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Chapter 1

| ntroduction

1.1 G-protein coupled receptors

1.1.1 GPCRsasdrug targetsand their classification

G-protein coupled receptors (GPCRs) constituteldhgest group of integral membrane
proteins, accounting for approximately 2—3 % of thwnan genom&GPCRs transduce
signals through a wide range of effectors influegcia multitude of important
physiological functions. The involvement in sevedideases including pain, asthma,
inflammation, obesity, cancer, as well as cardioubs, metabolic, gastrointestinal and
CNS diseasésmakes them one of the most important classes af dargets. It is
estimated that more than 30 % of the currently mimdk therapeutic agents modulate
GPCR activity’® Half of approximately 800 identified GPCRs are miosensory
receptors (csGPCRs) and respond to external signalsas pheromones, odors, tastes or
photons>® The remaining receptors are addressed by endogdiymnds, for instance,
peptides, lipids, neurotransmitter and nucleotigesdoGPCRs]). For 140 of these
endoGPCRs the endogenous ligands are not knowrat® deferred to as “orphan
receptors™ *° Based on structural differences, mammalian GPGRsbe divided in five
main families termed rhodopsin, secretin, adhesimamate and frizzled/tastéZThe
rhodopsin-like family, also referred to as clasefAGPCRs, is by far the largest and best
studied subgroup containing receptors for odorasisall molecules such as biogenic
amines, peptides and glycoprotein hormores/Q0 GPCRs, including csGPCRs and
endoGPCRs). The binding sites of small endogengasads are located within the seven
transmembrane (TM) domains, whereas binding of mepace filling ligands, for
example peptides and glycoproteins, occurs at timna terminus (N-terminus),

extracellular loops and amino acids located atttipeof the TM helices.The secretin-
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like receptor family (class B) contains 15 membaduding GPCRs for the peptides
secretin, calcitonin and parathyroid hormone. AyéaN-terminus, which is involved in
ligand binding, is characteristic of these receptdihe third main class of GPCRs is the
glutamate receptor family (class C), implying thetabotropic glutamate receptor, the
aminobutyric acid type B (GAB# receptor and Casensing receptors. Herein, the
ligands bind in the very large N-terminal regionhigh has a characteristic structure
known as the “Venus flytrap” modufeFinally, the members of the adhesion GPCRs are
thought to participate in cell adhesion, the frezzbhnd smoothened receptors play a role
in cell development and proliferation and the merslgd the taste2 receptor family are
crucial for the detection of the bitter taste obstances:*> All members of the GPCR
superfamily share a common architecture. This siratfeature is the presence of seven
hydrophobic membrane-spanniaghelical segments, the transmembrane domains, which
are connected by three intracellular and threeaegtiular loops. The N-terminus is on
the extracellular side whereas the carboxy term{Quterminus) is intracellular. Besides
the structural requirement of seven TM domains, réeeptor has to interact with a
heterotrimeric G-protein, located on the intradaliiside, to be classified as GPCR. But,
given that G-protein independent signaling pathwargsdemonstrated for some of these
receptors (see 1.1.3.23! the term seven transmembrane receptors (7TMRSs)dwe

more appropriate.

The determination of the crystal structure of bevihodopsin by Palczewski in 2060
provided insight into the three dimensional ardtitee of a mammalian class A GPCR
and offered new opportunities for GPCR researcls $tructure served as template for
homology models to study GPCR conformations andnligreceptor interaction on the
molecular level. Recently, further crystal strueturhave been resolved including the
human B.-adrenergic receptdf;*® the turkey Bi-adrenergic receptdf, the human
adenosine A receptor® the human dopaminesDeceptor! the human histamine ;H
receptof? and opsin, the first receptor crystallized indttive staté>?* The ionic-lock
(salt bridge between Arg-13IM3) and Glu-268 (TM6)) which is suggested to diab
the inactive conformation of rhodopsin and theRP*** was broken in all other
GPCRsH312192022250 addition, observations like the presence ofcanelix in the
second extracellular (e2) loop in the adrenergicepeors->*> constrain the crystal

structure of rhodopsin as ideal representativeotber GPCR$® Thus, the very recently
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elucidated crystal structures will contribute to pmroved homology models and

consequently facilitate the target-based drug aefsigmany GPCRs.
1.1.2 GPCR activation and ligand classification

Several models have been proposed for the molecukrhanism involved in the
activation of GPCRs upon interaction with approjridigands. Amongst them, the
extended ternary complex motlél® is considered most suitable for explaining the
pharmacodynamic activities of the majority of imieting ligands. According to this
model, GPCRs exist in an inactive conformation 4Rl an active conformation (Rhat
efficiently couples to a defined G-protein (G),demy to the functional species ®). In

a given environment, equilibrium spontaneously ldsthes between the usually
predominant inactive and the active conformatiohe Tinactive form is allowed to
isomerize to an active form independently from asfominding. This spontaneous

activation of the receptor in the absence of agsiisreferred to as constitutive activify.

A B
full
invl:erse antagonist agf(:llzlis "
N . agonist  partial . partial :
AR AR AR*G E :‘ngvoe;]riit; E agor.list :

[ ]
R R* R*G z ;

R <=—> R*

Figure 1.1. Two-state model of GPCR activation. This modeluasss that GPCRs isomerize from an
inactive state (R) to an active state )(R\) Extended ternary complex model (R: inactive staftéhe
receptor; R active state of the receptor; G: G-protein; Aomigt). B) Ligand classification according to

their capability of shifting the equilibrium to kér side of both states. According to Seifert & al

Ligands are classified according to their capabilit shifting the equilibrium to either
side of both states. Agonists are ligands with @ighffinity for the R state, stabilizing
the active conformation and therefore enhancing filmectional response (receptor
activation). On the opposite, inverse agonists guegttially interact and stabilize the
inactive conformation R of the receptor and redtloe percentage of spontaneously
active receptors. Neutral antagonists bind to lmmthformations with the same affinity
without altering the equilibrium but impairing thginding of other ligands. Partial

agonists and partial inverse agonists are lessctefée only partially binding and

3



Chapter 1

stabilizing the active and the inactive receptonfommation, respectively:>? An
additional layer of complexity is added througtosieric ligands, which bind to sites that
are topographically different but conformationallinked to the orthosteric site
recognized by the endogenous lig&h&inding to an allosteric site on a GPCR changes
the receptor conformation and can modulate theimgndffinity as well as the signaling
efficiency of orthosteric ligands, or can perturignaling even in the absence of
orthosteric ligandd? Besides, the existence of ambiguous effects likeutmountable
antagonism” is discussé€d>® Insurmountable antagonists have the ability torelepthe
maximal response of orthosteric agonists and tbhexefdlo not behave as typical
antagonists. This effect can be explained throtighdngevity of the antagonist-receptor
complex, slowly interconverting receptor conformas, allosteric binding sites or
receptor internalization after antagonist binding.

It is apparent that the function of GPCRs is muabrancomplex in terms of ligand
binding, different conformational states, accesgmotein interaction, phosphorylation,
G-protein coupling, oligomerization and internafiza than assumed previousi?’ The
existence of several inactive and active recepiofarmationd® suggests that structurally
different ligands stabilize distinct receptor camfations, resulting in diverse biological
responsed’ In summary, the demonstrated two-state model gesvia molecular basis
for classical concepts of pharmacology and helpsxfdain the properties of drugs acting
as agonist, antagonist and inverse agonist, butctimeplete real situation cannot be

reflected.

1.1.3 Signal transduction

1.1.3.1 G-protein mediated signal transduction

The classical model of GPCR signaling is basecherability of these receptors to act as
ligand-activated guanine nucleotide exchange fact@EFs) for heterotrimeric G-
proteins that transmit signals through the actoratof intracellular effectors from the
extracellular to the intracellular regidhThese G-proteins consist of a@ubunit and a
GBy-heterodimef*! The binding of the G-protein to the active confatibn of the
GPCR (either stabilized by an agonist or agonest-fconsidering constitutively active
GPCRs) induces a conformational change of the @&jrand results in a rapid release

of GDP from its binding site on theoGsubunit and in the formation of the ternary

4
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compkx. The ternary complex cons of the agonist, the receptor and the nucle-free
G-protein ands disrupted through theinding of GTP to the @-subuni. This exchange
of GDP by GTP promotes the dissociation of tta-GTPsubunit and the By-complex
from the receptor and from each othBoth dissociated subunits can activateinhibit
various effector proteindike enzymes and ion chann, resulting in a variety of cellule
functions. After a certain period of time, the insic GTPase activity of the a-subunit
converts GTP to GDP and phosph This effect is utilized in the GTPase assays ag}
in this work.Now, the GDI-bound Gx-subunit re-associates with3affording the next
G-protein cyclé? The GTPase activity of o is acceleratetly a family of proteins calle

the regulators of Grotein signaling (RG¢***

—
Gor]

H u N :
. S/
H‘

(P
Agoniat @ /’ !
H Inactive GPCR ' Acrive GPOR Effector proteins

O

Regulator of
G-protemn signaling

Haterottmmeric
G-profein

Figure 1.2. G-protein cycle.

Both, the Gi-subunit and the By-heterodimer hold lipid anchors keeping th-proteins
on the intracellular side of the membrane in proximity to membrane proteins lil
GPCRs' Based on their structure and signaling patt, Gproteins ar divided into
four main families accordir to their Gx-subunit, termed & Gyo, Gy11and Gans*’ The
Gas family adivates adenylyl cyclases (AC-9) resulting in increased cellular lev of
the second messenger cA (3"-5"-cyclic adenosine monophosphata)contras to that,

5
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the Go; family shows inverse effects, inhibiting the AGiaity (AC 5 and AC 6). CAMP

is derived from ATP and exerts various cellulaeefé such as activation of the protein
kinase A (PKA) or the mitogen-activated protein dse (MAPK) pathway, both
modulating gene expressidh.For instance, PKA is a serine/threonine kinase tha
phosphorylates numerous substrate proteins suttreasAMP response element binding
protein (CREB), affecting the gene transcriptioivein by the cAMP response element
(CRE)*® Inactivation of cAMP, catalyzed through phosphetieases, leads to
termination of the signal transduction. ThaGamily regulates phospholipase C activity
(PLGg) resulting in hydrolysis of phosphatidylinositoB4bisphosphate (P4Pinto the
second messengers inositol-1,4,5-trisphosphatg &Rl diacylglycerol (DAG). Elevated
IP; levels promote the release of?G#ns from the intracellular endoplasmatic reticnlu
into the cytosof’ DAG and C&™-ions stimulate the proteinkinase C (PKC), thereby
modulating the function of cellular proteins by ppborylatior®* Finally, the Gy,
family interacts with Ras homology GEFs (Rho-GERkat regulate cytoskeletal
assembly'** In addition to the @-subunit, the By-heterodimer can specifically regulate

certain effectors like PLgand ion channel€.

1.1.3.2 G-protein independent signaling, B-arrestin and functional
selectivity

Although, the vast majority of GPCRs are able &m$duce signals into cells through G-
protein coupling, recent work has indicated thatCBB participate in numerous other
protein-protein interactions which generate intiata& signals in conjunction with, or
even independent of, G-protein activation. Profamtein interactions which modulate
GPCR signaling include GPCR dimerization (see }.ltlHe interaction with receptor
activity-modifying proteins (RAMPS) and the bindiod various scaffolding proteins to
GPCRs!' Most compelling, the discovery thatarrestins (arrestin 2 and 3) function as
alternative transducers of GPCR signals has clgalbrthe basic concept of GPCR
signaling**°**® Originally regarded as mediators of GPCR desemasitin (through
internalization into clathrin-coated pit¥)>> B-arrestins are ubiquitously expressed
cellular regulatory proteins that are now recogtias true adapter proteins that transduce
signals to multiple effector pathways such as MAPBRC, nuclear factaB (Nf-kB)
and phosphatidylinositol 3-kinase (PI13¥)Since arrestin binding uncouples GPCRs
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from G-roteins, arrest-dependent signals may represent a form of seconde

signaling by desensitized recept

Agonist

Figure 1.3. G-protein and B-arrestin
mediated signaling. Classical model
signaling is mediated by -proteins,

followed by phosphorylation by GRI

a b

and desensitization is mediated - 4/ \-
. L \

arrestins. Current model: Binding of @90 |\

ligand results in signaling by -proteins \L B-arrestin
and/or -arrestins as well ¢ !
B ' ¢ Second <’ \’

desensitization rd internalization byp- messengel  Desensitization  Signaling
arrestins. In a system with functior J/ - Kmases (MAPK, PI3K)

o _ . _ - Transcnptional control
selectivity, signaling mainly procee Cell response - Transactivation (EGFR)
through one pathway a( vs. b). Irafficking

_ _ - Internalization
According to Rajagopal et &l. - Translocation

Nowadays, it is apparetitat different ligands can differently bias GPCRfoomations
towards one type of behavior versus anc¢.®” The selectivestimulation of some but n
all possible signaling pathwayhas been postulated as “functional selecti,>’ also
known as “biased agonisr® or differential receptolinked effector actior.>>*° For
GPCRs, these aspects may include signaling viaiple Gyrotein regulated pathway
including pathways regulated by eithela or By subunits, as well as engagi
mechanism involved in receptor desensitization g§phorylation of the receptor, bindil
to arrestin internalization) and arrestimediated signalin§® By now, functioney
selective ligands for @rotein mediated or arrestmediated processes are known
many GPCR$? including p-opioid®*®® serotonin 5-HIa,°%%® B-adrenergié®"?

D,"®" and histamine Hreceptor.®’ Such biased

angiotensin 1l AT,”>" dopamin:
ligands are not only useful tocto investigate GPCR signalingut might also harbor ¢
improved potentiabs fine-tuned therapeuticd. Besices, allosteric ligandswhich could
modulate the signaling cascades and biochemicalonsges triggered by endogen:
ligands, can alsampos¢ biased agonism and therefoleld promises for futur

pharmacology?
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1.1.4 GPCR oligomerization and bivalent ligands

GPCRs have classically been assumed to exist amddidn as monomeric entities in a
1:1:1 stoichiometry with the G-protein and the tigaBut over the last few decades the
understanding of GPCR structure and function has loballenged by the discovery that
GPCRs are able to form homo- and hetero-oligormninplexes>®° Evidence of GPCR
dimerization is provided by biochemical, biophysiaad functional studies, for instance,
by cross-linking, immunoblotting, co-immunoprecgtibn and atomic force microscopy
as well as fluorescence resonance energy traffdRE T ) and bioluminescence resonance
energy transfer (BRET). The latter have been usedubstantiate the occurrence of
GPCR dimerization in living celf§.® For receptors, such as the tyrosine-kinase and the
steroid-hormone receptor, constitutive or liganduiced oligomerization has long been
known as essential for signalifigMeanwhile, the existence of homodimers has alsm be
demonstrated for several class A and C GPCRs imgudlopamine B and DB
receptors®®® the B,-adrenoceptot’ the 5-HTp serotonin receptdf the histamine
receptor subtype¥;®® opioid receptor€®®® the mGIURY*® and the CH-sensing
receptor:’* Besides homodimerization, there is growing evigettat heterodimerization
can result in receptor complexes that have ligandibg and signaling properties distinct
from their constituent monome?ts. Distinct characteristics arising from hetero-
dimerization have been demonstrated for khend d-opioid receptors® the p- and-
opioid receptor$? or the angiotensin ATand bradykinin B receptors®® For class C
GPCRs dimerization is essential for function, whk association of two identical or two
distinct monomers being required to get a funcliomaceptor, for example,
GABAg1/GABAGg; is known as an obligate heterodim&Although few is known about
the physiological role of GPCR dimerization, recéntlings indicate a pivotal role in
receptor trafficking, signaling, pharmacology amdeinalizatiorf*'% Three sites could
be involved in receptor-receptor interactions of GR3: extracellular loops,
transmembrane helices and intracellular loops. dhregions can interact via covalent
bonds (e.g. disulfide bonds), non-covalent intéoast (e.g. hydrophobic interactions
between TM helices or coiled coil structures) ocaanbination of both. While for the
majority of class C receptors, an intermoleculautfide bond between the amino termini
has been shown to be crudilfor class A receptors, the TM helices 1 and 46 ar

thought to be involved in oligomerizatidff %
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Provided that oligomeric GPCRs have biological fiors, oligomeric entities offer new
opportunities for drug design by exploiting mulleacy. Usually, the term “bivalent
ligands” refers to molecules containing two setspbfarmacophoric entities linked
through a spacer. However, in the broader sensaldniv ligands can be divided in
molecules containing two sets of pharmacophoriaugsoor a single pharmacophore
connected to a non-pharmacophoric recognition ‘dhithe design of bivalent ligands
requires the consideration of various general featincluding a suitable monomeric lead
compound, an appropriate attachment point of tleeapand a spacer with suitable length
and chemical compositiori®*** Different binding modes of bivalent ligands at the
receptor(s) are imaginable (Figure 1.4). If thecgpas of sufficient length the ligand may
bridge two neighboring receptors, each pharmacaphaonoiety simultaneously
interacting with the recognition sites of both mers. For bivalent ligands with shorter
linkers an accessory recognition site next to thiosteric binding site of a single
protomer is probable. In both cases, the liganst faiinds in a univalent manner to the
receptor. Thereby, the second pharmacophoric mofetye bivalent ligand is arranged in
closer proximity to the second binding site (neigiihg protomer or accessory binding
site) corresponding to a high local concentratibthe second recognition unit. Bivalent
ligands are thought to exhibit a greater potenagntithat corresponding to double
concentration of a monovalent ligafrd® This concept has been studied for many
GPCRs, for instance, for opioid receptors in maiti*'? The bivalent ligand approach
has proven to be promising to improve not only poyeand selectivity but also the

pharmacokinetic profile of compountf§:*+3*+4

There is evidence that GPCRs can form homo- arerdaitmers, yet many of the most
potent bivalent ligands have relatively short limki groups, suggesting that the
compounds interact with neighboring binding sites a single receptor (cf. Fig. 1.4
A).*3 14 This mechanism fits to the message-address copceposed by Schwyzét®

in which the pharmacophore can be considered a$rtassage” that is recognized by a
family of receptors and the second (non-)pharmagophentity is considered as the
“address” conferring additional affinity. Anothexmanation to account for differences
between monomeric and bivalent ligands involves itiduction and stabilization of
receptor dimerization, as dimerization plays an angmt role in the function of
GPCRs* Finally, the affinity of bivalent ligands can albe influenced by cooperative
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effects®* %% %Forinstance, the phenomenon that binding of one phespteric moiety

facilitates the binding of the second pharmacopitermed positive cooperativit®>*®

g =
ijgﬁujg
")

Figure 1.4. Bivalent ligand binding tA, a GPCR with an accessory binding site, cB, a GPCR dimer.

The bivalent ligand is believed to bind in a unargl manner before addressing the second bindi.

According to Portoghese et%f*’

Taken together, thbivalent ligand approach is a valuastrategyof modern medicine
chemistry to obtaimighly potent and selective compounds,, unfortunatelythere is no
universal recipefor successto improve pharmacological or drlige properties o
compounds upon dimerizati. Regardless of their potential therapeutic valbivalent
ligands are required as pharmacological toolsexpandthe knowledge c structure-
activity relationships to explore theligand+eceptor interactions and, possibly,

investigatethe functional relevance of receptor dimerizar The application of the
bivalent ligand approach to histamine, receptor agonistis subject of this work (c
chapters 4 and 5).

