84 ((Ph),-CH-CO), 175.16 (€O-(CH,),), 175.23 (€O-(CH,),); anal. RP-HPLC:
99 % (tz = 12.45 min, kK = 3.08); HRMS (ESI): m/z calcd. for [CsHsgN1>05+H]" 829.4468 , found
829.4473. C43HseN1,07 - 2TFA (1057.00).

(R)-N"-{9-Amino-4-(2,2-diphenylacetamido)-3,11-dioxo-1-[4-(ureidomethyl)phenyl]-2,8,10,12-
tetraazatetradec-9-en-14-yl}-N*-[2-(3-aminopropanamido)ethyl]succinamide ((R)-5.67)

The title compound was prepared from 5.54 (43 mg, 0.130 mmol), TBTU (50 mg, 0.156 mmol), HOBt
(21 mg, 0.156 mmol), DIEA (68 L, 0.390 mmol) in 5 mL DMF,,s and (R)-5.44 (110 mg, 0.179 mmol) in
3 mL DMF,,s according to the general procedure. Deprotection in 3 mL DCM and 3 mL TFA and
subsequent purification by RP-HPLC afforded the product as a white fluffy solid (32 mg, 23 %).'H-
NMR (600 MHz, CD;0D): 6 (ppm) 1.47 — 1.63 (m, 2H, CH-CH,-CH,), 1.67 — 1.77 (m, 1H, CH-CH,-CH,),
1.79 - 1.89 (m, 1H, CH-CH,-CH,), 2.41 — 2.49 (m, 4H, CO-CH,-CH,-CO ), 2.55 (t, >J = 6.3 Hz, 2H, CO-CH.-
CH,-NH,), 3.15 (t, %/ = 6.3 Hz, 2H, CO-CH,-CH,-NH,), 3.19 — 3.25 (m, 2H, CH-(CH,),-CH,-NH), 3.25 —
3.31 (m, overlap with solvent, 8H, 2x NH-(CH,),-NH), 4.27 (s, 2H, Ar-CH,-NH-CO-NH,), 4.27 — 4.39 (m,
2H, Ar-CH,-NH), 4.40 — 4.45 (m, 1H, CH-CH,-CH,), 5.08 (s, 1H, (Ph),-CH), 7.16 — 7.22 (m, 4H, CH,-C¢H,-
CH,), 7.23 = 7.33 (m, 10 H, Ph-H); *C-NMR (150 MHz, CD;0D) 25.73 (CH-CH,-CH,), 30.27 (CH-CH,-
CH,), 32.00 (-CO-(CH,),-CO), 32.11 (CO-(CH,),-CO), 32.88 (CO-CH,-CH,-NH,), 37.11 (CO-CH,-CH,-NH,),
39.80 (NH-(CH,),-NH), 39.92 (NH-(CH,),-NH), 40.17 (NH-(CH,),-NH,), 40.41 (NH-(CH,),-NH,), 41.75
((CH,),-CH,-NH-), 43.80 (NH-CH,-Ar), 44.34 (Ar-CH,-NH-CO-NH,), 54.34 (CH-CH,-CH,), 58.68 ((Ph),-
CH), 128.15 (diPh-C-4), 128.23 (diPh-C-4), 128.33 (2 Ph-C), 128.67 (2 Ph-C), 129.51 (2 diPh-C), 129.56
(2 diPh-C), 129.86 (2 diPh-C), 129.90 (2 diPh-C), 138.41 (Ph-C-1), 140.85 (Ph-C-4), 140.96 (2 diPh-C-1),
155.69 (NH-CNH,-NH), 155.77 (NH-CO-NH), 162.14 (Ar-CH,-NH-CO-NH,), 172.50 (€O-CH,-CH,-NH,),
173.52 (CO-NH-CH,-Ar), 174.83 ((Ph),-CH-CO), 175.16 (CO-(CH,),), 175.23 (CO-(CH,),); anal. RP-HPLC:
99 % (tx = 12.32 min, kK = 3.04); HRMS (ESI): m/z calcd. for [CsHsgN1,07+H]" 829.4468 , found
829.4469. C41Hs6N 1,05 - 2TFA (1057.00).

(S)-N'-{9-Amino-4-(2,2-diphenylacetamido)-3,11,16,19-tetraoxo-1-[4-(ureidomethyl)phenyl]-
2,8,10,12,15,20-hexaazadocos-9-en-22-yl}-N*-(2-aminoethyl)succinamide ((S)-5.68)