1.2 Histamine receptors

Histamine exerts its effecterough the interaction with four histamine rece subtypes,
designated H(H:1R), H, (H2R), Hs (H3R) and H (H4R) receptors, albf which belong to
the class A of GPCRE?'?ong before cloning ofheir respective gen,*****the HR

and the HR were pharmacologically identifi and they have bedargets oblockbuster

10
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drugs for decades. While;R antagonists (“antihistamines”) are well estal@diin the
treatment of allergic disorders Rl antagonists have been used as antiulcer drug® (“H

18 The identification of the presynaptics®i as a new receptor subtyp&'?®

blockers™)
gave rise to a new field of interest. ThgRHis now regarded as a general regulatory
system in the CNS and a potential target for nemaibeutics2® More recently, the use of
genomic databases resulted in the identificatiotheffourth histamine receptor due to its
homology with the BR.*****The average sequence homology between the HRpmsbty
is relatively low (20 %) except fordR and HR, which share overall sequence homology

as high as 37 %°

The histamingd 1R is mainly expressed on smooth muscle cells, erdlattcells, cells of
the immune system and the CAf8.The human receptor represents a 487 amino acid
protein that preferentially couples to the pertsidskin insensitive @ai-protein. Its
stimulation affects the inositol phospholipid siting system, resulting in the formation
of IP; and DAG (as explained in chapter 1.1.3.1), whiigtidg in C&*-mobilization from
intracellular stores and activation of protein liaaC*?***°Most effort has been directed
towards the development of iRl antagonists, whereasiRl agonists are useful as
pharmacological tools rather than as drugs. Thg iR agonist used in therapy is
betahistine (Aquamé for the treatment of Meniére's dised®eOther HR agonists like
the histaprodifens represent valuable pharmacabdgools to analyze HR function in
cellular and organ systen&:*** The first generation #R antagonists like mepyramine
(Pyrilaminé€®), chlorpheniramine and promethazine (Proth3zinhave been
therapeutically used for the treatment of allemjiseases since the 19463 Currently,
mepyramine is the most commonly used referengde &htagonist for pharmacological
studies. To reduce the sedative side effects, paleg antagonists that are no longer able
to pass the blood brain barrier like cetirizine rt8¢°) and fexofenadine (Telfd§twere
developed. These compounds belong to the non-sgdagcond generation of,Ri
antagonists and are still among the top sellinggsirior the treatment of allergic
disorders.

11
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H4R agonists
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Figure 1.5. Structures of selected;R ligands.

A detailed description of thid;R is given in chapter 1.3.

The histamineHsR was discovered by Schwartz and co-workers in ¥38d firstly
cloned in 1999° The hHR consists of 445 amino acids and is mainly exeés the
CNS, where it acts as a presynaptic auto- and dreptor controlling the release of
histamine and various other neurotransmitters, uginog dopamine, serotonin,
noradrenalin and acetylcholif&**® As such, the bR is supposed to be involved in a
multitude of CNS functions, like locomotor activitywakefulness, food intake,
thermoregulation and memoty.Receptor activation leads to the recruitment gf-G
proteins, which in turn lowers the cAMP level byniiition of the adenylyl cyclase. In

addition, a variety of other effector pathways ba&nactivated including the activation of

12
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MAPK, PI3K and phospholipase,APLA,).>****°Up to now, no HR ligand is on the
drug market. However, thesR has attracted interest as a potential drug tdogethe
treatment of various disorders and diseases, imgudementia, Alzheimer's disease,
narcolepsy, insomnia, attention deficit hyperatyidisorder, schizophrenia as well as for
the treatment of myocardial ischemic arrythmiagyraine and inflammatory and gastric
acid related diseasé®:* Therefore, HR agonists as well as antagonists and inverse
agonists are needed and currently many compouraa filifferent pharmaceutical
companies are under clinical investigatiéh.HsR antagonists can be divided into
imidazole-containing antagonists such as thiopetamand clobenpropit and non-
imidazole antagonists, for example JNJ1018145With improved drug-like properties
and selectivity, in particular over the closelyated HR. Typical R agonists aré\"-
methylhistamine and (R}-methylhistamin&*® as well as imettf® and the HR selective
methimmepip** which are structurally less related to histamiff@ increase the
bioavailability and CNS permeability of the verylgo (R)-a-methylhistamine more

lipophilic azomethine prodrugs like BP 2-94 wereaassfully developetf’

H;R agonists

H

N N NH, N S_NH,
(NJ/\/ CHs (]/\./ </j/\/ \n/
HN HN CHs HN NH

N“-Methylhistamine (R)-a-Methylhistamine Imetit
N Ij’o
Fﬁ\,m <,N j/\/ﬂ N
“CH 1
8 HN ’ CHs Ph
Methimmepip BP 2-94
Hs;R antagonists

e —Q
NH .

NJ\H N SJ\N N —

! T, O Oy

< HN cl s

HN

Thioperamide Clobenpropit JNJ 10181457

Figure 1.6. Structures of selectedR ligands.

Cloning of the HR gene provided the basis for a fourth histamieptor subtypé?’ 2

The histaminéH4R is mainly expressed in various cells of the immapstem like mast

13
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cells, basophils, eosinophils, T-lymphocytes andddéc cells?®43

suggesting that it
plays an important role in different inflammatogytoimmune and allergic disordérs.
Additionally, the HR is also expressed in the CR&.The human receptor subtype
consists of 390 amino acid and just as thR ldouples to ¢-proteins resulting in AC
inhibition and activation of MAPK&®® Little is known about the exact
(patho)physiological roles of the4R, but the activation of }Rs has been shown to
induce several responses closely associated to m@aroells, e.g. chemotaxis, chemokine
production and C&-mobilization in mast cells, monocytes and eosinispf® Currently,
drug research in the 4R field is focused on antagonists due to the pratspé new
therapies for the treatment of inflammatory diseadéne blockade of the receptor by
antagonists is considered a promising approacth&treatment of diseases like purities,
asthma, inflammatory bowel disease or rheumatdittitis.>* The supposed role of the
H4R in immunological responses overlaps with the fimmcof the HR, suggesting that
combined H- and H-receptor ligands might be beneficial for the tneatt of
inflammatory diseases. On the other hand, seleatjemists definitely represent valuable
pharmacological tools for further investigationstbe biological role of the R. Due to
the high homology with the 4R, many HR ligands also bind to the4R, albeit with a
different rank order of affinity and potency. Inaseh for selective ligands for the latest
histamine receptor subtype, many GPCR ligands wararmacologically studied
resulting in the identification of numerous ligarfosm different structural class&$ The
first selective HR agonists were OUP-16, a chiral tetrahydrofuraaia)>° and later 5-
methylhistamine (also referred to as 4-methylhist&) which was originally considered
as a selective #R agonist. Very recently, highly potent and selecttyanoguanidine-
type HR agonists such as UR-PI376 were successfully dpedl in our working
groupt’1*31%¢|nterestingly, thioperamide is not only an invet$gR agonist, but also
acts as a highly active inversgfdagonist-*>*****'Meanwhile, selective }R antagonists
such as the indole-2-carboxamide JNJ7777F28nd different 2-aminopyrimidin&s
have been developed. Most notably, INJ7777120v&dumble pharmacological tool and
has already been employed in several animal mddedtudy the biological function of
the HIR.°%'%2 However, the investigation of the biological ralé the HR in animal
models is hampered by species-dependent discresanejarding receptor selectivity,
potencies and even by opposite qualities of actibrihe available pharmacological

tools 143163
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H4R agonists
H H
(0) N No N NH, H H
CH3 «I\/
N /(_7/_ \n/ I N NO N~
HN 3 HN NCN
OUP-16 5-Methylhistamine UR-PI376
H4R antagonists
CHz NH,

N A
Cl< : -/\\ (N_—) /©)NI\/T\N/\I
o NC K/N‘CH3

JNJ 7777120 Example of an 2-aminopyrimidine-
type H4R antagonist

Figure 1.7. Structures of selectedyR ligands.

1.3 The histamine H, receptor and itsligands

The histamine bR was pharmacologically characterized by Black.enal972 using the
first H,R antagonist burimamid&* Contrary to the classical antihistamines, burintemi
was able to block the histamine mediated gastitt s&cretion and positive chronotropic
effect on the heart. In 1991, Gantz and coworklyser human and canineRis?#123
The human bR consists of 359 amino acids and couples to thpr@ein, resulting in
increased cAMP levels via activation of the adehglyclase™®®>*%®As explained in
section 1.1.3.1, cAMP can activate protein kinasdsch phosphorylate regulatory
proteins, leading, for instance, to an influx amdrdcellular mobilization of Ca in
cardiac myocytes (Figure 1.8). Besides the phospbktatase-catalyzed inactivation of
cAMP, the cAMP response attenuates after minutes tduagonists-mediated receptor
desensitization and internalization of the receptot®®It is demonstrated th@tarrestin,
dynamin (a 100 kDa GTPase) and clathrin are inwbive H;R internalization and its
rapid recycling to the cell surfa¢?. In several systems, the;Ri also couples to the &
protein resulting in PLC stimulatidi®*"° Thus, the activity of the R results from a

regulated balance among the diverse mechanisntepter signaling and trafficking.
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Figure 1.8. H,R mediated signalin Cardiac myocyte as example. Accordindel Valle et a*®

H.Rs are located ogastric parietal cells and several other tissues aealls incuding
leukocytes, airways, heamiterus vascular smooth mus¢ and the brai*®**12an
essentl physiological function of the ;R is the control of gastric acid secretion fr
parietal cells®* Activation of cardiac LRs mediates positive chronotropic and inotrc
effects;’® and histaminenediated smooth muscle relaon has been documented
airways, uterus and blood vess'’* Moreover, promyelocytic leukemic cs express the
H,R and its activation triggers the functional diéfetiation to mature granulozyt*’>*"
H.,Rs are also reported to have numerous functiotiseinmmune system. For examg
H.,R havebeen shown to block the histamine release from mel$t, to inhibit "-cell

g'71® |n  addition,

modulation and to modulate the production of cyte
audioradiographic mapping of the brain with the hhigffinity H,R radioligand
[*#1]i odoaminopotentidine revealed highest densitiehiénbasal ganglia, hippocamp

amygdale and cerebral cort'’* So far, the function of #Rs in the CNS has not be
identified** Although, the CNS permeability was already demastt for the LR

antagonist zolantidinE? most of the therapeutically use:R ligands do not cross tl
blood-brain barrier in significant amounts. Thereforentcally active kR ligands are

promising pharmacological tools to study the rdléhese receptors in the Ct

To date, numerousJR agonists andntagonists have been identifiedth the guinea pit

atrium being the pharmacological standin vitro model for ligandcharacterizatic for
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decades’® The search for pR antagonists as drugs for the treatment of gasinit
duodenal ulcer started with burimamid&the first selective bR antagonist and resulted
in the development of cimetidine (Tagaffjeand its introduction into the clinic about 35
years ago. Very fast, cimetidine and otheRHblockers such as famotidine (Pefjwnd
ranitidine (Zanti€) became blockbuster drutf$:**In addition to the marketed drugs (in
Germany: cimetidine, ranitidine, nizatidine, fandatie, roxatidine acetate), numerous
structurally diverse highly active,R antagonists are known, for example, tiotidine and
aminopotentidine, which are used as pharmacologomd$. Very recently, a new series
of H,R antagonists was developed in our working groeplacing the cyanoguanidine
group of potentidine-related piperidinomethylpheyalkylamines by squaramides.
Additional coupling withw-aminoalkyl spacers allows for labeling reactiomsivalent
ligand construction (cf. UR-DE96, Fig. 1.9}.

H,;R antagonists
/N ‘ S/\/N\H/N\CHy, /\<OJ/\S/\/ \[ “CH,3
<N NCN HsC~N \ NO
H CH3 CH3 2
Cimetidine Ranitidine
NSO,NH,
H H
N N N N<
HN— s HN— s NCN
NH, NH,
Famotidine Tiotidine
N\/©\ -R
G O/\/\H
R
NH
)l\Jl\CN ’ 2 0 (0] (0]
AN 125 )l\/o CHs J\;ﬁ 6
N IS
0] o) H
[1"2%]lodoaminopotentidine Roxatidine acetate UR-DE96

Figure 1.9. Structures of selected;R antagonists.

Whereas BR antagonists became standard drugs for the treatmwke gastric and
duodenal ulcer§*#H,R agonists are mainly used as pharmacological tocsudy the
physiological and pathophysiological role of thistamine receptor. Nevertheless;RH

agonists are of potential therapeutic value astigesinotropic vasodilators for the
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treatment of acute congestive heart faiftifeas anti-inflammatory agent&*'%

176

or as
differentiation-inducing agents in acute myelogendaukemia (AML).”> Actually,
histamine dihydrochloride (Ceplefeis administered in conjunction with low doses of
immune-activating cytokine interleukin-2 (IL-2) ithhe post-remission phase of AML.
Given that the effect of histamine is mediated thia HR, new selective R agonists
with suitable pharmacokinetic properties fior vivo applications are promising drug
candidates. Compared to the amine-typR ldgonists (histamine, dimaprit, amthamine),
guanidine-type compounds (impromidif&?” arpromidiné®%y are much more potent.
At the guinea pig right atrium, these compoundsaship to 400 times the potency of
histamine. The binding site of histamine in thd&kHvas identified by molecular modeling
approaches anith vitro mutagenesis studies. Hence, histamine probablyskimitsN™
tautomeric form to the receptor by forming H-bomdtgh Asp-186 and Tyr-182 in TM5
and the protonated primary amino group interactf wie highly conserved Asp-98 in
TM3 (cf. Figure 1.11B).***'%2 As an alternative to Tyr-182, Thr-190 is discussed
participate in ligand bindinf>*%* The interaction of guanidine-type agonists may be
interpreted by analogy with this model: the strgnighsic guanidino group (pka 13),
considered a mimic of the primary amino group istdmine, is essential for the;Ri
agonistic activity of guanidine-type compounds, isualso responsible for very low oral
bioavailability and lack of CNS penetratiot.In principle, this problem can be solved by
prodrug strategies as demonstrated by the intramuctf alkoxycarbonyl groups at the
guanidine group?® Though, such derivatives were not active untieesfeavage and
decarboxylation, and centrally activeRiagonists could not be obtained following this

approach.

Major progress in the development of orally activen-prodrug HR agonists was
achieved with the bioisosteric exchange of the glia@ by an acylguanidine moiety,
resulting inN®-acylated imidazolylpropylguanidines (e.g. UR-AKZg. 1.10), a new
class of potent HR agonists with substantially reduced basicity é¥% orders of
magnitude)ln vivo studies confirmed that the reduced basicity resalabsorption from
the gastrointestinal tract and penetration acrieestood brain barrief’* Unfortunately,
the selectivity ofN®-acylated imidazolylpropylguanidines for theRdturned out to be
poor, in particular versus JR and HR. This drawback appears to depend on the
“privileged” imidazole moiety. Therefore, the biogeric replacement of the imidazole

ring is the key to improve the selectivity for tHgR. The 2-amino-4-methylthiazol-5-yl
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moiety is a bioisostere of the imidazole ring ire ttnoderately potent JR-selective
amthamine, a thiazole analog of histamine and Accgnalog of dimaprit. Amthamine is
a full H;R agonist with slightly higher potency than histaenat the isolated guinea pig
right atrium®®™*®” and most notably, it is devoid of histamingRd HsR and HR
stimulatory activities at relevant concentratiois>° Very recently, supported by
docking studies (cf. Figure 1.14), this bioisosteric approach was successfullyiadpb
acylguanidine-type bR agonists. The bioisosteric replacement of thelarnole ring in
N®-acylated imidazolylpropylguanidines by a 2-aminiatbl-5-yl moiety resulted in
potent HR agonists with much greater selectivity for thenan HR over K and H,
receptors? Thus, N®-acylated aminothiazolylpropylguanidines (e.g. UB2FS8, Fig.
1.10) combine the high selectivity for theRdwith improved pharmacokinetic properties,
resulting in valuable pharmacological tools to eaté the physiological role of;Rs, for
instance, in the CNS, and are promising startingntpofor the development of

compounds suitable fan vivo application.

H,R agonists
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Figure 1.10. Structures of selected,R agonists.
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Figure 1.11. A: Model of the gpHR binding
site for UR-PG278 with illustration of side
chains and ¢ atoms of all amino acids
within 3 A around the ligand and,
additionally, the putative toggle switch Trp-
247. The backbone and the C atoms of the
amino acids are individually drawn in
spectral colors: TM2 — orange, TM3 -
yellow, e2 — cyan, TM5 — greenblue, TM6 —

blue, TM7 — purple. All nitrogens — blue,

oxygens — red, C and H atoms of the ligand
Tyr-182 — grey, G trace — lines, binding site ,C
atoms and side chains — sticks, ligand — balls
and sticks. Adapted from Kraus et®awith

™S5 ™3 permission from John Wiley and Sons,
copyright 2009.B: Proposed binding mode
Asp-98 of histamine at the }R.
(D-98)
Asp-186
(D-186) B
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Chapter 2

Scope and obj ectives

Although numerous compounds were described asnhistaH receptor (HR) agonists
decades ago, after discovery of the histamipéHdR) and H receptors (kR), the HR
selectivity of compounds such as 5-methylhistamingimaprit?> impromidin€ or
arpromidiné turned out to be compriséd.For instance, 5-methylhistamine is nowadays
considered as selective for theRd Thus, new selective ;R agonists are needed as
pharmacological tools to explore the (patho)physjadal role of the KFR and as potential
drug candidates, for instance, for the treatmemicote myelogenous leukemia. Recently,
in search for KR agonists derived from guanidine-type compouni$;acylated
hetarylpropylguanidines were discovered in our fatmy as a new class of potergRH
agonists with considerably reduced basi€ify.owering the basicity resulted in improved
pharmacokinetic properties such as oral bioavaitatsind CNS penetratiochMoreover,
these acylguanidines proved to be highly seledbvehe HR, when the imidazole ring

was replaced with a bioisosteric amino(methyl)tbiaznoiety’

Based on these preceding proof-of-concept stutlissthesis aimed at novi-acylated
3-(2-aminothiazol-5-yl)propylguanidines as potemid aselective KR agonists, which
might be useful as pharmacological tools to evaluaé physiological role of 4Rs, for
instance, in the CNS. The structure-activity relaships, the selectivity profiles and the

contribution of the 4-methyl substituent in theattole ring should be discussed.

As ligands containing two pharmacophoric entitig®owidd possess increased,RH
agonistic potenéy’® and might be useful to investigate GPCR dimenirgti*? the
feasibility of the bivalent ligand approach to apynidine-type BR agonists was
intended to be evaluated by linking two hetarylgtgpanidines through dicarboxylic

acids of different structure and length. In condition to this approach, unsymmetrical
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bivalent compounds bearing two different pharmacojghmoieties had to be designed,
synthesized and pharmacologically investigated roeloto elaborate structure-activity
relationships with respect to the role and theradgon site of the second set of
pharmacophoric groups. Herein, bivalent compoundth wombined agonistic and

antagonistic pharmacophores should be considered.

2-amino-4-methylthiazol-5-yl, 2- (het)aromatic
aminothiazol-5-yl, imidazol-4-yl and aliphatic
NH, O R3 guanidines;
)% R4 ﬁ NH, O o ﬁ hetarylpropyl-
N N amines;
H R2 n Het/\/\N)%NJ\spacer)LN/”L potentidine-like
H H antagonistic
R'=H, CH, ﬂ moieties
R?, R3 R*=H, Me, Et, iBu, NH,, SH, (CHy)n, n = 4-20; alkylchains containing disulfide,
Ph, cHex, (CH5)3;NH, ether, amide, phenylene groups; branched linkers

Figure 2.1. General structure of mono- and bivalent acylguaeidype HR agonists.

In addition, as a prerequisite for the applicatadnacylguanidine-type bR agonists as
pharmacological tools in cell based vitro studies or futurein vivo experiments,
representative compounds should be examined w#bert to their drug-like properties
and toxic effects. For this purpose, selected camgs had to be investigated for

hemolytic activity, cytotoxicity and plasma protdimding.
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NC-Acylated 3-(2-aminothiazol-5-yl)propyl-
guanidines: towards selective histamine §

receptor agonists

3.1 Introduction

N®-Acylated imidazolylpropylguanidines (e.g. NH, O CHs
) : N PN

UR-AK24) developed in our workgroup are </J/\/\H N

potent histamine MR agonists, but lacking  HN UR-AK24

selectivity for the HR, in particular versus H

3 NH, O RS
and H receptors:® Very recently, the N )\\N J\)\MR‘l
bioisosteric replacement of the imidazole ring H RZ.

R'=H, CH,

in the “privileged” imidazolylpropylguanidine
R2, R% R*=H, Me, Et, iBu, NH,, SH,

moiety of acylguanidine-type 4R agonists by Ph, cHex, (CH,)sNH,

a 2-aminothiazol-5-yl group resulted in almost

Figure 3.1. Bioisosteric replacement of the

equipotent KR agonists with much greaterimidazole ring in N®-aclyated imidazolyl-

selectivity for the human #R over H and H, propylguanidines (e.g. UR-AK24) resulting in
receptoré. Based on these preceding proof-ofhe title compounds with 2-aminothiazol-5-yl

concept studies, the bioisosteric approach w&§iety-

continued, aiming aN®-acylated 3-(2-aminothiazol-5-yl)propylguanidines @otent and
selective HR agonists, which might be useful as pharmacolbgaas to evaluate the
physiological role of BERs, for instance, in the CNS. The structure-agtivelationships
(SAR), the selectivity profiles and the contributiof the 4-methyl substituent in the

thiazole ring will be discussed.
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3.2 Chemistry

The preparation of the title compounds was prefely performed according to the
recently published procedurésThe thiazolylpropylamines3.13 and 3.14 were
synthesized from thiourea amdprotecteda-halo<w-amino ketone3.7 or aldehyde3.8,
respectively (Scheme 3.2). The amirde$3 and 3.14 were treated with the isothiourea
derivative 3.3°7 a well established guanidinylating reagent, in phesence of HgGl
Hereby, the metal ion acts as a desulfurizing agémtcomplex formatiorf:® After
hydrogenolytic cleavage of the Cbz-protecting graine Boc-protected aminothiazolyl-
propylguanidine building block3.17 and3.18were ready foN®-acylation, which can be
achieved by the aid of peptide coupling reagenishsas EDAC or CDI, or using

anhydrides, acid chlorides and active esters.

O s s iy 5Ot
X, = L or - — X
HoN™ "NH; H,N" S NH BocHN™ ~NH BocHN” ~NCbz
3.1 3.2 3.3

Scheme 3.1. Synthesis of N-tert-butoxycarbonyN"-benzyloxycarbonyl-S-methylisothiourea3.).
Reagents and conditions: (i) Mel (1 eq), MeOH, Hilux; (i) (Boc)O (1 eq), NEf (1 eq), DCM/abs,
overnight, rt; (iii) CbzOSu (1 eq), DCM/abs, 20rh,
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O

Ao~
HN 73 OH ol MCH

3 3

o Joo

0 0 0 0 O
N on 0 iN R éwa)%
Br
0 ] (0]

3.4 3.5,3.6 3.7,3.8

R o} R o)
v Vi
(V) NWN (vi) N)WN
\ys
H,N BocHN o
3.9, 3.10 3.11, 3.12
R R NBoc

(vii) NWNHZ (viii) NWH)LNHCbZ

\ys \ys

BocHN 3,13, 3.14 BocHN 3.15, 3.16

R Jr\tBoc | R
(ix) N)Y\A” NH, 3.5,3.7,3.9, 3.11, 3.13, 3.15, 3.17 | CH,

\%S 3.6, 3.8, 3.10, 3.12, 3.14, 3.16, 3.18| H
BocHN 3.17, 3.18

Scheme 3.2General procedure for the preparation of the Bmtgeted aminothiazolylpropylguanidines
3.17and3.18 Reagents and conditions: (i) phthalic anhydritieeq), 3 h, 80-100 °C; (i) (COGIY1.25
eq), DMSO (2.65 eq), NE{5.5 eq), DCM/abs, -50 °C, 45 min; (iii) phthalohei (0.5 eq), KCO; (0.75 eq),
DMF, 24 h, 80 °C; (iv) Br (1 eq), dioxane, DCM/abs, 1 h, rt; (v) thioureaeff), DMF, 3 h, 100 °C; (vi)
(Boc)O (1.08 eq), NEt(1.16 eq), DMAP (cat.), CHgl overnight, rt; (vii) NHs-H,O (5 eq), EtOH,
overnight, rt; (viii) 3.3 (1 eq), HgCl (2 eq), NE (3 eq), DCM/abs, 48 h, rt; (ix) 41 Pd/C (10 %),
MeOH/THF (1:1), 8 bar, 3-4 d, rt.

The synthetic strategies aimed at compounds of pigity on the low mg scale rather
than at optimization of yields and synthetic routesthis study, the guanidine building
blocks 3.17 and 3.18 were coupled to commercially available and regesyinthesized
carboxylic acids using EDAC, HOBt and DIEA as coungl reagents as well as to
pentanoyl and nonanoyl chloride. The resultifg®-acylated di-Boc-protected
aminothiazolylpropylguanidine3.19a-3.55awere deprotected using trifluoroacetic acid
and purified by preparative RP-HPLC to yield thglgoanidines3.19-3.55as TFA salts
with purities > 95 %.

The required carboxylic acids were mainly synthesirom commercially available or

synthesized ketons according to standard procedumetiding Horner-Wadsworth-
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Emmons reaction with triethyl phosphonoacetate aydrogenation of benzene rings
over Rh/AbO; or Rh/C catalyst*****

NBoc 0O R? o) 1)
)J\ R3 R2
X N NH2 + HO or HO or CI
\ S H R1 n R1n n
BocHN
B ~ ~
R ocC )N\H 0 R2 R Boc )N\H 0
i 3 2
_0 NS NN R™ or NWN SN R
\ H 1 n \ H N
S R >/S
BocHN 3 19a-3.21a, 3.242-3.28a, BocHN 3 524, 3.23a, 3.29a, 3.30a,
3.31a-3.37a, 3.39a-3.464a, 3.38a, 3.47a
3.48a-3.55a
R NH, O R? R NH, O
. R3 ~ R2
(i) NWHJ\\NW or N)Y\/\H)\N)L(\r)n
)-s Rt " \ S R’
HoN 3.19-3.21, 3.24-3.28, 3.31-3.37, H-N 3.22, 3.23, 3.29, 3.30,
3.39-3.46, 3.48-3.55 3.38, 3.47
Compd. R R RR R n| Compd R R R? R® n
3.19a,319 CH; H H H 0| 3.38a,3.38 H Ph cHex - 1
3.20a,3.20 CH; H H CH; 1 |3.39a,3.39 H CH; H Ph 0
3.21a,3.21 CH; H H CH; 5 |3.40a,3.40 H CH,CH; H Ph 0
3.22a,3.22 CH; - Ph - 0| 3.41a,3.41 H H CH, 4-Me-Ph 0
3.23a,323 CH; H Ph - 1| 3.42a,3.42 H H H 4-OH-Ph 0
3.24a,3.24 CH; H H Ph 0| 3.43a,3.43 H H (CH,)3NH, Ph 0
3.25a,3.25 CH; H H Ph 1| 3.44a,3.44 H H CH; Ph 1
3.26a,3.26 CH; H H Ph 2| 3.45a,3.45 H H CH; 3-OMe-Ph 1
3.27a,3.27 CH; H H Ph 3| 3.46a,3.46 H H CH; 4-OMe-Ph 1
3.28a,3.28 CH; H Ph Ph 0| 3.47a,3.47 H - cHex - 1
3.29a,3.29 CH; - cHex - 0| 3.48a,3.48 H H H cHex 0
3.30a,3.30 CH; H cHex - 1| 3.49a,3.49 H H H cHex 1
3.31a,3.31 CH; H NH, 8 | 3.50a,3.50 H H CH,CH(CHa), cHex 0
3.32a,3.32 H H H 0| 3.51a,351 H H CH; cHex 1
3.333,3.33 H H H CH; 1 |352a,352 H H CH,CH; cHex 1
3.34a,3.34 H H H CH; 5 |353a,353 H H H NH, 3
3.35a,3.35 H H H CH; 15| 3.54a,3.54 H H H NH, 8
3.36a,3.36 H H H Ph 1| 3.55a,355 H H H SCOCH 3
3.37a,3.37 H H H Ph 2
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Scheme 3.3General procedure for the coupling of the buildbigcks3.17 and3.18 respectively, with
various carboxylic acids. Reagents and conditigindor 3.193 3.22a-3.32aand 3.35a-3.55a EDAC (1
eq), HOBt (1 eq), DIEA (1 eq), DCM/abs, 16 h, by 3.203 3.213 3.33a and 3.34a pertinent acid
chloride (1 eq), NEt(1 eq), DCM/abs, 20 h, rt; (ii) 20 % TFA, DCM/al3s5 h, rt.

Compound3.56 with a free thiol group was conveniently synthediZrom 3.55 by
cleavage of the thioester group under basic camdtifollowed by separation with

preparative RP-HPLC.
NH, O NH, O
NWHJ\\NJLM?TCHs 0 N/W”X\N)LM?H
>\/s o] >\/s
N N

H> 3.55 H;

3.56

Scheme 3.4Synthesis 08.56 Reagents and conditions: (i) 1IN NaOH, MeCN, 30,nti

As depicted in Scheme 3.5, the free amino groupsompounds3.3], 3.53 and 3.71
(methylated analog d8.43 UR-AK466)"'° were acylated by stirring with the pertinent
succinimidyl ester for a few hours at room tempaetaffording the compounds57,
3.59 and 3.61-3.63 In addition, the fluorescent compoun®s58 and 3.60 were
synthesized from the amin@s31 and3.71, respectively, and the pyrylium dye py-1 by
ring transformation within one hour at room tempam@ Due to the ring transformation,
resulting in positively charged pyridinium composnthe absorption maximum is shifted
from about 600 nm to 500 ntfiThis is visible by change in color from dark bloered
(“chameleon dye”). All labeled compounds were padfby preparative RP-HPLC.
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HaC NH, O(HC) 2
HsC
(i)
NS N” N <
-5 H NG T
H,N 3.7 , -
{)\ H,N
HsC
N)CS
NWN \NMNTR
\ S H n 5 | R R! n
H,N 3.59, 3.62, 3.63 3.59 | CH; CH,CH; 10
362| H CHCH; 5
T 0} 3631 H 4-F-CgH, 5 N
HsC X
R NH, O H5C NH, O +/ |
< PN JLHNHZ (i WN \N/”\HN\
N\ H N n —_— N\ s H 10 oH
7S 7 3.60 3
H,N 3.31,3.53 HoN py-1
"05S
CENS ) N
o T BF,
HyG )N\H2 0 NS ;\lgH) )
2/4 H-C
PN NS ol C N
>\/S H 10 5 NN~
H,N 3.61 CH,

Scheme 3.5General procedure for the preparation of compotEds-3.63 Reagents and conditions: (i)
for 3.57 and 3.63 succinimidyl 4-F-benzoate (0.8 eq), NKE8 eq), MeCN, 4-5 h, rt; foB.59 and3.62
succinimidyl propionate (0.8 eq), NE{3 eq), MeCN, 4-5 h, rt; (iipy-1 (0.4 eq), NEf (3 eq), MeCN,
DMF, 1h, rt; (iii) succinimidyl ester of the cyamimye S0586 (0.5 eq), NHB eq), MeCN, DMF, 20 h, rt.

Finally, deprotection of the building blocBsl17and3.18under acidic conditions resulted
in  3-(2-amino-4-methylthiazol-5-ylpropyl)guaniding.64 and 3-(2-aminothiazol-5-
ylpropyl)guanidine3.65 respectively.

R NBoc R NH

0) PN R
NWﬁkNHz — NWﬁ NH> 3eacH,
)-s s 3.65| H

BocHN 5 47 3.18 HoN 3.64,3.65

Scheme 3.6Synthesis of the 2-aminothiazolylpropylguanidiBe®4 and3.65 Reaction and conditions: (i)
20 % TFA, DCM/abs, 3 h, rt.
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3.3 Pharmacological results and discussion

In additon to the newly synthesizeti®-acylated 3-(2-amino-4-methylthiazol-5-
yl)propylguanidines3.19-3.31and 3.57-3.61and N®-acylated 3-(2-aminothiazol-5-yl)-
propylguanidines3.32-3.56 3.62 and 3.63 previously preparedN®-acylated amino-
thiazolylpropylguanidines are included in this gattto a more comprehensive overview
of the structure-activity relationships of this sdaof compounds. All investigated

compounds are listed in Table 3.1.

Table 3.1.Structural overview of investigatédf-acylated aminothiazolylpropylguanidines.

x N \N R! S NJ\NH
N H N H 2
>\/S >\/s
H,N
2 3.19'3.63 H2N 3.64, 3.65
3.66-3.852
Compd. Rl Compd.
R=CH R=H R=CH R=H
3.19 3.32 S 3.29
3.20 3.33 fﬁ\Hg 3.30 3.47
3.21 3.34 ff\(ﬁ; 3.48
3.35 Ny 3.49

3.22 ’f\@ 375 3.84
3.23 f\)@ 3.76

324  3.80° "3\/\© 377 3.85

CE S F33L 354

325  3.36 f\/\/@ 3.50
R

326 3.37 V\/\© 378 351

3.27 f\/\/\/@ 37¢ 352

JES
3.38 | 3.53 fe\%’"”z
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Table 3.1.(continued)

X
366 3.39 m 331 354 AN
S S S _CH
367  3.40 j/\© 3.55 *’g\g/ :
3.87° fﬁd\@ 3.56 f*af”
(CH,)sNHR?
3.68 3.82 - 3.57 #
O (CHo)NHR?
3.28 3.83 R O 3.58 -
H
3.69 3.41 fed\@\ 3.59 3M1“(‘)Y\CH3
(0]
s
370 3.42 \/\©\ 3.60 A Adl
OH 10
(CHp)3NH; .
37F 343 fv\@ 367 4 AV
H
3.72 3.44 3.62 SNINcn,
X 5
(0]
OMe y F
3.73 3.45 3.63 *‘f\HN)\/@
r\f 5
(6]
OMe
374 346 f\)\/©/ 364 365

2 Compounds3.66-3.85were provided by Dr. A. Kraus. For experimentatadaee Ref™® ° For full
chemical structure see Scheme 3.5.

The acylguanidines, structurally related compoui3dé4 3.695 and reference substances
were investigated for #R agonism in the steady-state GTPase assay usintpraee
preparations of Sf9 insect cells expressing hurhaor guinea pig (gp) HR-Gsus fusion
proteins, measuring the enzymatic hydrolysis ofaactively labeled \-*P]GTP or -
¥p]GTP, respectively, induced by,Rimediated G-protein activation (Table 3'2).
Additionally, selected compounds were investigatethe spontaneously beating gp right
atrium as a pharmacological standard model for dh&racterization of R ligands,
determining the positive chronotropic response uefgstamine as reference compound
(Table 3.3)* To study receptor selectivity, representative coumgls were investigated
in GTPase assays at recombinant human histamineld-and H, receptors (Table 3.4),
using membrane preparations of Sf9 insect cellsesging the hiR plus RGS4, the
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hH3R plus G, plus @y plus RGS4 and the hR-RGS19 fusion protein plusdz plus
GB1y2. The major advantage of the well-proven test sysdpplied in this study is that an
identical, very proximal read-out in G-protein-megedd signaling is used for any given
HR subtype, namely, steady-state GTP hydrolysiss Tead-out avoids bias in data
interpretation caused by limited availability ofvdastream effectors.

3.3.1 Histamine H receptor agonism

3.3.1.1 HR agonism at human and guinea pig bR fusion proteins in the

GTPase assay

All investigatedN®-acylated aminothiazolylpropylguanidines provedeopartial or full
agonists in the GTPase assay atRibsis and gpHR-Gsus fusion proteins expressed in
Sf9 insect cells (Table 3.2). The most potenRHgonists of this series surpassed the
potency of histamine about 100 and 400 times apRhBsis and gpHR-Gsus,
respectively. Comparison of the activities 8f64 and 3.65 with the N®-acylated
compounds clearly demonstrated that thR ldgonistic potency is strongly dependent on
the structure of the acyl substituent (cf* R Table 3.1). This confirms previous
observations from guanidine-typeRiagonists revealing that the hetarylpropylguamdin
part is crucial for HR agonism, whereas the substituent aiNfimitrogen is necessary as

affinity-conferring moiety->*°

2-Aminothiazoles lacking the 4-methyl group32-3.34 3.36-3.373.39-3.47 3.51-3.52
3.54, 3.65 3.80 and 3.82-3.85 showed slightly lower potencies and similar agldly
higher efficacies than their corresponding metlegdainalogs3.19-3.21 3.24-3.26 3.28
3.30-3.31 3.64 3.66-3.75 and 3.77-3.79. In contrast to the thiazolylethylamine
amthaminé,’ the introduction of a methyl group at positionf4te thiazole ring did not
generally increase the agonistic activity of thglgganidine-type BR ligands. Thus, the
methyl group is not necessary fogRHagonistic activity. On the other hand, the 4-rgleth
group may be beneficial in terms of toxicity. Retgnstrong evidence was arising
concerning a toxic potential of 2-aminothiazoleg da bioactivation of the heterocycle
resulting in electrophilic intermediates capabldiniding to proteins covalenty:*®

In accordance to the structure-activity relatiopshbf N®-acylated imidazolylpropyl-

guanidines, the replacement of a phenyl with a cyclohexyl niegulted mostly in higher
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potencies and efficacies at RGsis and gpHR-Gsus, for example 3.29 versus3.22
3.30 versus3.23 3.84 versus3.83 and 3.85 versus3.82 The agonistic activity was
strongly affected by the chain between carbonylugrand phenyl or cyclohexyl ring,
respectively: compounds with a two- to three-membtararbon chain3(25 3.26 3.36
3.37 3.48 3.49 were most potent at both BRFGsis (PEGso values< 7.83) and gpbR-
Gaus (PEGsp values< 8.13). While methyl substituents dén or 3-position to the carbonyl
group in 3-phenyl- and 3-cylohexylpropanoyl compasinwere well tolerated, the
introduction of more bulky side chains reduced poies and efficacies on both receptors
(3.28 3.40 3.50 3.67, 3.68 3.76 3.77, 3.82 3.83 and 3.89. Introduction of apara
hydroxy group at the aromatic ring of the 3-phenyianoyl analogs3(24 - 3.7Q 3.80

- 3.42 resulted in decreased potencies but increasedaetfs at hbR-Gsis and
gpH:R-Gaxs. Compounds3.42 and3.70 were nearly full agonists at hR-Gsus (Enax >
0.86) and gpbR-Gsis (Emax > 0.89), respectively. Notably, for compould2 the
preference for the recombinant giitirelative to the hER diminished significantly. The
3-methyl-4-phenylbutanoyl compound3. {2 3.44) exhibited nearly the same efficacies
as the 4-phenylbutanoyl derivative3.26 3.37) but had significantly lower potencies.
The introduction ofmeta or para methoxy substituents, respectively, was well ik,
whereas themeta substitution was slightly favored3.73 vs. 3.74 3.45 vs. 3.46.
Moreover, the branched 2-cyclohexyl-2-phenylacedgidue in compound.38 caused a
complete loss of agonistic activity at the MR4Gsus. Thus, hydrophobic properties of the
acyl residue as well as sterical factors proveg@lay an important role in ligand -,R

interaction.