The title compound was prepared from 5.56 (65 mg, 0.179 mmol), TBTU (69 mg, 0.214 mmol), HOBt
(29 mg, 0.214 mmol), DIEA (93 puL, 0.436 mmol) in 5 mL DMF,,; and ($)-5.44 (110 mg, 0.179 mmol) in
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3 mL DMF,,s according to the general procedure. Deprotection in 3 mL DCM and 3 mL TFA and
subsequent purification by RP-HPLC afforded the product as a white fluffy solid (53 mg, 29 %). ‘H-
NMR (600 MHz, CD;0D, COSY, HSQC): & (ppm) 1.47 — 1.63 (m, 2H, CH-CH,-CH,), 1.67 — 1.75 (m, 1H,
CH-CH,-CH,), 1.80 — 1.88 (m, 1H, CH-CH,-CH,), 2.42 — 2.52 (m, 8H, 2x CO-(CH,),-C0), 3.03 (t, >/ = 5.7
Hz, 2H, NH-CH,-CH,-NH,), 3.19 — 3.26 (m, 6H, CH-(CH,),-CH,-NH + NH-(CH,),-NH), 3.27 — 3.31 (m,
overlap with solvent, NH-(CH,),-NH), 3.44 (t, 3J = 5.7 Hz, 2H, NH-CH,-CH»-NH,), 4.26 (s, 2H, Ar-CH,-
NH-CO-NH;), 4.27 — 4.39 (m, 2H, Ar-CH,-NH), 4.40 — 4.45 (m, 1H, CH-CH,-CH,), 5.08 (s, 1H, (Ph),-CH),
7.16 — 7.22 (m, 4H, CH,-CsH,4-CH,), 7.23 — 7.33 (m, 10 H, Ph-H); *C-NMR (150 MHz, CD;0D, HSQC): &
(ppm) 25.73 (CH-CH,-CH,), 30.27 (CH-CH,-CH,), 31.91 (CO-(CH,),-CO), 32.02 (CO-(CH,),-CO), 32.09
(CO-(CH,),-CO), 32.13 (CO-(CH,),-CO), 37.96 (NH-CH,-CH,-NH,), 39.85 (NH-(CH,),-NH), 39.92 (NH-
(CH,),-NH), 40.00 (NH-(CH,),-NH), 40.40 (NH-(CH,),-NH), 41.18 (NH-CH,-CH,-NH,), 41.74 ((CH,),-CH,-
NH-), 43.80 (NH-CH,-Ar), 44.33 (Ar-CH,-NH-CO-NH,), 54.37 (CH-CH,-CH,), 58.67 ((Ph),-CH), 128.14
(diPh-C-4), 128.23 (diPh-C-4), 128.33 (2 Ph-C), 128.66 (2 Ph-C), 129.51 (2 diPh-C), 129.56 (2 diPh-C),
129.86 (2 diPh-C), 129.90 (2 diPh-C), 138.41 (Ph-C-1), 140.86 (Ph-C-4), 140.96 (2 diPh-C-1), 155.70
(NH-CNH,-NH), 155.75 (NH-CO-NH), 162.14 (Ar-CH,-NH-CO-NH,), 173.56 (CO-NH-CH,-Ar), 174.84
((Ph),-CH-€CO), 175.10 (€O-(CH,),-C0O), 175.14 (€CO-NH-CH,-CH,), 175.20 (€O-(CH,),-C0O), 176.28 (CO-
NH-CH,-CH,-NH,); anal. RP-HPLC: 100 % (tz = 12.37 min, kK’ = 3.06); HRMS (ESI): m/z calcd. for
[C4aHe1N130g+H]" 900.4839 , found 900.4845. Ca4He1N130g - 2TFA (1128.08).

(R)-N'-{9-amino-4-(2,2-diphenylacetamido)-3,11,16,19-tetraoxo-1-[4-(ureidomethyl)phenyl]-
2,8,10,12,15,20-hexaazadocos-9-en-22-yl}-N*-(2-aminoethyl)succinamide ((R)-5.68)

The title compound was prepared from 5.56 (65 mg, 0.179 mmol), TBTU (69 mg, 0.214 mmol), HOBt
(29 mg, 0.214 mmol), DIEA (93 L, 0.436 mmol) in 5 mL DMF,,s and (R)-5.44 (80 mg, 0.130 mmol) in 3
mL DMF,,s according to the general procedure. Deprotection in 3 mL DCM and 3 mL TFA and
subsequent purification by RP-HPLC afforded the product as a white fluffy solid (18 mg, 12 %). 'H-
NMR (600 MHz, CD;0D): & (ppm) 1.48 — 1.63 (m, 2H, CH-CH,-CH,), 1.67 — 1.75 (m, 1H, CH-CH,-CH,),
1.79 — 1.88 (m, 1H, CH-CH,-CH,), 2.42 — 2.52 (m, 8H, 2x CO-(CH,),-C0O), 3.03 (t, >J = 5.7 Hz, 2H, NH-
CH,-CH,-NH,;), 3.19 — 3.26 (m, 6H, CH-(CH,),-CH,-NH + NH-(CH,),-NH), 3.27 — 3.31 (m, overlap with
solvent, NH-(CH,),-NH), 3.44 (t, °J = 5.6 Hz, 2H, NH-CH,-CH,-NH,), 4.27 (s, 2H, Ar-CH,-NH-CO-NH,),
4.27 — 4.39 (m, 2H, Ar-CH,-NH), 4.41 — 4.45 (m, 1H, CH-CH,-CH,), 5.07 (s, 1H, (Ph),-CH), 7.16 — 7.22
(M, 4H, CH,-CeH4-CH,), 7.23 — 7.33 (m, 10 H, Ph-H); C-NMR (150 MHz, CD;0D): & (ppm) 25.73 (CH-
CH,-CH,), 30.29 (CH-CH,-CH;), 31.88 (CO-(CH,),-CO), 32.00 (CO-(CH,),-CO), 32.08 (CO-(CH,),-CO),
32.11 (CO-(CH,),-CO), 37.96 (NH-CH,-CH,-NH,), 39.86 (NH-(CH,),-NH), 39.91 (NH-(CH,),-NH), 40.01
(NH-(CH3),-NH), 40.45 (NH-(CH,),-NH), 41.20 (NH-CH,-CH,-NH,), 41.76 ((CH,),-CH,-NH-), 43.81 (NH-
CH,-Ar), 44.31 (Ar-CH,-NH-CO-NH,), 54.33 (CH-CH,-CH;), 58.68 ((Ph),-CH), 128.16 (diPh-C-4), 128.24
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(diPh-C-4), 128.33 (2 Ph-C), 128.68 (2 Ph-C), 129.52 (2 diPh-C), 129.56 (2 diPh-C), 129.86 (2 diPh-C),
129.91 (2 diPh-C), 138.41 (Ph-C-1), 140.86 (Ph-C-4), 140.97 (2 diPh-C-1), 155.68 (NH-CNH,-NH),
155.70 (NH-CO-NH), 162.15 (Ar-CH,-NH-CO-NH,), 173.51 (CO-NH-CH,-Ar), 174.83 ((Ph),-CH-CO),
175.10 (CO-(CH,),-CO), 175.14 (CO-NH-CH,-CH,), 175.21 (CO-(CH,),-CO), 176.30 (CO-NH-CH,-CH,-
NH,); anal. RP-HPLC: 100 % (tz = 12.19 min, kK’ = 3.00); HRMS (ESI): m/z calcd. for [CasHeiN130g+H]*
900.4839, found 900.4842. C44Hs1N1305 - 2TFA (1128.08).

(S)-N"-{9-Amino-4-(2,2-diphenylacetamido)-3,11,16,19-tetraoxo-1-[4-(ureidomethyl)phenyl]-
2,8,10,12,15,20-hexaazadocos-9-en-22-yl}-N*-[2-(3-aminopropanamido)ethyl]succinamide
((S)-5.69)

The title compound was prepared from 5.59 (62 mg, 0.130 mmol), TBTU (50 mg, 0.156 mmol), HOBt
(21 mg, 0.156 mmol), DIEA (68 L, 0.390 mmol) in DMF,,s and (S)-5.44 (80 mg, 0.130 mmol) in DMF
according to the general procedure. Deprotection in 3 mL DCM and 3 mL TFA and subsequent
purification by RP-HPLC afforded the product as a white solid (27 mg, 17 %). ‘H-NMR (600 MHz,
CD;0D, COSY, HSQC): 6 (ppm) 1.48 — 1.64 (m, 2H, CH-CH,-CH,), 1.67 — 1.75 (m, 1H, CH-CH,-CH,), 1.79
—1.89 (m, 1H, CH-CH,-CH,), 2.39 — 2.51 (m, 8H, CO-CH,-CH,-CO ), 2.55 (t, °J = 6.4 Hz, 2H, CO-CH,-CH,-
NH,), 3.16 (t, */ = 6.3 Hz, 2H, CO-CH,-CH,-NH,), 3.19 — 3.29 (m, 10H, CH-(CH,),-CHo-NH + 2 NH-(CH.,),-
NH), 3.29 —3.32 (m, overlap with solvent, 2H, 2x NH-(CH,),-NH), 4.27 (s, 2H, Ar-CH,-NH-CO-NH,), 4.27
—4.39 (m, 2H, Ar-CH,-NH), 4.41 — 4.46 (m, 1H, CH-CH,-CH,), 5.08 (s, 1H, (Ph),-CH), 7.16 — 7.22 (m, 4H,
CH,-CeH4-CH,), 7.23 — 7.33 (m, 10 H, Ph-H); *C-NMR (150 MHz, CD;0D, HSQC): & (ppm) 25.72 (CH-
CH,-CH;), 30.29 (CH-CH,-CH,), 32.04 (-CO-CH,), 32.15 (CO-CH,), 32.16 (CO-CH,), 32.17 (CO-CH,), 32.94
(CO-CH,-CH,-NH,), 37.12 (CO-CH,-CH,-NH,), 39.79 (NH-(CH,),-NH), 39.90 (2 NH-(CH,),-NH), 39.97
(NH-(CH,),-NH), 40.19 (NH-(CH,),-NH,), 40.46 (NH-(CH,),-NH,), 41.75 ((CH,),-CH,-NH-), 43.80 (NH-
CH,-Ar), 44.31 (Ar-CH,-NH-CO-NH,), 54.36 (CH-CH,-CH,), 58.67 ((Ph),-CH), 128.14 (diPh-C-4), 128.23
(diPh-C-4), 128.33 (2 Ph-C), 128.66 (2 Ph-C), 129.51 (2 diPh-C), 129.56 (2 diPh-C), 129.86 (2 diPh-C),
129.90 (2 diPh-C), 138.41 (Ph-C-1), 140.86 (Ph-C-4), 140.97 (2 diPh-C-1), 155.68 (NH-CNH,-NH),
155.73 (NH-CO-NH), 162.14 (Ar-CH,-NH-CO-NH,), 172.49 (CO-CH,-CH,-NH,), 173.54 (CO-NH-CH,-Ar),
174.83 ((Ph),-CH-C0), 175.10 (€=0), 175.14 (€C=0), 175.20 (C=0), 175.16 (C=0), 175.23 (C=0); anal.
RP-HPLC: 99 % (tx = 12.28 min, kK’ = 3.06); HRMS (ESI): m/z calcd. for [C47HggN14Oo+H]" 971.5210 ,
found 971.5213. C47HesN 1409 - 2TFA (1199.16).
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(R)-N*'-{9-amino-4-(2,2-diphenylacetamido)-3,11,16,19-tetraoxo-1-[4-(ureidomethyl)phenyl]-
2,8,10,12,15,20-hexaazadocos-9-en-22-yl}-N*-[2-(3-aminopropanamido)ethyl]succinamide
((R)-5.69)