Concerning guanidines bearing simpl-alkanoyl substituents, compoun8s20 and
3.33with a pentanoyl residue showed moderaiR ldgonistic activity at both HR-Gsus
and gpHR-Gsxs fusion proteins. Shortening.(l9 3.32 and elongation3.21, 3.34
3.3H of the carbon chain resulted in considerably cedupotencies or a complete loss of
agonistic activity at the hR-Gsus (3.35. Introduction of a thiol group in the side chain
(3.56 resulted in decreased potency, whereas the maxepanse at the gpR-Gsis
was drastically increased. Compoud®5 the acetic acid thioester 856 was 7-fold
more potent at hR-Gsis and gpHR-Gsis. Most notably, the 11-aminoundecanoyl
guanidines3.31 and 3.54 were potent kR agonists with up to 45 and 230 times higher
potencies than histamine at 3##4Gsus and gpHR-Gsus, respectively. Comparison of the
agonistic potency o0B.54 with the 6-aminohexanoyl guanidir®&53 and thealkanoyl
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guanidines3.32-3.35suggested that the increase in potency resulted the additional
basic group at appropriate distance to the pharptere and that the contribution of the
hydrophobic alkyl linker was rather low (cf. FiguBe4). Notably, masking of the basic
amino group ir8.31by propionylation .59 resulted in a decrease in potency by a factor

of 2-3 at both receptors, whereas efficacies wetafiected.

~a- 3.32 -e- 3.33 -e- 334 -¢- 353 = 354

1009 A hH,R-Gsa g B gpH,R-Gsag - 100

-0 9 8 -7 6 5 -10 9 -8 -7 -6 -5
ligand (log M) ligand (log M)

GTP hydrolysis (% change of basal)
GTP hydrolysis (% change of basal)

Figure 3.2. Effects of 3.32-3.34 3.53 and 3.54 on the GTPase activity. Mean values + SEM of
representative experiments performed in duplicatenembranes expressing fR4Gsis (A) and gpHR-
Gsus (B). Data are expressed as percentage change in &Hetsity relative to the effect induced by
histamine (100 uM) = 100 %.

In principle, a free amino group in the acyl regidi the molecules allows for convenient
fluorescence and radio labeling. Recently, suchapproach was developed in our
workgroup for the labeling of argininamide-type repeptide Y (NPY) Y receptor
antagonistd® In those NPY receptor ligands, space-filling amdieties attached to the
guanidine group were tolerated without drastic ease in activity. Therefore,
prototypical compounds were synthesized to exptbee applicability of this labeling
strategy to acylguanidine-type radiotracers andréascent ligands for the,R. The free
amino groups in compoun@s3], 3.53and3.71were acylated with the “cold” versions of
succinimidyl propionate3(31 —» 3.59 3.53 - 3.62 or 4-F-benzoate3(53 - 3.63 3.71

- 3.57) or the succinimidyl ester of the cyanine dye SO&831 - 3.61). In addition,
3.31and3.71were derivatized with the fluorescent pyrylium gyel 3.31 - 3.60 3.71

- 3.58.
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Table 3.2. Potencies and efficacies ®®-acylated aminothiazolylpropylguanidines at ,R=-Gsis and

gpH:R-Gsus fusion proteins in the steady-state GTPase dssay.

hH,R-Gsog gpH,R-Gsasg ECso (hH,R-

Compd. pEC+ SEM  Epgt SEM POty PECso* SEM  Epact SEM  Pote Gsos) [ ECso

(gpH2R-Gsuy)

His®  5.90 % 0.09 1.00 10 592+0.09 1.00 10 1.05
Amt™  672+010 091+002 66 672009 1.04%0.016.3 1.00
364 601+005 032+00 13 637007 07600228 219
365 548+002 034+003 04 591+011  0.69+0.051.0 257
319 583+027 062+004 09 671+002 091%00362 7.24
320 7.06+003 069+003 145 7.54+001 0.82200 41.7 2.88
321  7.02+015 052+007 132 7.46+029 0.6960.0 34.7 2.63
322 583+004 056+002 09 652+014  0.80+0.06 4.0 4.68
323  7.02+003 068+001 132 7.67+033 0.7940.0 56.2 4.27
324 7.69+013 077+002 617 813+005 0762001622  2.63
325 7.83+010 066+004 851 808+020 0808001445  1.70
326 7.66+0.16 063+002 575 7.86+006 0.680.0 87.1 151
327  754+014 049+001 437 7.92+024 0462001000 229
366 7.82+017 075+003 832 855+007 076800 426.6  5.13
367 7.38+020 049+001 302 814+011 068500 166.0 550
368  7.70£007 052+004 631 844+009 0859003311 525
328  7.04+007 045+004 138 7.98+0.18 084200 1148 832
369 7.56+024 075+007 457 816+023 0.73700173.8  3.80
370 7.52+003 086+002 417 807+024 088001413  3.39
371  6.83+004 066+004 85 816+032 1.03+0.1173.8  20.42
372 7394002 063+003 309 7.59+032 073800 46.8 151
373  7.44+019 069+003 347 7.87+017 0.66200 89.1 2.57
374 7.12+007 048+001 166 7.56+0.19 050500 43.7 2.63
329 7.29+010 072+001 246 7.80+022 0.7860.0 75.9 3.09
330 7314004 071+008 257 7.78+023 0.83800 72.4 2.82
375 7.88+0.16 062+003 955 818+023 0548011820 191
376  7.42+003 020+001 331 7.76+0.16 052600 69.2 2.09
377 7.83+001 064+002 851 810+011 0822001514 178
378  7.61+003 042+003 513 7.85+0.16 0.62#0.0 45.7 0.89
379 7994013 019+002 123.0837+0.10 041+001 2818 229
331 745+014 066+007 355 800+009 0868001202  3.39
357 651+017 047+001 41 6.60+0.10 0.57+0.014.8 117
358  6.27+009 042+007 24 653+0.03 0.82+0.024.1 1.74
359  7.09+00l1 063+004 155 7.58+0.10 0.9160.0 45.7 2.95
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Table 3.2.(continued)

3.60 6.95 0.49 112 7.19+0.07 052+0.07 186 1.66
3.61 5.52 0.46 0.4 5.46 0.32 0.4 0.83
3.32 6.44+006 0.76+0.04 35 6.90 0.85 9.6 2.75
3.33 6.82+0.02 0.73+0.01 83 7.28+0.01 0.82+0.0422.9 2.75
3.34 711+006 059+0.01 16.2 7.36+0.05 0.8320.0 27.5 1.70
3.35 (- - - 5.43+0.17  0.39+0.07 0.3 -
3.80 7.63+0.03 0.82+0.02 537 8.01+015 0.8080.1123.0 2.29
3.36 717+005 0.75+0.01 186 7.50+0.03  0.92#0.0 38.0 2.04
3.37 7.25+0.03 066+0.02 224 755+0.0 0.82+0.0142.7 1.91
3.38 (- - ) 6.41+0.02 0.33+0.01 3.1 -
3.39 741+004 0.77+0.02 324 7.87+002 0.91£00 89.1 2.75
3.40 712+00 051+001 16.6 7.31+0.03 0.74+0.0524.6 1.48
3.81 757+0.13 0.81+0.07 468 8.21+0.15  0.84#0.0 195.0 4.17
3.82 753+0.09 067+0.05 427 7.69+0.20 0.8740.2 58.9 1.38
3.83 7.33+0.17 066005 26.9 815+024 0.88#60.0 169.8 6.31
3.41 7.38+0.18 0.74+0.02 302 7.76+021  1.00:80.0 69.2 2.29
3.42 746+003 090+0.04 36.3 7.45+0.04 0.9320.0 33.9 0.93
3.43 6.57+0.07 052+0.05 47 7.71+011  0.91+0.0261.7 13.80
3.44 710+0.10 0.70+0.03 159 7.23+0.02  0.93#0.0 20.4 1.29
3.45 716+0.06 0.69+0.01 182 7.27+0.07 0.8720.0 22.4 1.23
3.46 7.09+005 049+0.02 155 7.13+0.05 0.5820.0 16.2 1.05
3.47 7.23+001 0.73+0.04 214 7.47+001  0.9940.0 355 1.66
3.48 7.65+001 0.74+0.01 56.2 8.09+0.02  0.93#0.0 147.9 2.63
3.49 7.28+009 056+0.02 240 7.71+024 0.8040.0 61.7 2.57
3.84 7.70+0.18 0.72+0.07 63.1 7.97+006 0.79#40.1 112.2 1.78
3.85 7.90+0.13 0.68+0.05 100.08.22+0.33 0.88+0.06 1995 2.00
3.50 747+007 0.17+0.01 372 7.31+021 0.61£20.0 24.6 0.66
3.51 736+0.03 049+00 288 7.43+0.22 0.72+0.0232.4 1.12
3.52 726+00 0.26+0.02 229 7.36+0.04 0.45+0.0127.5 1.20
3.53 6.36+0.28 042+0.01 29 7.35+0.05 0.79+0.0426.9 9.33
3.54 755+0.17 0.69+0.01 447 8.29+0.07  0.9220.0 234.4 5.25
3.55 748+0.13 0.75+0.03 380 7.74+0.12 0.85#0.0 66.1 1.74
3.56 6.64+002 054+011 55 6.86+0.11 1.04+0.058.7 1.58
3.62 6.25+0.06 0.74+0.01 22 6.38+0.01 0.76 +0.0 2.9 1.29
3.63 7.00+001 0.75+0.02 126 7.36+0.08 0.58#0.0 27.5 2.29

4Steady-state GTPase activity in Sf9 membranes sgijig hHR-Gsisand gpHR-Gsiswas determined as
described undePharmacological methods. Reaction mixtures contained ligands at concdotratfrom 1

nM to 10uM as appropriate to generate saturated concemireggponse curves. Data were analyzed by
nonlinear regression and were best fit to sigmoadedcentration-response curves. Typical basal G&Pas
activities ranged between 0.5 and 2.5 pmohgmin®, and activities stimulated by histamine (10)
ranged between 2 and 13 pmahgmin™. The efficacy (Eay) of histamine was determined by nonlinear
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regression and was set to 1.0. Thg.&alues of other agonists were referred to thiseiaData shown are
means + SEM of 1-4 independent experiments, eacforpged in duplicate. The relative potency of
histamine was set to 1.0, and the potencies ofr athenists were referred to this valdeNo agonistic
activity.

Masking of the free amino groups with propionatel dt-benzoate, respectively, resulted
in considerably decreased potencies (excepBf68 at hHR-Gsis and gpHR-Gsus.
Moreover,3.61, coupled to the cyanine dye (S0586), showed oagligible activities at
both recombinant pRs (pEGo < 5.5), whereas the py-labeled compouBds8 and3.60
retained weak to moderate,Ri agonistic activities (pEf < 7.2). Fluorescent #R
agonists should be useful pharmacological toolsstodies on the cellular level, for
example, to investigate receptor internalizatiomfdunately, the new fluorescence-
labeled compounds turned out to be inappropriatecémfocal microscopy due to low
specific binding 8.61) or receptor-independent diffusion through thel ceémbrane
(3.58 3.60. Thus, there is no universal recipe for labelimig GPCR ligands. The
optimization of the structures for individual bigioal targets with respect to potency and

physicochemical properties is indispensable.

In accordance with previous results for alkylatad acylated imidazolylalkylguanidines,
the aminothiazolylpropylguanidines described irs tblhapter exhibited higher potencies
and efficacies at gpiR-Gars compared to hpR-Gsis>***# In particular, a free amino
group @.43 3.53 3.54and3.71) enhanced the preference for the giRkdrtholog. Figure
3.3 shows the comparison of potencies and effisaci¢ selectedN®-acylated
aminothiazolylpropylguanidines at BRFGsis versus gpbR-Gsis. Very recently, the
highest ratio of E€ values (EGy (hH:R-Gsus)/ EGso (gpH:R-Gsus)) was found for
compound3.71 with a 6-amino-3-phenylhexanoyl residu&he high species-dependent
preference was confirmed for the corresponding uhyteged analog3.43 These
compounds exhibited moderate agonistic activitieBHR-Gsis, but were 14-20 times
more potent at gpiR-Gsus and therefore exhibited the highest selectivityanls
gpH:R-Gsus within this series of BR agonists. Notably, derivatization of the free @amni
group diminished the preference for the gRt$pecies ortholog, for exampiy/1versus
3.57(ratio of EGp values: 20.4-» 1.17) and3.71versus3.58(20.4 - 1.74).
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Figure 3.3. Efficacies and potencies of selected title compsu@.19-3.21 3.23-3.26 3.28-3.31 3.39-
3.43 3.51-3.553.57, 3.58and 3.71) at hHR-Gsus in comparison with gpHR-Gsis as determined in the
steady-state GTPase assay. The dotted lines reptbseline of identityA: Plot of efficacies at gpiR-

Gsus vs. hH,R-Gsus. B: Plot of pEGq at gpHR-Gsus vs. hH,R-Gsuis,

3.3.1.2 HR agonism on the isolated guinea pig right atrium

In addition to the GTPase assay, selected compoweds investigated on the isolated

spontaneously beating guinea pig right atrium asae complex, well established

standard model for the characterization eRHigands. As reported recenflyzompared

with the gpHR-Gsus fusion protein the potencies of the aminothiazoiypylguanidines

were lower at the gp right atrium (Table 3.3), the order of potency was essentially in

good agreement. The most potenRHagonists surpassed the potency of histamine by a

factor of about 40. Aminothiazoles lacking the 4tinyé substituent showed slightly

higher potencies relative to their methylated agsldor example3.24 versus3.80 and

3.77 versus3.85 The positive chronotropic response was mediatethé HR since it
could be blocked by the ;R antagonist cimetidine (10-100 pM). Typical conpet

experiments are shown f8r71in Figure 3.4
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Table 3.3.H,R agonism on the guinea pig right atrium.

Compd. PECso+ SEM? Emax + SEMP POt
His 6.00 + 0.02 1.0 £0.02 1.0
Amt? 6.21 + 0.09 0.95 + 0.02 1.6
3.23 6.22 + 0.01 0.82 +0.03 1.7
3.24 6.72 + 0.04 0.78 + 0.02 5.8
3.77 7.55+0.03 0.97 +0.02 35.3
3.30 6.61 + 0.07 0.86 +0.02 4.1
3.75 6.75 + 0.10 0.65 + 0.03 5.7
3.77 7.25+0.12 0.70 + 0.03 17.6
3.80° 7.18 +0.04 0.92 + 0.02 15.2
3.8% 7.54 +0.08 0.74 + 0.05 34.7
3.85 7.61+0.12 0.74 + 0.04 40.7

#pEG, values were calculated from the mean shifEG;, of the agonist curve relative to the histamine
reference curve by equation: pG 6.00 + 0.13 +ApEG,; summand 0.13 represents the mean
desensitization observed for control organs whemduccessive curves for histamine were performekB(0
+0.02, N = 16); the SEM given for pE{s the SEM calculated faxpEGs, for 3-7 experiments.Intrinsic
activity, maximal response, relative to the maxinrarease in heart rate induced by the reference
compound histamine (30 uM) = 1{Potency relative to histamine = 1.0.

=
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Figure 3.4. Concentration-response curves on the guinea gig atrium. Histamine &, pEG, = 6.00+
0.06, N =4)3.71alone W, pEG = 7.42+ 0.04, relative potency 3,530 % (95 % confidennetti 2,900 —
4,310), Rax = 97+ 2, N = 4) and3.71 (OJ) in the presence of the,R antagonist cimetidine (10M,
preincubation for 30 min, pA= 6.24+ 0.12, N = 2). Addition of cimetidine (3Q0M and 100uM,
preincubation for 60 min each) led to a fadingha& maximum response inducedy1 (10 uM, l) to 76
+2 % (@) and 50+ 4 % ©) (N = 4 each). Also from these experiments, affirof cimetidine was
estimated to be pA= 6.32+ 0.08 and 6.4& 0.05, respectively (N = 4 each) by measuring thezbntal

distance of® andO relative to the agonist curvillj.*
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3.3.2 Receptor selectivity

To determine the histamine receptor selectivityfiirghuman HR vs. H;R, HsR, HsR),
representative compounds were investigated in GIBssays on recombinant human H
Hs; and H, receptors for agonism and antagonism, respecti{edple 3.4). Except for
compounds3.31and3.54 which also showed moderate antagonistic effactseahHR,
the investigated\®-acylated aminothiazolylpropylguanidines showed agpnistic or
relevant antagonistic effects in the GTPase assaysHR, hHsR and hHR. It can be
speculated whether the moderate antagonistic sffattthe hkR of the two 11-
aminoundecanoyl guanidine8.81, 3.54 depend on the free amino group in the side
chain, as capping of the amino group resulteddroa of the antagonistic effe@.81vs.
3.59. However, all other 2-aminothiazoles containingef amino functions3(43 3.53
and 3.71) showed only negligible effects at non-Hiistamine receptors. Thus, in
agreement with recent results the investigaté@acylated aminothiazolylpropyl-
guanidines are highly selective for theRf* These data confirm the working hypothesis
that the 2-aminothiazole and the imidazole moiegyl@oisosteric groups at theRi but
not at the HR and the HR.*

Table 3.4.Agonistic, antagonistic and inverse agonistic @feof bivalent ligands at hR + RGS4, hER
+ Goj, + By, + RGS4 anthH,R-RGS19 + @, + GB,y, expressed in Sf9 cell membraries.

hH,R hH3R hH,R hH,R hH3R hH4R
Compd. Compd.

PKs PKs pPKs pPKs PKs PKg
3.20 <5.00 <5.00 <5.00 3.53 < 6.00 nd nd®
3.24 <6.00 <5.00 <5.00 3.54 7.48 +0.01 nd nd®
3.28 < 6.00 <5.00 < 6.00 3.59 <6.00 < 6.00 <6.00
331 7.06+0.09 <5.00 <500| 371 <5.00 <5.00 <6.00
3.42 <5.00 <5.00 <5.00 3.78 <6.00 <6.00 <6.00
3.43 <6.00 nd nd’ 3.80 <5.00 <5.00 <5.00
3.44 <6.00 <5.00 <5.00 3.81 <5.00 <5.00 <5.00
3.48 < 6.00 <5.00 < 6.00 3.83 <5.00 <5.00 <6.00
3.51 <5.00 <5.00 < 6.00

4 Steady state GTPase activity in Sf9 membranes ssiog hHR+RGS4, hHR+Goj+GB1y,+RGS4 and
hH,R-RGS19+G,»,+GBry>, was determined as described undemarmacological methods. Reaction
mixtures contained ligands at concentrations from\VLto 100 uM as appropriate to generate saturated
concentration-response curves. For the determmati@ntagonism, reaction mixtures contained higtam
(hH;R: 1 uM; hKR, hH,R: 100 nM) and ligands at concentrations from 1toM mM. Data were analyzed
by nonlinear regression and were best fitted taneigal concentration-response curves. Typical basal
GTPase activities stimulated by histamine (M) ranged betweer 3.0 and 4.5 pmahgmin™. Data
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shown are mean values from one to three experinpemtsrmed in duplicate. Kgvalues were converted to
Kg values using the Cheng-Prusoff equafithnd: not determined.