The title compound was prepared from 5.59 (62 mg, 0.130 mmol), TBTU (50 mg, 0.156 mmol), HOBt
(21 mg, 0.156 mmol), DIEA (68 L, 0.390 mmol) in 5 mL DMF,s and (R)-5.44 (80 mg, 0.130 mmol) in
3 mL DMF,,s according to the general procedure. Deprotection in 3 mL DCM and 3 mL TFA and
subsequent purification by RP-HPLC afforded the product as a white solid (22 mg, 14 %). "H-NMR
(600 MHz, CD3;0D): 6 (ppm) 1.49 — 1.62 (m, 2H, CH-CH,-CH,), 1.69 — 1.78 (m, 1H, CH-CH,-CH,), 1.83 —
1.92 (m, 1H, CH-CH,-CH,), 2.43 — 2.53 (m, 8H, CO-CH,-CH,-CO ), 2.55 (t, ) = 6.4 Hz, 2H, CO-CH,-CH,-
NH,), 3.20 (t, 3= 6.4 Hz, 2H, CO-CH,-CH,-NH,), 3.23 — 3.29 (m, 10H, CH-(CH,),-CH,-NH + 2 NH-(CH,),-
NH), 3.29 —3.32 (m, overlap with solvent, 2H, 2x NH-(CH,),-NH), 4.30 (s, 2H, Ar-CH,-NH-CO-NH,), 4.31
—4.43 (m, 2H, Ar-CH,-NH), 4.44 — 4.49 (m, 1H, CH-CH,-CH,), 5.11 (s, 1H, (Ph),-CH), 7.20 — 7.25 (m, 4H,
CH,-C¢Ha-CH,), 7.26 — 7.36 (m, 10 H, Ph-H); *C-NMR (150 MHz, CD;0D): & (ppm) 25.73 (CH-CH,-CH,),
30.30 (CH-CH,-CH,), 32.03 (-CO-(CH,),-CO), 32.14 (CO-CH,), 32.16 (2 CO-CH,), 32.94 (CO-CH,-CH,-
NH,), 37.14 (CO-CH,-CH,-NH,), 39.80 (NH-(CH,),-NH), 39.90 (2 NH-(CH,),-NH), 39.98 (NH-(CH,),-NH),
40.19 (NH-(CH,),-NH,), 40.48 (NH-(CH,),-NH,), 41.77 ((CH,),-CH,-NH-), 43.80 (NH-CH,-Ar), 44.34 (Ar-
CH,-NH-CO-NH,), 54.35 (CH-CH,-CH,), 58.68 ((Ph),-CH), 128.15 (diPh-C-4), 128.23 (diPh-C-4), 128.33
(2 Ph-C), 128.68 (2 Ph-C), 129.52 (2 diPh-C), 129.56 (2 diPh-C), 129.86 (2 diPh-C), 129.91 (2 diPh-C),
138.42 (Ph-C-1), 140.87 (Ph-C-4), 140.97 (2 diPh-C-1), 155.66 (NH-CNH,-NH), 155.71 (NH-CO-NH),
162.14 (Ar-CH,-NH-CO-NH,), 172.49 (€O-CH,-CH,-NH,), 173.52 (€CO-NH-CH,-Ar), 174.82 ((Ph),-CH-CO),
175.10 (2x €=0), 175.21 (€=0), 175.26 (€C=0); anal. RP-HPLC: 100 % (tg = 12.09 min, k’ = 2.96); HRMS
(ESI): m/z calcd. for [C47HegN1409+H]" 971.5210 , found 971.5208. C47HgsN1400 - 2TFA (1199.16).

(S)-N"-{9-amino-4-(2,2-diphenylacetamido)-3,11-dioxo-1-[4-(ureidomethyl)phenyl]-2,8,10,12-tetra-
azatetradec-9-en-14-yl}-N"-{2-[2-(2-aminoethoxy)ethoxy]ethyl}succinamide ((S)-5.70)

The title compound was prepared from 5.64 (62 mg, 0.179 mmol), TBTU (69 mg, 0.214 mmol), HOBt
(29 mg, 0.214 mmol), DIEA (93 L, 0.436 mmol) in 5 mL DMF,, and ($)-5.44 (110 mg, 0.179 mmol) in
3 mL DMPF,,s according to the general procedure. Deprotection in 3 mL DCM and 3 mL TFA and
subsequent purification by RP-HPLC afforded the product as a white fluffy solid (19 mg, 10 %). ‘H-
NMR (600 MHz, CD;0D, COSY, HSQC): & (ppm) 1.47 — 1.62 (m, 2H, CH-CH,-CH,), 1.66 — 1.77 (m, 1H,
CH-CH,-CH,), 1.79 — 1.89 (m, 1H, CH-CH,-CH,), 2.43 — 2.49 (m, 4H, CO-(CH,),-CO), 3.10 (t, >/ = 5.0 Hz,
2H, 0-CH,-CH,-NH,), 3.16 — 3.26 (m, 2H, CH-(CH;),-CH,-NH), 3.27 — 3.31 (m, overlap with solvent, 4H,
NH-CO-NH-(CH,),-NH), 3.34 (t, °J = 5.7 Hz, 2H, NH-CO-CH,-CH,-0), 3.53 (t, °J = 5.7 Hz, 2H, NH-CO-CH,-
CH,-0), 3.61 — 3.66 (M, 4H, O-CH,-CH,-0), 3.68 (t, >/ = 5.0 Hz, 2H, O-CH,-CH,-NH,) 4.27 (s, 2H, Ar-CH,-
NH-CO-NH,), 4.27 — 4.39 (m, 2H, Ar-CH,-NH), 4.40 — 4.45 (m, 1H, CH-CH,-CH,), 5.07 (s, 1H, (Ph),-CH),
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7.17 — 7.22 (m, 4H, CH,-C¢H,-CH,), 7.23 — 7.33 (m, 10 H, Ph-H); *C-NMR (150 MHz, CD;0D, HSQC): &
(ppm) 25.71 (CH-CH,-CH,), 30.29 (CH-CH,-CH,), 31.96 (CO-(CH,),-CO), 32.05 (CO-(CH,),-CO), 39.95
(NH-CO-NH-(CH,),-NH), 40.27 (NH-CO-NH-(CH,),-NH), 40.43 (CO-NH-CH,-CH,-0), 40.69 (O-CH,-CH-
NH,), 41.76 ((CH,),-CH,-NH-), 43.81 (NH-CH,-Ar), 44.33 (Ar-CH,-NH-CO-NH,), 54.31 (CH-CH,-CH,),
58.69 ((Ph),-CH), 67.89 (O-CH,-CH,-NH,), 70.63 (CO-NH-CH,-CH,-0), 71.32 (O-CH,), 71.36 (O-CH,),
128.15 (diPh-C-4), 128.23 (diPh-C-4), 128.34 (2 Ph-C), 128.69 (2 Ph-C), 129.51 (2 diPh-C), 129.56 (2
diPh-C), 129.86 (2 diPh-C), 129.91 (2 diPh-C), 138.42 (Ph-C-1), 140.86 (Ph-C-4), 140.97 (2 diPh-C-1),
155.64 (NH-CNH,-NH), 155.70 (NH-CO-NH), 162.04 (Ar-CH,-NH-CO-NH,), 173.50 (CO-NH-CH,-Ar),
174.85 ((Ph),-CH-CO), 174.86 (€=0), 175.14 (C=0); anal. RP-HPLC: 99 % (tz = 12.60 min, kK’ = 3.13);
HRMS (ESI): m/z calcd. for [CayHsoN1,0g+H]* 846.4621, found: 846.4617. CayHsoN1,0g - 2TFA (1074.03).

(R)-N*-{9-Amino-4-(2,2-diphenylacetamido)-3,11-dioxo-1-[4-(ureidomethyl)phenyl]-2,8,10,12-tetra-
azatetradec-9-en-14-yl}-N*-{2-[2-(2-aminoethoxy)ethoxy]ethyl}succinamide ((R)-5.70)