3.4 Summary

Based on previous studié) NC-acylated aminothiazolylpropylguanidines were
synthesized and pharmacologically characterizeghto more insight into the structure-
activity relationships and to develop selectivgRHagonists as pharmacological tools for
more detailed investigations of the biological rakthe HR. The title compounds
proved to be partial to full agonists at the guip&garight atrium as well as at hR-Gsus
and gpHR-Gsus fusion proteins, respectively. The replacementaophenyl with a
cyclohexyl ring resulted mainly in higher potencaesl efficacies at both-,R orthologs.
Highest potency resided in compounds having a twahree-membered carbon chain
between carbonyl group and phenyl or cyclohexyy,rirespectively. Whereas methyl
substituents ini- or B-position to the carbonyl group in 3-phenyl- anayBhexyl-
propanoyl compounds were well tolerated, the iniotiddn of more bulky side chains
reduced the potency and efficacy at th#&ksl Notably, the introduction of a free amino
group at an appropriate distance to the pharmacephas beneficial with respect toRi
agonistic potency. The R agonistic activities of analogs lacking the 44myegroup at
the thiazole ring indicate that, in contrast to laamine, this methyl substituent neither
increased the agonistic activity for acylguanidipgee compounds in the GTPase assay
nor at the gp right atrium. Moreover, in accordatecéhe structure-activity relationships
of NC-acylated imidazolylpropylguanidines, all investiggh aminothiazolylpropyl-
guanidines exhibited higher potencies and efficagiegpHR-Gsis compared to hhR-
Gaus. In particular, a free amino grou@d.43 3.53 3.54 and 3.71) enhanced the
preference for the gpiR. Furthermore, investigation of the receptor delidg profile
(human HR vs. H;R, HR, HiR) revealed thatN®-acylated aminothiazolylpropyl-
guanidines are highly selective for theRd Whereas compounds of the imidazole series
are very potent agonists or antagonists at thgRhldnd hHR, respectively, the
investigated\®-acylated aminothiazolylpropylguanidines showedyamgligible effects
at non-H histamine receptors. Thus, this study substastiatevious results, confirming
that the 2-aminothiazole and the imidazole moiegyl@oisosteric groups at theRi but
not at the HR and HR.
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3.5 Experimental section

3.5.1 Chemistry

3.5.1.1 General conditions

Commercially available reagents were purchased #@nos Organics (Geel, Belgium),
Lancaster Synthesis GmbH (Frankfurt, Germany), Sigddrich Chemie GmbH
(Minchen, Germany), Alfa Aesar GmbH & Co KG (Kaulise, Germany), Iris Biotech
GmbH (Marktredwitz, Germany) or Merck KGaA (DarnmdftaGermany) and used as
received. Where indicated, reactions were carrigdumder a dry, oxygen-free argon
atmosphere. All solvents used were of analyticaldlgror distilled before use. THF and
Et,O were distilled over Na, DCM was predried over Ga& distilled from BOs and
stored under argon atmosphere over molecular s@vesColumn chromatography was
carried out using Merck silica gel Geduran 60 (8-06200) and Merck silica gel 60
(0.040-0.063) for flash column chromatography. émain cases, flash chromatography
was performed on an Intelli Flash 310 Flash Chrography Workstation from Varian
Deutschland GmbH (Darmstadt, Germany). Reactionge weonitored by thin layer
chromatography (TLC) on Merck silica gel 6@sfaluminium sheets and spots were
visualized with UV light at 254 nm.

Nuclear Magnetic ResonancéH(NMR and *C-NMR) spectra were recorded on a
Bruker Avance 300 spectrometer using per-deuterstdeents. The chemical shidtis
given in parts per million (ppm) with referencetih@ chemical shift of the residual protic
solvent compared to tetramethylsilawe=(0 ppm). Multiplicities were specified with the
following abbreviations: s (singlet), d (doublétjtriplet), q (quartet) and m (multiplet) as
well as combinations thereof. The multiplicity ofrbon atoms C-NMR) were
determined by DEPT 135 and DEPT 90 (distortionlesRancement by polarization
transfer): “+” primary and tertiary carbon atom ¢ive DEPT 135 signal), “-“ secondary
carbon atom (negative DEPT 135 signal), “quat” qusry carbon atom. Mass
spectrometry analysis (MS) was performed on a BemMAT 95, a Finnigan SSQ 710A
and on a Finnigan ThermoQuest TSQ 7000 spectrombtelting points (mp) were
measured on a BUCHI 530 electrically heated copppeck apparatus using an open
capillary and are uncorrected.
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Preparative HPLC was performed with a pump model8RO (Knauer, Berlin,
Germany), the column was either a Eurosphere-180 @ 32 mm) (Knauer) or a
Nucleodur-100 ggec (250 x 21 mm) (Macherey-Nagel, Duren, Germamilich were
attached to the UV-detector model K-2000 (KnaudN-detection was done at 210 nm.
The temperature was 25 °C and the flow rate 37 ml{Burosphere-100) or 20 ml/min
(Nucleodur-100 ggec), respectively. The mobile phase was 0.1% TF#iifipore water
and MeCN. Analytical HPLC was performed on a systeam Thermo Separation
Products equipped with an SN400 controller, P40@@@ an AS3000 autosampler, and
a Spectra Focus UV/Vis detector. Stationary phaae either a Eurosphere-100s(250

X 4.0, 5 uM) column (Knauer, column A) or a Nuclao€;gHTec (250 x 4.0, 5uM)
column (Macherey-Nagel, column B), thermostate8QC. As mobile phase, gradients
of MeCN/TFA (0.05 % aq) were use@olumn A: gradient mode: 0 min: MeCN/TFA
(0.05% aq) 10:90, 20 min: 60:40, 23 min: 95:5, A3%B: 95:5; flow rate = 0.7 mL mih

to = 3.318 minColumn B: gradient mode: 0 min: MeCN/TFA (0.05% aq) 10:20,min:
60:40, 21 min: 95:5, -29 min: 95:5 ; flow rate ¥B.mL min’; to = 2.675 min; k'= ¢
to)/to. Absorbance was detected at 210 nm. Compoundigsusitere calculated as the
percentage peak area of the analyzed compound bgédiBc¢tion at 210 nm. An overview
of HPLC conditions, retention timesg)t capacity factors (k) and purities of the

synthesized compounds is given in chapter 8.
3.5.1.2 Preparation of the guanidinylating reagen8.3

S-Methylthiouronium iodide (3.1)*

Thiourea (9.2 g, 120 mmol) and methyl iodide (172 mmol) in MeOH (100 ml) were
refluxed for 1 h. After evaporation, the crude prodwas taken up in ED, sucked off
and washed twice with D to yield3.1 (25.6 g, 117 mmol, 98 %) as white solid. The
crude product was used in the next step withothéumpurification *H-NMR (DMSO-d)

0 (ppm): 8.88 (br s, 4H, Ny), 2.57 (s, 3H, E3); ES-MS (DCM/MeOH + NHOAC) m/z
(%): 91 (M', 100); GH7IN,S (218.06).

N-tert-Butoxycarbonyl-S-methylisothiourea (3.2°

To a solution 0f3.1(25.6 g, 117 mmolin DCM/abs (200 ml) were added NEL1.8 ml,
117 mmol) and Bo© (25.6 g, 117 mmol) in DCM/abs (50 ml) and stirfed 24 h at
room temperature. The mixture was subsequently eashth water and brine, and the

organic phase was dried over MgS@fter removing the solvent under reduced pressure
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the crude product was subjected to flash chromapdgyr (PE/EtOAc 90/10 v/wielding
3.2(14.5 g, 65 %) as white solidH-NMR (DMSO-d) & (ppm): 8.54 (br s, 2H, N»),
2.31 (s, 3H, El3), 1.40 (s, 9H, C(B3)3); CI-MS (NHs) m/z (%): 191 (MH, 100);
C7H14N205S (190.26).

N-Benzyloxycarbonyl-N'-tert-butoxycarbonyl-S-methylisothiourea (3.3}*

To a solution 0of3.2 (14.5 g, 76.5 mmol) in DCM/abs (150 ml) was addeshzyl
succinimidyl carbonate (CbzOSu, 19.1 g, 76.5 mnaoljl stirred for 20 h at ambient
temperature. The mixture was subsequently extrawtgd DCM and basified with
N&CO; (pH 9-10). The organic phase was washed with wedterd over MgS®@and the
solvent removed under reduced pressure. The croodugt was subjected to flash
chromatography (PE/EtOAc 90/10 vAdelding 3.3 (22.5 g, 91 %) as white solid. mp =
64 °C;*H-NMR (CDCL) § (ppm): 11.58 (br s, 1H, M), 7.37 (m, 5H, AH), 5.19 (s, 2H,
CH-Ar), 2.40 (s, 3H, €l3), 1.50 (s, 9H, C(B3)3); CI-MS (NHs) m/z (%): 325 (MH,
100); GsH20N204S (324.40).

3.5.1.3 Preparation ofN®-Boc-protected building blocks 3.17 and 3.18

2-(5-Hydroxypentyl)-1,3-dihydro-2H-isoindol-1,3-dione (3.4Y’

5-Amino-1-pentanol (8.3 g, 80 mmol) and phthalihride (11.9 g, 80 mmol) were
heated to 80-100 °C for 3 h. After cooling, 40 o# cold water was added and extracted
three times with CHGI| The organic phase was washed with 5 % Nagi@al three
times with HO and the organic phase was dried over MgS&ter removing of the
solvent under reduced pressure, the crude prodagtswbjected to flash chromatography
(PE/EtOAc 70/30 vivyielding 3.4 (14 g, 75 %) as pale yellow solid. mp = 43 ‘@:
NMR (CDCk) & (ppm): 7.75 (m, 2H, AH), 7.64 (m, 2H, AH), 3.58 (m, 4H, Pht-B,,
CH,0OH), 2.16 (s, 1H, @), 1.63 (m, 2H, Pht-CkH>), 1.53 (m, 2H, €&,CH,0H), 1.34
(m, 2H, H,CH,CH,OH); CI-MS (NHs) mVz (%): 251 (M+NH;", 100); GsH1sNOs3
(233.36).

2-(5-Oxohexyl)-1,3-dihydro-H-isoindol-1,3-dione (3.5Y

A mixture of phthalimide (8.2 g, 65 mmol), 6-chlbexan-2-one (15.1 g, 112 mmol) and
K2CGO; (10.4 g, 75 mmol) in 110 ml DMF was heated to 80fGr 24 h. After cooling to
room temperature, the mixture was added to ice w@ter and extracted with CHLCI

The organic layer was dried over Mg&sé@nd evaporated under reduced pressure. The
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crude product was subjected to flash chromatograpts/EtOAc 90/10 to 70/30 v/v)
yielding 3.5 (7.18 g, 79 %) as white solid. mp = 73-75 *8:NMR (CDCLk) & (ppm):
7.9-7.3 (m, 4H, AH), 3.7 (m, 2H, COEl,), 2.50 (m, 2H, E,-Pht), 2.15 (s, 3H, B3),
1.9-1.5 (m, 4H, COCKCH,, COCHCH,CHy); CI-MS (NHs) m/z (%): 263 (M+NH,",
100), 246 (MH, 15); G4H1sNO3 (245.10).

5-(1,3-Dioxo-1,3-dihydro-H-isoindol-2-yl)pentanal (3.6}’

Oxalyl chloride (3.2 ml, 37. 5 mmol) in 80 ml DCM¥swas cooled to -50 °C and DMSO
(5.7 ml, 80 mmol) in 25 ml DCM/abs was added urstering and argon atmosphere at
such a rate that the temperature was maintainedCt°C. After the addition was
complete, stirring was continued for 15 min. A s of 3.4 (7 g, 30 mmol) in 40 ml
DCM/abs was added slowly and stirring was contintegdanother 15 min. After the
addition of NEt (22 ml, 160 mmol), the mixture was allowed to watm room
temperature, 80 ml # was added and stirring continued for 30 min. dfganic phase
was separated and washed witfOHo almost neutral reaction. The organic phase was
dried over MgS@®@ and the solvent removed under reduced pressul@gingecrude3.6
(6.24 g, 90 %) as yellow oil which was stored undegon and used without further
purification.'H-NMR (CDCLk) & (ppm): 9.75 (t3J = 1.5 Hz, 1H, C®!), 7.82 (m, 2H, Ar-
H), 7.70 (m, 2H, AH), 3.70 (1,3 = 6.8 Hz, 2H, Pht-8,), 2.50 (m, 2H, E&,COH), 1.69
(m, 4H, Pht-CHCH,CH,, Pht-CHCH,CH,); CI-MS (NHs) m/z (%): 249 (M+NH,
100); G3H13NO3 (231.25).

General procedure for the bromination of 3.5 and3.6

To a solution of3.50or 3.6 (1 eq) in dioxane and DCM/abs (1.5:1) bromine @) was
slowly added in a way that the brown color alwaysppeared. After complete addition
of bromine the mixture was allowed to stir for Attroom temperature. Subsequently, the
mixture was washed two times with water and ex¢hatith EtOAc. The organic layer
was dried over MgSPand evaporated under reduced pressure. The crodegb was

obtained as yellow oil and used in the next staphaut further purification.

2-(4-Bromo-5-oxohexyl)-1,3-dihydro-#-isoindol-1,3-dione (3.7)

The title compound was prepared fr@&?% (12.9 g, 53 mmol) in 250 ml dioxane and 165
ml DCM/abs and bromine (2.72 ml, 53 mmol) accordiogthe general procedure
yielding 3.7 as yellow oil (16.8 g, 98 %JH-NMR (CDCk) & (ppm): 7.9-7.7 (m, 4H, Ar-
H), 4.37 (m, 1H, EIBr), 3.77 (m, 2H, El»-Pht), 2.37 (s, 3H, COEs), 2.2-1.6 (m, 4H,
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COCHH,CH,, COCHCHCH,); CI-MS (NHs) mVz (%): 324 (MH', 100); G4H1NBrOs
(323.61).

2-Bromo-5-(1,3-dioxo-1,3-dihydro-M-isoindol-2-yl)pentanal (3.8}’

The title compound was prepared fr@# (5.77 g, 25 mmol) in 150 ml dioxane and 100
ml DCM/abs and bromine (1.28 ml, 25 mmol) accordiogthe general procedure
yielding 3.8 (7.86 g, 100 %) as yellow oftH-NMR (CDCk) & (ppm): 9.44 (d3J = 2.3
Hz, 1H, CQH), 7.83 (m, 2H, AH), 7.71 (m, 2H, AH), 4.34 (m, 1H, EIBr), 3.73 (t,*J

= 6.6 Hz, 2H, Pht-85), 1.87 (m, 4H, Pht-C,CH,CH,, Pht-CHCH,CH); CI-MS (NHs)
m/z (%): 329 (MNH,", 100); GsH1NO3Br (310.14).

General procedure for the synthesis of the 2-aminbtazoles 3.9 and 3.10

To a stirred solution of crudg.7 or 3.8 (1 eq) in DMF, a solution of thiourea (1 eq) in
DMF was added and the mixture was heated to 100GofC3 h. After cooling and
removing the solvenin vacuo, a mixture of EtOAc/MeOH (1:1 v/v) was added and
stirred for 30 min. Subsequently, the precipitates\iiltered off, washed with EtOAc and
Et,O and the solid drieth vacuo.

2-[3-(2-Amino-4-methylthiazol-5-yl)propyl]-1,3-dihydro-2H-isoindol-1,3-dione

(3.9}

The title compound was prepared from cr@de(18.1 g, 56 mmol) in 50 ml DMF and a
solution of thiourea (4.26 g, 56 mmol) in 50 ml DMEcording to the general procedure
yielding 3.9 (12 g, 71 %) as colorless solid. mp = 242 #&:NMR (DMSO-d;) & (ppm):
11.96 (s, 2H, M), 7.84 (m, 4H, AH), 3.62 (m, 2H, El,-Pht), 2.72 (m, 2H, Thiaz-5-
CH>), 2.15 (s, 3H, Thiaz-44@3), 1.85 (m, 2H, Thiaz-5-C§CH); CI-MS (NHs) m/z (%):
302 (MH', 100); GsH1sN20,S (301.4).

2-[3-(2-Aminothiazol-5-yl)propyl]-1,3-dihydro-2H-isoindol-1,3-dione (3.10)

The title compound was prepared from cr@d&(7.86 g, 25.3 mmol) in 20 ml DMF and
a solution of thiourea (1.9 g, 25.3 mmol) in 20 BWMF according to the general
procedure yielding3.10 (14.71 g, 64 %) as light brown solitH-NMR (DMSO-d;) &
(ppm): 7.84 (m, 4H, AH), 7.20 (s, 1H, Thiaz-#), 3.62 (t,%J = 6.9 Hz, 2H, E»-Pht),
2.79 (t,%) = 7.4 Hz, 2H, Thiaz-5-8,), 1.91 (m, 2H, Thiaz-5-C¥CH,); CI-MS (NH)
m'z (%): 288 (MH', 100); G4H13N30.S (287.34).
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General procedure for the tert-butoxycarbonyl protection of the 2-aminothiazoles
3.9and 3.10 (3.11, 3.12)

Compound3.9and3.10(1 eq), respectively, was dissolved in Ckl@hd BogO (1.1 eq),
NEt; (1.2) and DMAP (cat.) were added. The mixture w@sed overnight at ambient
temperature. The mixture was extracted with DCM, dihganic phase washed with 0.1N
HCI, brine and water, dried over Mgd@nd evaporated under reduced pressure. The

crude product was purified by flash chromatography.

tert-Butyl 4-methyl-5-[3-(1,3-dioxo-1,3-dihydro-H-isoindol-2-yl)propyl]thiazol-2-yl-
carbamate (3.119

The title compound was prepared fr@&® (11.9 g, 40 mmol) in 100 ml CHg;IBogO
(9.6 g, 44 mmol), NEt(6.7 ml, 48 mmol) and DMAP (cat.) according to tpeneral
procedure (PE/EtOAc 80/20 v/v) to obt&rlil(7.4 g, 46 %) as colorless foam-like solid.
mp = 70-72 °C!H-NMR (CDCk) & (ppm): 7.77 (m, 4H, AH), 3.75 (t,%J = 6.9 Hz, 2H,
CH.-Pht), 2.72 (t3J = 7.8 Hz, 2H, Thiaz-5-8,), 2.21 (s, 3H, Thiaz-4483), 1.98 (m,
2H, Thiaz-5-CHCH>), 1.52 (s, 9H, C(83)s); EI-MS (70 eV)m/z (%): 402 (MH', 100):
CooH23N304S (401.5).

tert-Butyl 5-[3-(1,3-dioxo-1,3-dihydro-H-isoindol-2-yl)propyl]thiazol-2-ylcarbamate
(3.12f

Prepared fron8.10(23 g, 80 mmol)n 200 ml CHC}, Boc,O (19.2 g, 88 mmol), NEt
(23.3 ml, 96 mmol) and DMAP (cat.) according to theneral procedure (PE/EtOAc
60/40 v/v) to obtair8.12(15.8 g, 51 %) as colorless foam-like solid. mp66 2C; *H-
NMR (CDCk) 6 (ppm): 7.83 (m, 2H, AH), 7.71 (m, 2H, AH), 7.06 (s, 1H, Thiaz-4-
H), 3.76 (t,°J = 6.9 Hz, 2H, E,-Pht), 2.79 (t3J = 7.5 Hz, 2H, Thiaz-5-8,), 2.04 (m,
2H, Thiaz-5-CHCH,), 1.57 (s, 9H, C(853)s); CI-MS (NHs) mVz (%): 388 (MH, 100);
Ci19H21N30,4S (387.45).