The title compound was prepared from 5.64 (45 mg, 0.130 mmol), TBTU (50 mg, 0.156 mmol), HOBt
(21 mg, 0.156 mmol), DIEA (68 pL, 0.390 mmol) in 5 mL DMF,s and (R)-5.44 (80 mg, 0.130 mmol) in
3 mL DMF,,s according to the general procedure. Deprotection in 3 mL DCM and 3 mL TFA and
subsequent purification by RP-HPLC afforded the product as a white fluffy solid (10 mg, 7 %). ‘*H-NMR
(600 MHz, CD;0D, COSY, HSQC): 6 (ppm) 1.47 — 1.63 (m, 2H, CH-CH,-CH,), 1.66 — 1.76 (m, 1H, CH-
CH,-CH,), 1.80 — 1.89 (m, 1H, CH-CH,-CH,), 2.42 — 2.51 (m, 4H, CO-(CH,),-C0), 3.10 (t, >/ = 5.0 Hz, 2H,
0-CH,-CH,-NH,), 3.18 — 3.26 (m, 2H, CH-(CH,),-CH,-NH), 3.27 — 3.31 (m, overlap with solvent, 4H, NH-
CO-NH-(CH,),-NH), 3.34 (t, °J = 5.7 Hz, 2H, NH-CO-CH,-CH,-0), 3.53 (t, *) = 5.7 Hz, 2H, NH-CO-CH,-CH,-
0), 3.61 — 3.66 (m, 4H, O-CH,-CH,-0), 3.68 (t, °J = 5.0 Hz, 2H, O-CH,-CH,-NH,) 4.27 (s, 2H, Ar-CH,-NH-
CO-NH,), 4.27 — 4.39 (m, 2H, Ar-CH,-NH), 4.40 — 4.45 (m, 1H, CH-CH,-CH,), 5.07 (s, 1H, (Ph),-CH), 7.17
—7.22 (m, 4H, CH,-CgHa-CH,), 7.23 — 7.33 (m, 10 H, Ph-H); *C-NMR (150 MHz, CD;0D, HSQC): & (ppm)
25.71 (CH-CH,-CH,), 30.29 (CH-CH,-CH,), 31.96 (CO-(CH,),-CO), 32.05 (CO-(CH,),-CO), 39.95 (NH-CO-
NH-(CH,),-NH), 40.27 (NH-CO-NH-(CH,),-NH), 40.43 (CO-NH-CH,-CH,-0), 40.69 (O-CH,-CH,-NH,),
41.76 ((CH,),-CH,-NH-), 43.81 (NH-CH,-Ar), 44.32 (Ar-CH,-NH-CO-NH,), 54.31 (CH-CH,-CH,), 58.69
((Ph),-CH), 67.89 (O-CH,-CH,-NH,), 70.63 (CO-NH-CH,-CH,-0), 71.32 (O-CH,), 71.36 (O-CH,), 128.15
(diPh-C-4), 128.24 (diPh-C-4), 128.34 (2 Ph-C), 128.69 (2 Ph-C), 129.52 (2 diPh-C), 129.56 (2 diPh-C),
129.86 (2 diPh-C), 129.91 (2 diPh-C), 138.42 (Ph-C-1), 140.86 (Ph-C-4), 140.97 (2 diPh-C-1), 155.69
(NH-CNH,-NH), 155.73 (NH-CO-NH), 162.14 (Ar-CH,-NH-CO-NH;), 173.50 (CO-NH-CH,-Ar), 174.83
((Ph),-CH-CO), 174.85 (€=0), 175.14 (€=0); anal. RP-HPLC: 98 % (tzx = 12.37 min, k' = 3.06); HRMS
(ESI): m/z calcd. for [C4rHsoN110g+H]" 846.4621, found: 846.4623. CgyHsoN110g - 2TFA (1074.03).
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(5)-N'-{9-amino-4-(2,2-diphenylacetamido)-3,11-dioxo-1-[4-(ureidomethyl)phenyl]-2,8,10,12-tetra-
azatetradec-9-en-14-yl}-N*-(3-{2-[2-(3-aminopropoxy)ethoxy]ethoxy}propyl)succinamide ((S)-5.71)

The title compound was prepared from 5.65 (75 mg, 0.179 mmol), TBTU (69 mg, 0.214 mmol), HOBt
(29 mg, 0.214 mmol), DIEA (93 L, 0.436 mmol) in 5 mL DMF,; and (S)-5.44 (110 mg, 0.179 mmol) in
3 mL DMF,,s according to the general procedure. Deprotection in 3 mL DCM and 3 mL TFA and
subsequent purification by RP-HPLC afforded the product as a white fluffy solid (17 mg, 8 %)."H-NMR
(600 MHz, CD50D, COSY, HSQC): 6 (ppm) 1.47 — 1.62 (m, 2H, CH-CH,-CH,), 1.66 — 1.77 (m, 3H, CH-
CH,-CH, + O-CH,-CH,-CH,-NH), 1.80 — 1.87 (m, 1H, CH-CH,-CH,), 1.87 — 1.93 (m, 2H, O-CH,-CH,-CH,-
NH,), 2.42 — 2.49 (m, 4H, CO-(CH,),-C0), 3.07 (t, °J = 6.3 Hz, 2H, O-CH,-CH,-CH,-NH,), 3.16 — 3.26 (m,
4H, CH-(CH,),-CHy-NH + O-(CH,),-CH,-NH-CO), 3.27 — 3.31 (m, overlap with solvent, 4H, NH-CO-NH-
(CH,),-NH), 3.49 (t, >J = 6.1 Hz, 2H, CO-NH-CH,-CH,-CH,-0), 3.55 — 3.58 (m, 2H, O-CH.,), 3.59 — 3.67 (m,
8H, 3x O-CH, + 0-CH,-CH,-CH,-NH,) 4.26 (s, 2H, Ar-CH,-NH-CO-NH;), 4.27 — 4.39 (m, 2H, Ar-CH,-NH),
4.40 — 4.45 (m, 1H, CH-CH,-CH,), 5.07 (s, 1H, (Ph),-CH), 7.17 — 7.22 (m, 4H, CH,-C¢H,-CH,), 7.23 — 7.33
(m, 10 H, Ph-H); *C-NMR (150 MHz, CD;0D, HSQC): & (ppm) 25.72 (CH-CH,-CH,), 28.04 (O-CH,-CH,-
CH,-NH,), 30.27 (CH-CH,-CH,), 30.45 (O-CH,-CH,-CH,-NH), 32.11 (CO-CH,), 32.17 (CO-CH,), 37.73 (CO-
NH-CH,-CH,-CH,-0) 39.94 (NH-CO-NH-(CH,),-NH), 40.14 (NH-CO-NH-(CH,),-NH), 40.42 (O-CH,-CH,-
CH,-NH,), 41.73 (CH,),-CH,-NH-), 43.79 (NH-CH,-Ar), 44.35 (Ar-CH,-NH-CO-NH,), 54.34 (CH-CH,-CH,),
58.68 ((Ph),-CH), 69.65 (CO-NH-CH,-CH,-CH,-0), 70.37 (O-CH,-CH,-CH,-NH,), 71.00 (O-(CH,),-O),
71.02 (0O-(CH;),-0), 71.08 (O-(CH,),-0), 71.38 (O-(CH,),-0), 128.15 (diPh-C-4), 128.23 (diPh-C-4),
128.34 (2 Ph-C), 128.69 (2 Ph-C), 129.51 (2 diPh-C), 129.56 (2 diPh-C), 129.86 (2 diPh-C), 129.91 (2
diPh-C), 138.42 (Ph-C-1), 140.86 (Ph-C-4), 140.97 (2 diPh-C-1), 155.64 (NH-CNH,-NH), 155.70 (NH-CO-
NH), 162.04 (Ar-CH,-NH-CO-NH,), 173.50 (CO-NH-CH,-Ar), 174.66 (€=0), 174.82 ((Ph),-CH-CO),
175.12 (€=0); anal. RP-HPLC: 90 % (tg = 12.92 min, k' = 3.24); HRMS (ESI): m/z calcd. for
[CasHs7N1100+H]" 918.5196, found: 918.5199. CseHs7N110o - 2TFA (1146.13).

(R)-N'-{9-amino-4-(2,2-diphenylacetamido)-3,11-dioxo-1-[4-(ureidomethyl)phenyl]-2,8,10,12-tetra-
azatetradec-9-en-14-yl}-N"-(3-{2-[2-(3-aminopropoxy)ethoxy]ethoxy}propyl)succinamide ((R)-5.71)
The title compound was prepared from 5.65 (55 mg, 0.130 mmol), TBTU (50 mg, 0.156 mmol), HOBt
(21 mg, 0.156 mmol), DIEA (68 L, 0.390 mmol) in 5 mL DMF,; and (R)-5.44 (80 mg, 0.130 mmol) in
3 mL DMF,,s according to the general procedure. Deprotection in 3 mL DCM and 3 mL TFA and
subsequent purification by RP-HPLC afforded the product as a white fluffy solid (16 mg, 11 %). 'H-
NMR (600 MHz, CD;0D, COSY, HSQC): 6 (ppm) 1.48 — 1.62 (m, 2H, CH-CH,-CH,), 1.67 — 1.76 (m, 3H,
CH-CH,-CH; + O-CH,-CH,-CH,-NH), 1.80 — 1.87 (m, 1H, CH-CH,-CH,), 1.87 — 1.93 (m, 2H, O-CH,-CH>-
CH,-NH,), 2.42 — 2.49 (m, 4H, CO-(CH,),-CO), 3.07 (t, °J = 6.4 Hz, 2H, O-CH,-CH,-CH,-NH,), 3.17 — 3.26
(m, 4H, CH-(CH,),-CH,-NH + O-(CH,),-CH,-NH-CO), 3.27 — 3.31 (m, overlap with solvent, 4H, NH-CO-
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NH-(CH,),-NH), 3.49 (t, °J = 6.1 Hz, 2H, CO-NH-CH,-CH,-CH,-0), 3.54 — 3.59 (m, 2H, O-CH,), 3.59 — 3.68
(m, 8H, 3x O-CH, + O-CH,-CH,-CH,-NH,) 4.27 (s, 2H, Ar-CH,-NH-CO-NH,), 4.27 — 4.39 (m, 2H, Ar-CH,-
NH), 4.40 — 4.45 (m, 1H, CH-CH,-CH,), 5.08 (s, 1H, (Ph),-CH), 7.17 — 7.22 (m, 4H, CH,-C¢H4-CH,), 7.23 —
7.33 (m, 10 H, Ph-H); *C-NMR (150 MHz, CD;0D, HSQC): & (ppm) 25.71 (CH-CH,-CH,), 28.04 (O-CH,-
CH,-CH,-NH,), 30.27 (CH-CH,-CH,), 30.45 (O-CH,-CH,-CH,-NH), 32.11 (CO-CH,), 32.17 (CO-CH,), 37.73
(CO-NH-CH,-CH,-CH,-0) 39.94 (NH-CO-NH-(CH,),-NH), 40.14 (NH-CO-NH-(CH,),-NH), 40.42 (O-CH,-
CHy-CH,-NH,), 41.73 (CH,),-CH,-NH-), 43.79 (NH-CH,-Ar), 44.37 (Ar-CH,-NH-CO-NH,), 54.34 (CH-CH,-
CH,), 58.67 ((Ph),-CH), 69.65 (CO-NH-CH,-CH,-CH,-0), 70.37 (O-CH,-CH,-CH,-NH,), 71.00 (O-(CH,),-
0), 71.02 (O-(CH,),-0), 71.08 (O-(CH,),-0), 71.38 (O-(CH,),-0), 128.13 (diPh-C-4), 128.22 (diPh-C-4),
128.35 (2 Ph-C), 128.66 (2 Ph-C), 129.50 (2 diPh-C), 129.56 (2 diPh-C), 129.86 (2 diPh-C), 129.90 (2
diPh-C), 138.41 (Ph-C-1), 140.86 (Ph-C-4), 140.97 (2 diPh-C-1), 155.71 (NH-CNH,-NH), 155.76 (NH-CO-
NH), 162.12 (Ar-CH,-NH-CO-NH,), 173.54 (CO-NH-CH,-Ar), 174.66 (€=0), 174.83 ((Ph),-CH-CO),
175.12 (€=0); anal. RP-HPLC: 90 % (tx = 12.69 min, K = 3.16); HRMS (ESI): m/z calcd. for
[CagHe7N1109+H]" 918.5196, found: 918.5194. CagHgrN1100 - 2TFA (1146.13).