General procedure for the preparation of the thiazéylpropylamines (3.13, 3.14) by
hydrazinolysis of the phthalimides

To a suspension &.11or3.12(1 eq) in EtOH was added hydrazine-monohydraeq{5
After stirring for 30 min at room temperature, g@ution became clear and stirring was
continued overnight. The mixture was cooled in@nbath, the precipitate was removed
by filtration and the filtrate evaporated to dryme$he crude product was subjected to
flash chromatography (CHEZMeOH/ NEg 94/5/1 viviv).
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tert-Butyl 5-(3-aminopropyl)-4-methylthiazol-2-ylcarbamate (3.13%

The title compound was prepared fr@ml (7.38 g, 18.4 mmol) in 70 ml EtOH and
hydrazine-monohydrate (4.5 ml, 92 mmol) accordioghte general procedure yielding
3.13 (4.9 g, 98 %) as brown oifH-NMR (CDCk) & (ppm): 2.70 (m, 4H, B,NH,,
Thiaz-5-tH,), 2.23 (s, 3H, Thiaz-4483), 1.74 (m, 2H, Thiaz-5-C§CH>), 1.53 (s, 9H,
C(CH3)3); CI-MS (NHs) mVz (%): 272 (MH', 100); GoH21N3O,S (271.4).

tert-Butyl 5-(3-aminopropyl)thiazol-2-ylcarbamate (3.14*

The title compound waprepared fronB3.12 (17.2 g, 44.5 mmol) in 170 ml EtOH and
hydrazine-monohydrate (10.8 ml, 223.3 mmol) accmdio the general procedure
yielding 3.14 (7.07 g, 62 %) as pale yellow solid. mp = 109 *B:NMR (CDCk) 5
(ppm): 7.02 (s, 1H, Thiaz-B), 2.77 (m, 4H, EG,NH,, Thiaz-5-Cd,), 1.78 (m, 2H,
Thiaz-5-CHCH,), 1.56 (s, 9H, C(83)3); CI-MS (NHs) mVz (%): 258 (MH, 100);
C11H19N30,S (257.35).

General procedure for the guanidinylation of 3.13 ad 3.14 with 3.3

NEt; (3 eq) was added to a suspension of the thiazolylpamines3.13 or 3.14 (1 eq),
3.3 (1 eq) and HgGl (2 eq) in DCM/abs and the mixture was stirred atbi@nt
temperature for 48 h. Subsequently, EtOAc was adaetlthe precipitate filtered over
Celite. The crude product was purified by flashochatography (PE/EtOAc 80/20 v/v).

tert-Butyl  5-[3-(3-benzyloxycarbonyl-2tert-butyloxycarbonylguanidino)propyl]-4-
methylthiazol-2-ylcarbamate(3.15}

The title compound was prepared fr@m13 (4.9 g, 18 mmol)3.3 (5.84 g, 18 mmol),
HgCl, (9.8 g, 36 mmol) and NE{7.5 ml, 54 mmol) in 500 ml DCM/abs and 500 mi
EtOAc according to the general procedure yieldntp (8.6 g, 87 %) as brown oitH-
NMR (CDCk) & (ppm): 11.4 (br s, 1H, N), 9.6 (s, 1H, M), 8.5 (t,°J = 5.1 Hz, 1H,
CHyNH), 7.34 (m, 5H, AH), 5.14 (s, 2H, El2-Ar), 3.47 (m, 2H, G.NH), 2.71 (t3 =
7.5 Hz, 2H, Thiaz-5-85,), 2.21 (s, 3H, Thiaz-4483), 1.89 (m, 2H, Thiaz-5-C}CH,),
1.52 (s, 9H, C(El3)3), 1.48 (s, 9H, C(H3)3); ES-MS (DCM/MeOH + NHOACc) vz (%):
548 (MH', 100); GegH37Ns06S (547.67).

tert-Butyl 5-[3-(3-benzyloxycarbonyl-2tert-butyloxycarbonylguanidino)propyl]-
thiazol-2-ylcarbamate (3.16}
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The title compound was prepared fr@m14 (6 g, 23.2 mmol)3.3 (7.5 g, 23.2 mmol),
HgCl, (12.6 g, 46.4 mmol) and NE(9.6 ml, 69.6 mmol) in 500 ml DCM/abs and 500 m|
EtOAc according to the general procedure yieldty6 (11.76 g, 95 %) as colorless
foam-like solid. mp = 140-142 °GH-NMR (CDCk) 5 (ppm): 11.35 (s, 1H, N), 8.47 (t,

3) = 5.4 Hz, 1H, CBbNH), 7.34 (m, 5H, AH), 7.04 (s, 1H, Thiaz-#), 5.13 (s, 2H,
CH.-Ph), 3.47 (m, 2H, B.NH), 2.75 (1,3 = 7.5 Hz, 2H, Thiaz-5-85), 1.92 (m, 2H,
Thiaz-5-CHCH,), 1.55 (s, 9H, C(83)3), 1.49 (s, 9H, C(853)3); ES-MS (DCM/MeOH +
NH4OAC) mVz (%): 534 (MH, 100); GsH3sNs506S (533.64).

General procedure for the hydrogenolytic cleavagefdCbz groups (3.17, 3.18}

To a solution of3.150r 3.16in a mixture of THF/MeOH (1:1) was added Pd/C ¢ap
and hydrogenated at 8 bar for 3-4 days (TLC contrbhe catalyst was removed by
filtration over Celite and washed with MeOH. Thdvent was removeth vacuo.

tert-Butyl 5-[3-(2-tert-butoxycarbonylguanidino)propyl]-4-methylthiazol-2-yI-
carbamate (3.17)

The title compound was prepared fr@15 (8.54 g, 15.6 mmol) and 8 g of Pd/C (10 %)
in a mixture of 160 ml THF/MeOH (1:1) accordingthe general procedure yieldiBgl7
(4.38 g, 100 %) as white solid. mp = 111-114 3%@:NMR (CDsOD) § (ppm): 3.20 (t3J

= 6.9 Hz, 2H, E1,NH), 2.74 (t,% = 7.41 Hz, 2H, Thiaz-5-8.), 2.16 (s, 3H, Thiaz-4-
CH3), 1.83 (m, 2H, Thiaz-5-C¥CH5), 1.52 (s, 9H, C(H3)s), 1.48 (s, 9H, C(83)3); ES-
MS (DCM/MeOH + NHOAc) m/z (%): 414 (MH, 100); GgH31Ns0.S (413.53).

tert-Butyl 5-[3-(2-tert-butoxycarbonylguanidino)propyl]thiazol-2-ylcarbamate (3.18)
The title compound was prepared fr@816(5.8 g, 10.6 mmol) and 6 g of Pd/C (10 %) in
a mixture of 160 ml THF/MeOH (1:1) according to tieneral procedure yieldirng)18
(3.39 g, 75 %) as colorless foam-like softt-NMR (CDs;OD) & (ppm): 7.03 (s, 1H,
Thiaz-4H), 3.26 (t,J = 6.9 Hz, 2H, E,NH), 2.80 (1,3 = 7.2 Hz, 2H, Thiaz-5-85),
1.95 (m, 2H, Thiaz-5-C§CH,), 1.55 (s, 9H, C(H3)3), 1.47 (s, 9H, C(83)3); ES-MS
(DCM/MeOH + NH,0AC) mVz (%): 400 (MH', 100); G7H29Ns0,4S (399.50).

3.5.1.4 Preparation of the Boc-protected\®-acylated aminothiazolyl-

propylguanidines 3.19a-3.55a

General procedure for the synthesis of 3.19a, 3.2232a and 3.35a-3.55a
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DIEA (1 eq) was added to a solution of carboxykada1l eq), EDAC (1 eq) and HOBt-
monohydrate (1 eq) in DCM/abs under argon andestifor 15 min. A solution 03.17or
3.18(1 eq) in DCM/abs was added and the mixture stioernight at room temperature.
The solvent was removed under reduced pressur&t@wic and water was added to the
resulting residue. The organic phase was sepaaaitthe aqueous phase extracted twice
with EtOAc. After drying over MgSg) the organic solvent was removetdvacuo. The
crude product was purified by flash-chromatograg¥e/EtOAc 80/20 v/v) unless
otherwise indicated.

tert-Butyl 5-{3-[3-(tert-butoxycarbonyl)-2-propionylguanidino]propyl}-4-methyl-
thiazol-2-ylcarbamate (3.19a)

The title compound was prepared from propanoic fidng, 0.4 mmol), EDAC (77 mg,
0.4 mmol), HOBt-monohydrate (61 mg, 0.4 mmol), DIE@O pl, 0.4 mmol) in 3 ml
DCM/abs and3.17 (165 mg, 0.4 mmol) in 2 ml DCM/abs according t@ theneral
procedure yielding.19a(170 mg, 91 %) as yellow oitH-NMR (CDCk) & (ppm): 3.46
(m, 2H, GH,NH), 2.71 (t,%) = 7.5 Hz, 2H, Thiaz-5-B,), 2.44 (q,%) = 7.5 Hz, 2H,
COCH,), 2.20 (s, 3H, Thiaz-4483), 1.87 (m, 2H, Thiaz-5-C{CH,), 1.52 (s, 9H,
C(CH3)3), 1.50 (s, 9H, C(H3)3), 1.17 (m, 3H, COCKCH3); ES-MS (DCM/MeOH +
NH4OAC) mVz (%): 470.1 (MH, 100); GiH3sNs0sS (469.60).

tert-Butyl 5-{3-[3-(tert-butoxycarbonyl)-2-benzoylguanidino]propyl}-4-methyl-
thiazol-2-ylcarbamate (3.22a)

The title compound was prepared from benzoic ag&idnig, 0.5 mmol), EDAC (96 mg,
0.5 mmol), HOBt-monohydrate (77 mg, 0.5 mmol), DIE26 pl, 0.5 mmol) in 3 mi
DCM/abs and3.17 (207 mg, 0.5 mmol) in 2 ml DCM/abs according t@ theneral
procedure yielding.22a(200 mg, 78 %) as colorless foam-like sofid-NMR (CDCL)

& (ppm): 8.17 (m, 2H, AH), 7.58-7.35 (m, 3H, AH), 3.60 (m, 2H, E,NH), 2.77 (t,3J
= 7.5 Hz, 2H, Thiaz-5-8,), 2.23 (s, 3H, Thiaz-44a3), 2.01 (m, 2H, Thiaz-5-C}CH>),
1.51 (s, 18H, C(B3)s3); ES-MS (DCM/MeOH + NHOAC) m/z (%): 518 (MH', 100);
CosH3sNsOsS (517.24).

tert-Butyl 5-{3-[3-(tert-butoxycarbonyl)-2-(2-phenylacetyl)guanidino]propy}-4-
methylthiazol-2-ylcarbamate (3.23a)

The title compound was prepared from 2-phenylacatid (68 mg, 0.5 mmol), EDAC
(96 mg, 0.5 mmol), HOBt-monohydrate (77 mg, 0.5 f)pdIEA (86 ul, 0.5 mmol) in 3
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ml DCM/abs and3.17 (207 mg, 0.5 mmol) in 2 ml DCM/abs according te tpeneral
procedure yielding.23a(212.5 mg, 80 %) as colorless diH-NMR (CDCk) & (ppm):
7.35-7.20 (m, 5H, AH), 3.67 (s, 2H, COB,), 3.43 (m, 2H, E,NH), 2.68 (t%1 = 7.1
Hz, 2H, Thiaz-5-®1,), 2.17 (s, 3H, Thiaz-4485), 1.95 (m, 2H, Thiaz-5-C¥CH,), 1.52
(s, 9H, C(®3)3), 1.46 (s, 9H, C(H3)3); ES-MS (DCM/MeOH + NHOACc) m/z (%): 532
(MH?, 100); GeH37NsOsS (531.25).

tert-Butyl 5-{3-[3-(tert-butoxycarbonyl)-2-(3-phenylpropanoyl)guanidino]propyl}-4-
methylthiazol-2-ylcarbamate (3.24a)

The title compound was prepared from 3-phenylpromamcid (75 mg, 0.5 mmol),
EDAC (96 mg, 0.5 mmol), HOBt-monohydrate (77 mds éamol), DIEA (86 ul, 0.5
mmol) in 3 ml DCM/abs an8.17 (207 mg, 0.5 mmol) in 2 ml DCM/abs according te th
general procedure yieldir§j24a(201.8 mg, 74 %) as colorless diH-NMR (CDCL) &
(ppm): 7.30-7.15 (m, 5H, AH), 3.45 (m, 2H, E,NH), 3.0 (m, 2H, Ei,-Ar), 2.78-2.65
(m, 4H, Thiaz-5-@G;, COH,), 2.20 (s, 3H, Thiaz-4483), 1.90 (m, 2H, Thiaz-5-
CH,CH)), 1.52 (s, 9H, C(83)3), 1.49 (s, 9H, C(83)3); ES-MS (DCM/MeOH +
NH4OAc) mVz (%): 546 (MH', 100); G/H3oNsOsS (545.27).

tert-Butyl  5-{3-[3-(tert-butoxycarbonyl)-2-(4-phenylbutanoyl)guanidino]propyl}-4-
methylthiazol-2-ylcarbamate (3.25a)

The title compound was prepared from 4-phenylbutaaoid (82 mg, 0.5 mmol), EDAC
(96 mg, 0.5 mmol), HOBt-monohydrate (77 mg, 0.5 f)pdIEA (86 pl, 0.5 mmol) in 3
ml DCM/abs and3.17 (207 mg, 0.5 mmol) in 2 ml DCM/abs according te tpeneral
procedure vielding3.25a (223 mg, 80 %) as colorless otH-NMR (CDCk) & (ppm):
7.30-7.15 (m, 5H, AH), 3.45 (m, 2H, €,NH), 2.62 (m, 4H, Thiaz-5-8,, CH.-Ar),
2.40 (m, 2H, CO@El,), 2.20 (s, 3H, Thiaz-4483), 1.99 (m, 2H, Thiaz-5-C}CH,), 1.87
(m, 2H, COCHCHj), 1.52 (s, 9H, C(B3)3), 1.50 (s, 9H, C(Bj3)3); ES-MS
(DCM/MeOH + NHOAC) mVz (%): 560 (MH', 100); GgH41NsOsS (559.28).

tert-Butyl 5-{3-[3-(tert-butoxycarbonyl)-2-(5-phenylpentanoyl)guanidino]prqyl}-4-
methylthiazol-2-ylcarbamate (3.26a)

The title compound was prepared from 5-phenylpentamacid (89 mg, 0.5 mmol),
EDAC (96 mg, 0.5 mmol), HOBt-monohydrate (77 mdy éamol), DIEA (86 ul, 0.5
mmol) in 3 ml DCM/abs an8.17 (207 mg, 0.5 mmol) in 2 ml DCM/abs according te th
general procedure yielding.26a (240.7 mg, 84 %) as yellow oitH-NMR (CDCk) &
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(ppm): 7.30-7.10 (m, 5H, Ar), 3.40 (m, 2H, €,NH), 2.64 (m, 4H, Thiaz-5-8,, CH,-
Ar), 2.35 (m, 2H, COEl,), 2.15 (s, 3H, Thiaz-4483), 1.83 (m, 2H, Thiaz-5-C}CH»),
1.70-1.55 (m, 2H, COC#H, COCHCH,CH,), 1.48 (s, 18H, C(Ha)s); ES-MS
(DCM/MeOH + NHOAC) m/z (%): 574.2 (MH, 100); GeH4sNsOsS (573.3).

tert-Butyl  5-{3-[3-(tert-butoxycarbonyl)-2-(6-phenylhexanoyl)guanidino]progyl}-4-
methylthiazol-2-ylcarbamate (3.27a)

The title compound was prepared from 6-phenylhexaacd (96 mg, 0.5 mmol), EDAC
(96 mg, 0.5 mmol), HOBt-monohydrate (77 mg, 0.5 f)pdIEA (86 pl, 0.5 mmol) in 3
ml DCM/abs and3.17 (207 mg, 0.5 mmol) in 2 ml DCM/abs according te tpeneral
procedure yielding.27a(240.8 mg, 82 %) as pale yellow diH-NMR (CDCk) & (ppm):
7.18 (m, 5H, ArH), 3.46 (m, 2H, El,NH), 2.71 (t,%) = 7.1 Hz, 2H, Thiaz-548,), 2.63
(m, 2H, H»-Ar), 2.38 (m, 2H, CO@E,), 2.19 (s, 3H, Thiaz-443), 1.89 (m, 2H, Thiaz-
5-CH,CHy), 1.76-1.57 (m, 6H, COC}EH,, COCHCH,CH,, CH,CH,-Ar), 1.52 (s, 9H,
C(CH3)3), 1.50 (s, 9H, C(83)3); ES-MS (DCM/MeOH + NHOAc) m/z (%): 588 (MH,
100); GoH4sNs0sS (587.31).

tert-Butyl 5-{3-[3-(tert-butoxycarbonyl)-2-(3,3-diphenylpropanoyl)guaniding-
propyl}-4-methylthiazol-2-ylcarbamate (3.28a)

The title compound was prepared from 3,3-diphemgpnoic acid (113 mg, 0.5 mmol),
EDAC (96 mg, 0.5 mmol), HOBt-monohydrate (77 mdy @imol), DIEA (86 ul, 0.5
mmol) in 3 ml DCM/abs an8.17 (207 mg, 0.5 mmol) in 2 ml DCM/abs according te th
general procedure yieldirg;28a(282.7 mg, 91 %) as colorless diH-NMR (CDCL) &
(ppm): 7.50-7.30 (m, 4H, AH), 7.25-7.1 (m, 6H, AH), 4.60 (m, 1H, El(Ar),), 3.39
(m, 2H, H,NH), 3.12 (m, 2H, COH,), 2.70 (m, 2H, Thiaz-5-8,), 2.15 (s, 3H, Thiaz-
4-CH3), 1.83 (m, 2H, Thiaz-5-C¥CH>), 1.49 (s, 9H, C(B3)3), 1.45 (s, 9H, C(83)3);
ES-MS (DCM/MeOH + NHOAC) mVz (%): 622 (MH', 100); GsH4aNsOsS (621.3).

tert-Butyl 5-{3-[3-(tert-butoxycarbonyl)-2-(cyclohexanecarbonyl)guanidino]popyl}-
4-methylthiazol-2-ylcarbamate (3.29a)

The title compound was prepared from cyclohexareoatic acid (64 mg, 0.5 mmol),
EDAC (96 mg, 0.5 mmol), HOBt-monohydrate (77 mdy éamol), DIEA (86 ul, 0.5
mmol) in 3 ml DCM/abs an8.17 (207 mg, 0.5 mmol) in 2 ml DCM/abs according te th
general procedure yielding.29a (220 mg, 84 %) as white foam-like solitH-NMR
(CDCL) 6 (ppm): 3.46 (m, 2H, B,NH), 2.70 (m, 2H, Thiaz-5-8,), 2.30 (m, 1H,
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COCH), 2.17 (s, 3H, Thiaz-4485), 2.0-1.76 (m, 10H, Thiaz-5-Gi8H,, cHexH), 1.53
(s, 9H, C(GH3)3), 1.50 (s, 9H, C(B3)s): ES-MS (DCM/MeOH + NHOAC) miz (%): 524
(MH+, 100), Q5H41N5O5S (52328)

tert-Butyl  5-{3-[3-(tert-butoxycarbonyl)-2-(2-cyclohexylacetyl)guanidino]popyl}-4-
methylthiazol-2-ylcarbamate (3.30a)

The title compound was prepared from 2-cyclohextiacacid (71 mg, 0.5 mmol),
EDAC (96 mg, 0.5 mmol), HOBt-monohydrate (77 mdy éimol), DIEA (86 ul, 0.5
mmol) in 3 ml DCM/abs an8.17 (207 mg, 0.5 mmol) in 2 ml DCM/abs according te th
general procedure yielding.30a (240 mg, 89 %) as yellow oitH-NMR (CDCk) &
(ppm): 3.45 (m, 2H, G,NH), 2.70 (m, 2H, Thiaz-5-8,), 2.25 (m, 1H, CO8,), 2.18
(s, 3H, Thiaz-4-@3), 1.90 (m, 2H, Thiaz-5-C}CH,), 1.86-1.60 (m, 8H, cHek), 1.54
(s, 9H, C(M3)3), 1.49 (s, 9H, C(H3)3); ES-MS (DCM/MeOH + NHOAC) m/z (%): 538
(MH?, 100); GgHaaNs0sS (537.3).

tert-Butyl 5-{3-[3-(tert-butoxycarbonyl)-2-[11-(ert-butoxycarbonylamino)-
undecanoyl]guanidino]propyl}-4-methylthiazol-2-ylcabamate (3.31a)

The title compound was prepared from 1dt{butoxycarbonylamino)undecanoic acid
(226 mg, 0.75 mmol), EDAC (160 mg, 0.75 mmol), HoBonohydrate (127 mg, 0.75
mmol), DIEA (0.14 ml, 0.75 mmol) in 3 ml DCM/absd8.17 (310 mg, 0.75 mmol) in 2
ml DCM/abs according to the general procedure ngl8.31a(300 mg, 57 %) as yellow
oil. *H-NMR (CDCLk) & (ppm): 3.45 (m, 2H, B,NH), 3.09 (m, 2H, E,NHBoc), 2.70 (t,
3) = 7.5 Hz, 2H, Thiaz-5-8,), 2.39 (1,3 = 7.5 Hz, 2H, CO@8,), 2.20 (s, 3H, Thiaz-4-
CH3), 1.87 (m, 2H, Thiaz-5-C}¥CH,), 1.65 (m, 4H, COCKCH,, CH,CH,NH,), 1.52 (s,
9H, C(H3)3), 1.50 (s, 9H, C(B3)3), 1.44 (s, 9H, C(H3)3), 1.28 (m, 12H, (Bl,)s); ES-
MS (DCM/MeOH + NHOAC) Mz (%): 697.3 (MH, 100); G4HeoNsO7S (696.94).

tert-Butyl  5-{3-[3-(tert-butoxycarbonyl)-2-propanoylguanidino]propyl}thiazol-2-yl-
carbamate (3.32a)

The title compound was prepared from propanoic fidng, 0.4 mmol), EDAC (77 mg,
0.4 mmol), HOBt-monohydrate (61 mg, 0.4 mmol), DIE@O pl, 0.4 mmol) in 3 ml
DCM/abs and3.18 (160 mg, 0.4 mmol) in 2 ml DCM/abs according t@ theneral
procedure yielding.32a(150 mg, 82 %) as pale yellow ofH-NMR (CDCk) & (ppm):
7.04 (s, 1H, Thiaz-#), 3.48 (m, 2H, €l,NH), 2.79 (t,%J = 7.4 Hz, 2H, Thiaz-5-B),),
2.44 (q,%) = 7.5 Hz, 2H, COE,), 1.94 (m, 2H, Thiaz-5-C¥CH,), 1.54 (s, 9H,
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C(CHa3)3), 1.48 (s, 9H, C(B3)s), 1.17 (m, 3H, COCKCH3); ES-MS (DCM/MeOH +
NH4OAC) Mz (%): 456.1 (MH, 100); GoHasNsOsS (455.57).

tert-Butyl 5-{3-[3-(tert-butoxycarbonyl)-2-nonadecanoylguanidino]propyl}thiazol-2-
ylcarbamate (3.35a)

The title compound was prepared from nonadecamit @20 mg, 0.4 mmol), EDAC
(77 mg, 0.4 mmol), HOBt-monohydrate (61 mg, 0.4 pidIEA (69 ul, 0.4 mmol) in 3
ml DCM/abs and3.18 (160 mg, 0.4 mmol) in 2 ml DCM/abs according te tpeneral
procedure. Purification by flash chromatographydignt: 0-4 min: PE/EtOAc 100/0, 6-
15 min: 80/20, 19-24 min: 50/50) yield8B2a(150 mg, 82 %) as colorless diH-NMR
(CDCl) & (ppm): 7.04 (s, 1H, Thiaz-#h), 3.47 (m, 2H, El,NH), 2.79 (t,% = 7.41 Hz,
2H, Thiaz-5-®,), 2.40 (m, 2H, CO8&)), 1.92 (m, 2H, Thiaz-5-C¥CH,), 1.67 (m, 2H,
COCH,CHy), 1.56 (s, 9H, C(B3)3), 1.50 (s, 9H, C(853)3), 1.31 (m, 2H, E,CHs), 1.25
(m, 28H, (GH2)14), 0.88 (1,3 = 7.1 Hz, 3H, CHCH3); ES-MS (DCM/MeOH + NHOAC)
m/z (%): 680.6 (MH, 100); GeHesNsOsS (680).

tert-Butyl 5-{3-[3(tert-butoxycarbonyl)-2-(4-phenylbutanoyl)guanidino]propyl}-
thiazol-2-ylcarbamate (3.36a)

The title compound was prepared from 4-phenylbutaacid (66 mg, 0.4 mmol), EDAC
(77 mg, 0.4 mmol), HOBt-monohydrate (61 mg, 0.4 pidIEA (69 ul, 0.4 mmol) in 3
ml DCM/abs and3.18 (160 mg, 0.4 mmol) in 2 ml DCM/abs according te teneral
procedure yielding3.36a (196 mg, 90 %) as yellow oil. ES-MS (DCM/MeOH +
NH4OAC) mVz (%): 546.1 (MH, 100); G7H3oNs0sS (545.69).

tert-Butyl 5-{3-[3-(tert-butoxycarbonyl)-2-(5-phenylpentanoyl)guanidino]prqyl}-
thiazol-2-ylcarbamate (3.37a)

The title compound was prepared from 5-phenylvaladid (89 mg, 0.5 mmol), EDAC
(96 mg, 0.5 mmol), HOBt-monohydrate (77 mg, 0.5 )pidIEA (86 ul, 0.5 mmol) in 3
ml DCM/abs and3.18 (200 mg, 0.5 mmol) in 2 ml DCM/abs according te tpeneral
procedure yieldin®.37a(240 mg, 86 %) as pale yellow ofH-NMR (CDCk) & (ppm):
7.25-7.12 (m, 4H, AH), 7.04 (s, 1H, Thiaz-#), 3.46 (m, 2H, E.NH), 2.82 (m, 2H,
Thiaz-5-CH,), 2.65 (m, 2H, E,Ar), 2.36 (m, 2H, COEB,) 1.96 (m, 2H, Thiaz-5-
CH,CH,), 1.69 (m, 4H, COCHKCH,, CH2CH2Ar), 1.55 (s, 9H, C(B3)3), 1.49 (s, 9H,
C(CH3)3); ES-MS (DCM/MeOH + NHOAc) mVz (%): 560.3 (MH, 100); GgH41Ns0sS
(559.72).
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tert-Butyl 5-{3-[3-(tert-butoxycarbonyl)-2-(2-cyclohexyl-2-phenylacetyl)-
guanidino]propyl}thiazol-2-ylcarbamate (3.38a)

The title compound was prepared from 2-cyclohexph2nylacetic acid (87 mg, 0.4
mmol), EDAC (77 mg, 0.4 mmol), HOBt-monohydrate {&f, 0.4 mmol), DIEA (69 pl,
0.4 mmol) in 3 ml DCM/abs angl18 (160 mg, 0.4 mmol) in 2 ml DCM/abs according to
the general procedure yieldir§j38a (200 mg, 83 %) as pale yellow ofH-NMR
(CDCl) & (ppm): 7.36-7.15 (m, 5H, Ad), 7.01 (s, 1H, Thiaz-44), 3.50 (m, 1H,
CH(Ar)cHex), 3.37 (t2J = 6.9 Hz, 2H, €I,NH), 2.79 (m, 2H, Thiaz-5-B,), 2.23 (m,
1H, cHexH), 1.91 (m, 2H, Thiaz-5-C#{CH,), 1.75-1.61 (m, 4H, cHel), 1.52 (s, 9H,
C(CH3)3), 1.46 (s, 9H, C(H3)3), 1.27 (m, 6H, cHeX); ES-MS (DCM/MeOH +
NH4OAC) m/z (%): 600.3 (MH, 100); G1H4sNs0sS (599.79).

tert-Butyl 5-{3-[3-(tert-butoxycarbonyl)-2-(2-methyl-3-phenylpropanoyl)guandino])-
propyl}ithiazol-2-ylcarbamate (3.39a)

The title compound was prepared from 2-methyl-3mt@opanoic acid (82 mg, 0.5
mmol), EDAC (96 mg, 0.5 mmol), HOBt-monohydrate {#g, 0.5 mmol), DIEA (86 pl,
0.5 mmol) in 3 ml DCM/abs angl18 (200 mg, 0.5 mmol) in 2 ml DCM/abs according to
the general procedure yieldir8g39a (240 mg, 88 %) as brown oflH-NMR (CDCk) §
(ppm): 7.25-7.12 (m, 5H, AH), 7.04 (s, 1H, Thiaz-#), 3.45 (m, 2H, El,NH), 3.06
(m 1H, CO®), 2.79 (t.3) = 7.6 Hz, 2H, Thiaz-548,), 2.68 (m, 2H E&l,Ar), 1.93 (m,
2H, Thiaz-5-CHCHy), 1.55 (s, 9H, C(B3)3), 1.49 (s, 9H, C(H3)3), 1.09 (d,*J = 6.7 Hz,
3H, CHM3); ES-MS (DCM/MeOH + NHOAc) mvz (%): 546.3 (MH, 100);
Co7H39N505S (545.69).

tert-Butyl 5-{3-[3-(tert-butoxycarbonyl)-2-(2-benzylbutanoyl)guanidino]propyl}-
thiazol-2-ylcarbamate (3.40a)

The title compound was prepared from 2-benzylbutaacid (18 mg, 0.1 mmol), EDAC
(20 mg, 0.1 mmol), HOBt-monohydrate (15 mg, 0.1 pidIEA (17 ul, 0.1 mmol) in 3
ml DCM/abs and3.18 (40 mg, 0.1 mmol) in 2 ml DCM/abs according to tieneral
procedure. Purification by flash chromatographydignt: 0-2 min: PE/EtOAc 100/0, 3-
10 min: 80/20, -20 min: 50/50) yielde’l40a (40 mg, 67 %) as yellow oitH-NMR
(CDCl) 6 (ppm): 7.30-7.13 (m, 5H, AH), 7.04 (s, 1H, Thiaz-#), 3.44 (m, 2H,
CH,NH), 3.02-2.74 (m, 4H, Thiaz-548, CH-Ar), 2.53 (m, 1H, CO@), 1.91 (m, 2H,
Thiaz-5-CHCH,), 1.70 (m, 2H, E1,CHjs), 1.56 (s, 9H, C(B3)3), 1.48 (s, 9H, C(83)3),
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0.96 (t,3] = 7.41 Hz, 3H, ChCH5); ES-MS (DCM/MeOH + NHOAC) Mz (%): 560.2
(MH*, 100); GgHiNsOsS (559.72).

tert-Butyl 5-{3-[3-(tert-butoxycarbonyl)-2-(3-p-tolylbutanoyl)guanidino]propyl}-
thiazol-2-ylcarbamate (3.41a)

The title compound was prepared fronp-Balylbutanoic acid (36 mg, 0.2 mmol), EDAC
(39 mg, 0.2 mmol), HOBt-monohydrate (30 mg, 0.2 pidIEA (34 ul, 0.2 mmol) in 3
ml DCM/abs and3.18 (80 mg, 0.2 mmol) in 2 ml DCM/abs according to theneral
procedure. Purification by flash chromatographydignt: 0-2 min: PE/EtOAc 100/0, 3-
10 min: 80/20, -20 min: 50/50) yielde’l41a (75 mg, 67 %) as yellow oitH-NMR
(CDCl) 6 (ppm): 7.11 (m, 4H, AH), 7.03 (s, 1H, Thiaz-#), 3.43 (m, 2H, Ei;NH),
3.28 (9,3 = 7.1 Hz, 1H, €ICHs), 2.76 (1,3 = 7.7 Hz, 2H, Thiaz-5-B8,), 2.66-2.57 (m,
2H, COMy), 2.31 (s, 3H, Ar-El3), 1.90 (m, 2H, Thiaz-5-C#LH,), 1.56 (s, 9H,
C(CH3)3), 1.50 (s, 9H, C(Hj3)s3), 1.47 (s, 3H, CH83); ES-MS (DCM/MeOH +
NH4OAC) mVz (%): 560.2 (MH, 100); GgH4i1Ns0sS (559.72).

tert-Butyl 5-{3-[3-(tert-butoxycarbonyl)-2-[3(4-hydroxyphenyl)propanoyl]-
guanidino]propyl}thiazol-2-ylcarbamate (3.42a)

The title compound was prepared from 3-(4-hydroxypt)propanoic acid (67 mg, 0.4
mmol), EDAC (77 mg, 0.4 mmol), HOBt-monohydrate ¢&d, 0.4 mmol), DIEA (69 pl,
0.4 mmol) in 3 ml DCM/abs angl18 (160 mg, 0.4 mmol) in 2 ml DCM/abs according to
the general procedure yieldiBg42a (180 mg, 82 %) as white foam-like solftH-NMR
(CDCl) 8 (ppm): 7.04 (m, 2H, AH), 7.01 (s, 1H, Thiaz-#), 6.76(m, 2H, ArH), 3.46
(m, 2H, H,NH), 2.92 (m, ®G1,-Ar), 2.76 (m, 2H, Thiaz-5-8,), 2.68 (m, 2H, CO&)),
1.90 (m, 2H, Thiaz-5-CyCH,), 1.56 (s, 9H, C(83)3), 1.48 (s, 9H, C(H3)3);
CoeH37NsO6S (547.67).

tert-Butyl 5-(3-{3-(tert-butoxycarbonyl)-2-[6-(tert-butoxycarbonylamino)-3-
phenylhexanoyl]guanidino}propyl)thiazol-2-ylcarbamate (3.43a)

The title compound was prepared fromt&ttbutoxycarbonylamino)-3-phenylhexanoic
acid® (110 mg, 0.336 mmol), EDAC (69 mg, 0.36 mmol), H@Bonohydrate (55 mg,
0.36 mmol), DIEA (62 pl, 0.36 mmol) in 3 ml DCM/ahad3.18 (144 mg, 0.36 mmol)
in 2 ml DCM/abs according to the general proceduedding 3.43a (45 mg, 18 %) as
white yellow oil. ES-MS (DCM/MeOH + NFDACc) m/z (%): 345 ((M+2H¥*, 100), 689.3
(MH?, 75); G4Hs:NgO-S (688.88).
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tert-Butyl  5-{3-[3-(tert-butoxycarbonyl)-2-(3-methyl-4-phenylbutanoyl)guandino]-
propylithiazol-2-ylcarbamate (3.44a)

The title compound was prepared from 3-methyl-4myttutanoic acid (45 mg, 0.25
mmol), EDAC (48 mg, 0.25 mmol), HOBt-monohydrat® (ag, 0.25 mmol), DIEA (43
pl, 0.25 mmol) in 3 ml DCM/abs an8.18 (100 mg, 0.25 mmol) in 2 ml DCM/abs
according to the general procedure. Purificatiorflagh chromatography (gradient: 0-2
min: PE/EtOAc 100/0, 3-10 min: 80/20, -20 min: S0)/yielded3.44a(110 mg, 79 %) as
colorless oil*H-NMR (CDCL) & (ppm): 7.32-7.15 (m, 5H, Airt), 7.04 (s, 1H, Thiaz-4-
H), 3.46 (m, 2H, E.NH), 2.79 (t,%) = 7.41 Hz, 2H, Thiaz-5-8,), 2.64-2.16 (m, 5H,
COCH;, CH,Ar, CHCHg), 1.91 (m, 2H, Thiaz-5-C¥CH,), 1.56 (s, 9H, C(83)3), 1.51
(s, 9H, C(®13)3), 0.99 (d,’J = 6.6 Hz, 3H, CHE3); ES-MS (DCM/MeOH + NHOAC)
m/'z (%): 560.2 (MH, 100); GgH41N50sS (559.72).

tert-Butyl 5-(3-{3-(tert-butoxycarbonyl)-2-[4-(3-methoxyphenyl)-3-methylbuanoyl]-
guanidino}propyl)thiazol-2-ylcarbamate (3.45a)

The title compound was prepared from 4-(3-methoryph-3-methylbutanoic acid (79
mg, 0.38 mmol), EDAC (73 mg, 0.38 mmol), HOBt-mogdtate (58 mg, 0.38 mmaol),
DIEA (65 pl, 0.38 mmol) in 3 ml DCM/abs ar2i18 (152 mg, 0.38 mmol) in 2 ml
DCM/abs according to the general procedure. Patiba by flash chromatography
(gradient: 0-2 min: PE/EtOAc 100/0, 3-10 min: 8Q/2@-18 min: 20/80) yieldeB.45a
(100 mg, 45 %) as colorless diH-NMR (CDCk) & (ppm): 7.19 (m, 1H, AH), 7.03 (s,
1H, Thiaz-4H), 6.75 (m, 2H, AH), 3.79 (s, 3H, OH3), 3.46 (m, 2H, Ei,NH), 2.78
(m, 2H, Thiaz-5-El,), 2.60-2.29 (m, 4H, CO&,, Ar-CH,), 2.18 (m, 1H, EICHs3), 1.93
(m, 2H, Thiaz-5-CHCH,), 1.56 (s, 9H, C(83)3), 1.50 (s, 9H, C(63)3), 0.99 (d,%J =
6.31 Hz, 3H, CHEl3); ES-MS (DCM/MeOH + NHOAc) mz (%): 590.3 (MH, 100);
CaoH43N506S (589.75).

tert-Butyl 5-(3-{3-(tert-butoxycarbonyl)-2-[4-(4-methoxyphenyl)-3-methylbuanoyl]-
guanidino}propyl)thiazol-2-ylcarbamate (3.46a)

The title compound was prepared from 4-(4-methoryph-3-methylbutanoic acid (65
mg, 0.31 mmol), EDAC (60 mg, 0.31 mmol), HOBt-mowdtate (47 mg, 0.31 mmol),
DIEA (53 pl, 0.31 mmol) in 2 ml DCM/abs ari18 (124 mg, 0.31 mmol) in 2 ml
DCM/abs according to the general procedure. Patiba by flash chromatography
(gradient: 0-2 min: PE/EtOAc 100/0, 3-12 min: 8Q/23-20 min: 50/50) yieldeB.46a
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(80 mg, 44 %) as colorless otH-NMR (CDCk) & (ppm): 7.07 (m, 2H, AH), 7.03 (s,
1H, Thiaz-4H), 6.81 (m, 2H, AH), 3.77 (s, 3H, O83), 3.46 (m, 2H, EI,NH), 2.78 (t,
3) = 7.41 Hz, 2H, Thiaz-5-8,), 2.62-2.13 (m, 5H, CO&,, Ar-CH,, CHCHz), 1.91 (m,
2H, Thiaz-5-CHCHy), 1.55 (s, 9H, C(83)3), 1.50 (s, 9H, C(83)3), 0.97 (d,%) = 6.31
Hz, 3H, CHGH3); ES-MS (DCM/MeOH + NHOAC) m/z (%): 590.3 (MH, 100);
CaoH43N506S (589.75).

tert-Butyl 5-{3-[3-(tert-butoxycarbonyl)-2-(2-cyclohexylacetyl)guanidino]popyl}-
thiazol-2-ylcarbamate (3.47a)

The title compound was prepared from 2-cyclohextiacacid (28 mg, 0.2 mmol),
EDAC (39 mg, 0.2 mmol), HOBt-monohydrate (30 mg éamol), DIEA (34 ul, 0.2
mmol) in 3 ml DCM/abs an8.18 (80 mg, 0.2 mmol) in 2 ml DCM/abs according to the
general procedure. Purification by flash chromaapby (gradient: 0-2 min: PE/EtOAc
100/0, 3-15 min: 80/20) yieldeg147a(70 mg, 67 %) as colorless diH-NMR (CDCk) &
(ppm): 7.08 (s, 1H, Thiaz-#H, 3.48 (m, 2H, E,NH), 2.80 (t,3J = 7.5 Hz, 2H, Thiaz-5-
CH,), 2.27 (d,%J = 7.0 Hz, 2H, COEl,) 1.93 (m, 2H, Thiaz-5-C¥CH>), 1.73 (m, 7H,
cHexH), 1.55 (s, 9H, C(853)3), 1.51 (s, 9H, C(B3)3), 1.25 (m, 4H, cHeX); ES-MS
(DCM/MeOH + NHOAC) mVz (%): 524.1 (MH, 100); GsH41Ns0sS (523.69).