5.7.3 Pharmacological Methods

5.7.3.1 Materials and Cell Culture

Porcine NPY (pNPY), human pancreatic polypeptide (hPP), [K*]-hPP and GW1229 *' (also designated
GR231118 or 1229U91) were a gift of Prof. Cabrele (University of Bochum, Germany). The cyanine
labeled fluorescent peptides cy5-pNPY and Cy5-[K*]hPP were prepared in our laboratory as described
previously. 3%

Unless otherwise indicated, chemicals, buffers and reagents were purchased from Merck (Darmstadt,
Germany). Powder for the preparation of media was obtained from Sigma Aldrich (Germany,
Minchen). Millipore water was used throughout. HEPES and bovine serum albumin (BSA) were
purchased from Serva (Heidelberg, Germany). FCS was obtained from Biochrom (Berlin, Germany),
cyanine dye cy5-succinimidyl ester from Amersham Biosciences (Little Chalfont, UK) and
coelenterazine h from Biotrend (Cologne, Germany).

Cell culture:

Except for HEL (human erythroleukemia) cells, SK-N-MC cells and MCF-7-Y1 cells, expressing the NPY
YR, all other cells — HEC-1-B-Ys > cells and CHO-hY,/-hY, - were genetically engineered to stably
express the receptor of interest as described elsewhere. *3*

HEL cells (suspension) were passaged in RPMI with FCS (5%). HEC-1-B-Ys cells (YsR) were cultured in
EMEM with FCS (10 %) and G418 (400 pg/mL) as described previously.** CHO cells, expressing Y,R or

YR were grown in Ham’s F12 medium supplemented with FCS (10 %) and G418 (400 mg/mL),
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hygromycin (400 mg/mL) and zeocin (200 mg/mL). *> 3> MCF-7-Y1 cells were maintained in MEM
supplemented with 5 % FCS (this cell line originated from MCF-7 cells in the 157" passage and shows

a higher hY, expression (factor 2 — 3) over the original MCF-7 cells).

5.7.3.2 Aequorin Assay

See section 3.3.2.1

5.7.3.3 Flow Cytometric Binding Assay

See section 3.3.2.2

5.7.3.4 Radioligand Binding Assay

The radioligand binding assay was essentially performed as described previously using [*H]UR-
MK114' instead of [*H]propionyl-pNPY.*® Binding buffer was prepared by addition of BSA (1 %) and
bacitracin (50 pg - L'!) to a buffer (pH 7.4) consisting of HEPES (10 mM), NaCl (150 mM), KCI (5 mM),
CaCl2:2H20 (2.5 mm), KH2PO4 (1.2 mM), Mg2504:7 H20 (1.2 mM), and NaHCOs (25 mM). HEPES buffer

without additives was used to wash the cells prior to and after radioligand binding.

Two or three days prior to the experiment, cells were seeded in 24-well plates reaching 70 %
confluency at the day of testing. MCF-7 cells were seeded in culture medium with 1 nM B-estradiol in
order to up-regulate the Y, receptor. In a first step, the culture medium was removed, the cells were
washed with buffer (500 pL) and covered with binding buffer (200 pL for SK-N-MC, 400 puL for pL for
uL for MCF-7 cells). Binding buffer (25/50 uL) and binding buffer (25/50 pL) with radioligand (10-fold
concentrated) were added for total binding. For determination of non-specific binding and
competition of the radioligand with the test compounds, binding buffer (25/50 pL) with the
competing agent (NPY or test compound, 10-fold concentrated) and binding buffer (25/50 uL) with
radioligand (10-fold concentrated) was added. During incubation at room temperature for 20 (SK-N-
MC) or 30 min (MCF-7-Y,) the plates were gently shaken. Subsequently, the binding buffer was
removed, the cells were washed twice with buffer (500 pL, 4 °C, < 30s) and covered with lysis
solution (200 pL) consisting of urea (8 M), acetic acid (3 M) and Triton-X-100 (1 5) in water. The
plates were shaken for 30 min. The lysis solution was transferred into 6-mL scintillation vials filled

with scintillator (3 mL, Rothiszint™ eco plus) and the dishes were washed once with lysis solution
(100 pL). Samples were counted with a Beckman LS 6500 beta-counter. Assays were performed in

duplicate or triplicate.
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