tert-Butyl 5-{3-[3-(tert-butoxycarbonyl)-2-(3-cyclohexylpropanoyl)guaniding-
propyl}ithiazol-2-ylcarbamate (3.48a)

The title compound was prepared from 3-cylcohexyanoic acid (78 mg, 0.5 mmol),
EDAC (96 mg, 0.5 mmol), HOBt-monohydrate (77 mdy éamol), DIEA (86 ul, 0.5
mmol) in 3 ml DCM/abs an8.18 (200 mg, 0.5 mmol) in 2 ml DCM/abs according te th
general procedure yieldirgy48a(240 mg, 89 %) as yellow oil. ES-MS (DCM/MeOH +
NH4OAC) m/z (%): 538.3 (MH, 100); GeH4aNs0sS (537.72).

tert-Butyl 5-{3-[3-(tert-butoxycarbonyl)-2-(4-cyclohexylbutanoyl)guanidinopropyl}-
thiazol-2-ylcarbamate (3.49a)

The title compound was prepared from 4-cyclohexygbaic acid (68 mg, 0.4 mmol),
EDAC (77 mg, 0.4 mmol), HOBt-monohydrate (61 mg} éamol), DIEA (69 ul, 0.4
mmol) in 3 ml DCM/abs an8.18(160 mg, 0.4 mmol) in 2 ml DCM/abs according te th
general procedure yieldirg49a(170 mg, 77 %) as pale yellow diH-NMR (CDCk) &
(ppm): 7.03 (s, 1H, Thiaz-#h), 3.42 (% = 6.9 Hz, 2H, @,NH), 2.81 (1,3 = 7.4 Hz,
2H, Thiaz-5-®,), 2.40 (t,3) = 7.4 Hz, 2H, CO6,), 1.93 (m, 2H, Thiaz-5-CsCH>),
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1.77-1.57 (m, 11H, COCIEH,, cHexH), 1.53 (s, 9H, C(B3)3), 1.48 (s, 9H, C(E3)s),
1.29 (m, 2H, cHeH), 1.24 (m, 2H, cHeH); ES-MS (DCM/MeOH + NHOAC) miz
(%) 552.3 (MH, 100), G7H4sNs05S (55174)

tert-Butyl 5-{3-[3-(tert-butoxycarbonyl)-2-(3-cyclohexyl-5-methylhexanoyl)-
guanidino]propyl}thiazol-2-ylcarbamate (3.50a)

The title compound was prepared from 3-cyclohexpié&thylhexanoic acid (61 mg, 0.3
mmol), EDAC (58 mg, 0.3 mmol), HOBt-monohydrate @6, 0.3 mmol), DIEA (52 pl,
0.3 mmol) in 3 ml DCM/abs angl18 (120 mg, 0.3 mmol) in 2 ml DCM/abs according to
the general procedure yieldiBgp0a(150 mg, 84 %) as yellow oil. ES-MS (DCM/MeOH
+ NH40AC) mVz (%): 594.3 (MH, 100); GoHs1Ns0sS (593.82).

tert-Butyl 5-{3-[3-(tert-butoxycarbonyl)-2-(4-cyclohexyl-3-methylbutanoyl)-
guanidino]propyl}thiazol-2-ylcarbamate (3.51a)

The title compound was prepared from 4-cyclohexyt&hylbutanoic acid (28 mg, 0.15
mmol), EDAC (30 mg, 0.15 mmol), HOBt-monohydratd (2g, 0.15 mmol), DIEA (27
pl, 0.15 mmol) in 3 ml DCM/abs an8.18 (60 mg, 0.15 mmol) in 2 ml DCM/abs
according to the general procedure yieldh§la (80 mg, 94 %) as yellow-brown oil.
ES-MS (DCM/MeOH + NHOAC) mVz (%): 565.3 (MH, 100); GgH7Ns0sS (565.77).

tert-Butyl 5-{3-[3-(tert-butoxycarbonyl)-2-(3-(cyclohexylmethyl)pentanoyl)-
guanidino]propyl}thiazol-2-ylcarbamate (3.52a)

The title compound was prepared from 3-(cyclohexghwgl)pentanoic acid (45 mg, 0.23
mmol), EDAC (44 mg, 0.23 mmol), HOBt-monohydrat® (8g, 0.23 mmol), DIEA (39
pl, 0.23 mmol) in 3 ml DCM/abs an8.18 (92 mg, 0.23 mmol) in 2 ml DCM/abs
according to the general procedure yieldih§2a (100 mg, 75 %) as yellow oil. ES-MS
(DCM/MeOH + NH,0Ac) mVz (%): 580.3 (MH, 100); GoH49N50sS (579.79).

tert-Butyl  5-{3-[3-(tert-butoxycarbonyl)-2-(6-(tert-butoxycarbonylamino)hexanoyl)-
guanidino]propyl}thiazol-2-ylcarbamate (3.53a)

The title compound was prepared fromt@&ttbutoxycarbonylamino)hexanoic acid (230
mg, 1 mmol), EDAC (192 mg, 1 mmol), HOBt-monohyer&153 mg, 1 mmol), DIEA
(270 pl, 1 mmol) in 3 ml DCM/abs angl18 (400 mg, 1 mmol) in 2 ml DCM/abs
according to the general procedure yieldth§3a (490 mg, 82 %) as yellow oil. ES-MS
(DCM/MeOH + NH,0Ac) mVz (%): 613.2 (MH, 100); GgH4sgNeO-S (612.78).
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tert-Butyl 5-{3-[3-(tert-butoxycarbonyl)-2-(11-aminoundecanoyl)guanidino]popyl}-
thiazol-2-ylcarbamate (3.54a)

The title compound was prepared from 1di{butoxycarbonylamino)undecanoic acid
(250 mg, 0.83 mmol), EDAC (159 mg, 0.83 mmol), HoBonohydrate (127 mg, 0.83
mmol), DIEA (206 pl, 0.83 mmol) in 3 ml DCM/abs aBd 8 (330 mg, 0.83 mmol) in 2
ml DCM/abs according to the general procedure ineldB.54a (420 mg, 74 %) as
colorless oil.*H-NMR (CDCL) & (ppm): 7.03 (s, 1H, Thiaz-#), 3.48 m, 2H, El,NH),
3.09 (m, 2H, EI,NHBoc), 2.79 (t3J = 7.41 Hz, 2H, Thiaz-5-8,), 2.39 (t,%J = 7.7 Hz,
2H, COMH,), 192 (m, 2H, Thiaz-5-C#€H,), 1.65 (m, 4H, COCKCH,,
CH,CH;NHBoc), 1.55 (s, 9H, (B3)3), 1.50 (s, 9H, (Ch)3) 1.44 (s, 9H, (El3)s), 1.28
(m, 12H, (G,)e); ES-MS (DCM/MeOH + NHOAc) mVz (%): 683.4 (MH, 100);
Ca3HsgN6OS (682.91).

S-6-(fert-Butoxycarbonylamino){3-[2-(tert-butoxycarbonylamino)thiazol-5-yl]-
propylamino}methyleneamino)-6-oxohexyl ethanethioat (3.55a)

The title compound was prepared from 6-(acetyltieganoic acid (95 mg, 0.5 mmol),
EDAC (96 mg, 0.5 mmol), HOBt-monohydrate (77 mdy @imol), DIEA (86 ul, 0.5
mmol) in 3 ml DCM/abs an8.18 (200 mg, 0.5 mmol) in 2 ml DCM/abs according te th
general procedure yieldirg)55a(260 mg, 91 %) as dark yellow otH-NMR (CDCk) &
(ppm): 7.05 (s, 1H, Thiaz-#), 3.47 (m, 2H, E,NH), 2.86 (m, 2H, SE,), 2.79 (t3) =
7.5 Hz, 2H, Thiaz-5-8,), 2.40 (t,J = 7.5 Hz, 2H, CO@El,), 2.32 (s, 3H, COH3), 1.90
(m, 2H, Thiaz-5-CHCHy5), 1.73-1.58 (m, 6H, SCi€H,, COCHCH,, COCHCH,), 1.54
(s, 9H, C(®3)3), 1.49 (s, 9H, C(B3)3); ES-MS (DCM/MeOH + NHOAC) m/z (%):
572.2 (MH, 100); GsHa1N506S, (571.75).

General procedure for the synthesis of 3.20a, 3.213.33a and 3.34a

NEt; (1 eq) and the pertinent acid chloride (1 eq) wdded to a solution d3.17or 3.18

(1 eq) in 4 ml DCM/abs. The mixture was stirred romght at room temperature. The
solvent was removed under reduced pressure, EtOwcwveater were added to the
residue, the organic phase was separated and ukews)layer extracted three times with
EtOAc. After drying over MgSg) the solvent was removed vacuo. The crude product

was purified by flash chromatography.

tert-Butyl 5-{3-[3-(tert-butoxycarbonyl)-2-pentanoylguanidino]propyl}-4-methyl-
thiazol-2-ylcarbamate (3.20a)
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The title compound was prepared fr@&17 (165 mg, 0.4 mmol), Ng{55 pl, 0.4 mmol)
and pentanoyl chloride (47 ul, 0.4 mmol) in 4 ml l@bs according to the general
procedure (PE/EtOAc 70/30 v/v) yieldir8y20a (180 mg, 90 %) as pale yellow otH-
NMR (CDCk) & (ppm): 3.46 (m, 2H, B,NH), 2.70 (1,3 = 7.5 Hz, 2H, Thiaz-5-85),
2.40 (m, 2H, CO@,), 2.21 (s, 3H, Thiaz-4483), 1.87 (m, 2H, Thiaz-5-C¥CH,), 1.67
(m, 2H, COCHCH,), 1.52 (s, 9H, C(H3)3), 1.50 (s, 9H, C(83)3), 1.38 (m, 2H,
CH2CHzs), 0.96 (m, 3H, ChCH3); ES-MS (DCM/MeOH + NHOAc) nVz (%): 498.1
(MH, 100); G3H3gNsOsS (497.65).

tert-Butyl 5-{3-[3-(tert-butoxycarbonyl)-2-nonanoylguanidino]propyl}-4-methyl-
thiazol-2-ylcarbamate (3.21a)

The title compound was prepared fr@&17 (207 mg, 0.5 mmol), Ng{71 pl, 0.5 mmol)
and nonanoyl chloride (92 pl, 0.5 mmol) in 5 ml D@#s according to the general
procedure (PE/EtOAc 80/20 v/v) yieldiBg21a(240 mg, 87 %) as colorless diH-NMR
(CDCly) & (ppm): 3.45 (m, 2H, B2NH), 2.70 (t,%) = 7.4 Hz, 2H, Thiaz-5-8,), 2.39 (t,
3) = 7.5 Hz, 2H, CO@,), 2.20 (s, 3H, Thiaz-4483), 1.88 (m, 2H, Thiaz-5-C}CH,),
1.65 (m, 2H, COChKLCH>), 1.53 (s, 9H, C(H3)3), 1.50 (s, 9H, C(83)3), 1.26 (m, 10H,
(CHy)s), 0.93 (m, 3H, CHCH3); ES-MS (DCM/MeOH + NHOAc) m/z (%): 554.2
(MH?, 100); G7H47NsOsS (553.76).

tert-Butyl  5-{3-[3-(tert-butoxycarbonyl)-2-pentanoylguanidino]propyl}thiazol-2-yl-
carbamate (3.33a)

The title compound was prepared fr@&318 (160 mg, 0.4 mmol), Ng{55 pl, 0.4 mmol)
and pentanoyl chloride (47 ul, 0.4 mmol) in 4 ml l@bs according to the general
procedure (PE/EtOAc 70/30 v/v) yieldidgB33a(95 mg, 50 %) as pale yellow oil. ES-MS
(DCM/MeOH + NH,OAC) m/z (%): 484.1 (MH, 100); G,H3/NsOsS (483.62).

tert-Butyl  5-{3-[3-(tert-butoxycarbonyl)-2-nonanoylguanidino]propyl}thiazol-2-yl-
carbamate (3.34a)

The title compound was prepared fr&48 (200 mg, 0.5 mmol), NEg{71 pl, 0.5 mmol)
and nonanoyl chloride (92 pl, 0.5 mmol) in 5 ml D@#s according to the general
procedure. Purification by flash chromatographwagignt: 0-2 min: PE/EtOAc 100/0, 3-8
min: 90/10, 9-20 min: 80/20) yielde8.34a (130 mg, 60 %) as colorless oil. ES-MS
(DCM/MeOH + NH,0Ac) mVz (%): 540.3 (MH, 100); GeH4sN505S (539.73).
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3.5.1.5 Preparation of the deprotectedN®-acylated aminothiazolyl-
propylguanidines 3.19-3.65

General procedure for the synthesis of deprotectedcylguanidines 3.19-3.55, 3.64
and 3.65

TFA (20 %) was added to a solution of the proteaegguanidines$.19-3.55 3.64 and
3.65in DCM/abs, and the mixture was stirred at ambientperature until the protecting
groups were removed (3-5 h) (TLC control). Subsatyethe solvent was evaporated
vacuo and the residue was purified by preparative RP-EIPAIl compounds were
obtained as trifluoroacetic acid salts.

1-[3-(2-Amino-4-methylthiazol-5-yl)propyl]-2-propanoylguanidine (3.19)

Prepared fron8.19a(170 mg, 0.36 mmol) in 5 ml DCM/abs and 1 ml TRé&arding to
the general procedure vyielding19 (110 mg, 61 %) as pale yellow oitH-NMR
(CDsOD) & (ppm): 3.35 (133 = 6.9 Hz, 2H, EI,NH), 2.71 (t,%) = 7.4 Hz, 2H, Thiaz-5-
CH>), 2.49 (q,%) = 7.4 Hz, 2H, CO€l,), 2.17 (s, 3H, Thiaz-4483), 1.90 (m, 2H, Thiaz-
5-CH,CH>), 1.14 (t,J = 7.41 Hz, 3H, COCKCH3); **C-NMR (CD;OD) & (ppm): 178.01
(quat.C=0), 170.37 (quat. Thiaz-2), 146.13 (quat. Thiaz-@), 118.44 (quat. Thiaz-5-
C), 41.60 (-,CH,NH), 31.07 (-, C@Hy), 29.71 (-, Thiaz-5-CkCHy), 23.63 (-, Thiaz-5-
CHy), 11.44 (+, Thiaz-4zHs), 8.57 (+, COCHCH3); HREIMS: m/z for ([C11H1oN5OS]™)
calcd. 269.1310, found 269.1303; prep HPLC: MeCN#. TFA/aq (10/90-50/50); anal.
HPLC: k'=0.73 ( = 4.62 min, column B), purity = 99 %;;{(H1gNsOS- 2TFA (497.41).

1-[3-(2-Amino-4-methylthiazol-5-yl)propyl]-2-pentanoylguanidine (3.20)

Prepared fron8.20a(180 mg, 0.36 mmol) in 5 ml DCM/abs and 1 ml TRé&arding to
the general procedure yieldirdg20 (100 mg, 53 %) as yellow oitH-NMR (CDsOD) &
(ppm): 3.35 (t3J = 6.9 Hz, 2H, ®,NH), 2.71 (t,3) = 7.41 Hz, 2H, Thiaz-58,), 2.47
(t, 3 = 7.41 Hz, 2H, COH,), 2.18 (s, 3H, Thiaz-4485), 1.90 (m, 2H, Thiaz-5-
CH,CHy), 1.64 (m, 2H, COCBCHy), 1.38 (m, 2H, €,CHs), 0.94 (1,3 = 7.41 Hz, 3H,
CH,CHs); *C-NMR (CD;OD) & (ppm): 177.41 (quatC=0), 170.97 (quat. Thiaz-2),
118.44 (quat. Thiaz-8), 41.61 (-, CH,NH), 37.52 (-, C@H,), 29.73 (-, Thiaz-5-
CH,CH,), 27.57 (-, COCHCHy,), 23.63 (-, Thiaz-32H,), 23.12 (-,CH,CHs), 14.05 (+,
COCH,CHa3), 11.44 (+, Thiaz-45Hs3); HREIMS: m/z for ([C13H2aNsOS]™) calcd.
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297.1623, found 297.1623; prep HPLC: MeCN/0.1 % 7E€A(10/90-50/50); anal.
HPLC: k'=2.96 @t = 7.91 min, column B), purity = 96 %;{,3Ns0S- 2TFA (525.26).

1-[3-(2-Amino-4-methylthiazol-5-yl)propyl]-2-nonanoylguanidine (3.21)

Prepared fron8.21a(230 mg, 0.42 mmol) in 5 ml DCM/abs and 1 ml TF&arding to
the general procedure yieldir&21 (60 mg, 25 %) as yellow oitH-NMR (CDs;OD) &
(ppm): 3.35 (23 = 6.9 Hz, 2H, E,NH), 2.71 (1,3 = 7.7 Hz, 2H, Thiaz-5-8.), 2.47 (t,
3) = 7.4 Hz, 2H, COB)), 2.18 (s, 3H, Thiaz-4485), 1.90 (m, 2H, Thiaz-5-C}CH,),
1.65 (m, 2H, COCBLLH>), 1.31 (m, 10H, (€)s), 0.90 (t,3J = 6.9 Hz, 3H, CHCH3);
3C-NMR (CD;OD) & (ppm): 177.42 (quatC=0), 162.80 (quat. Thiaz-2), 155.31
(quat. C=NH), 132.61 (quat. Thiaz-@), 118.44 (quat. Thiaz-&), 41.60 (-,CH2NH),
37.79 (-, C@Hy), 33.00 (-,CHy), 30.37 (-,CH,), 30.29 (-,CH>), 30.04 (-,CH>), 29.74 (-,
Thiaz-5-CHCHy), 25.49 (-, COCHCHy), 23.62 (-, Thiaz-32H,), 23.62 (-,CH,CHj3),
14.45 (+, CHCHa3), 11.45 (+, Thiaz-42H3); HREIMS: m/z for ([C17H3i:NsOST™) calcd.
353.2249, found 353.2247; prep HPLC: MeCN/0.1 % 7E€A(20/80-50/50); anal.
HPLC: k'= 4.06 (¢ = 13.54 min, column B), purity = 96 %;1f131Ns0S - 2TFA
(581.57).

1-[3-(2-Amino-4-methylthiazol-5-yl)propyl]-2-benzoyguanidine (3.22)

Prepared fron8.22a(180 mg, 0.35 mmol) in 5 ml DCM/abs and 1 ml TR&arding to
the general procedure yieldir8g22 (130 mg, 68 %) as brown ofiH-NMR (CDsOD) &
(ppm): 8.00 (m, 2H, At), 7.75 (m, 1H, AH), 7.70-7.55 (m, 2H, AH), 3.50 (m, 2H,
CH2NH), 2.76 (m, 2H, Thiaz-5-8;), 2.20 (s, 3H, Thiaz-4483), 1.95 (m, 2H, Thiaz-5-
CH,CH); *C-NMR (CD;0D) & (ppm): 171.27 (quat=0), 135.27 (quat. AG), 132.37
(quat. Thiaz-4€), 130.19 (+, Ar€), 129.32 (+, Ar€), 118.40 (quat. Thiaz-&), 41.90 (-,
CH,NH), 29.81 (-, Thiaz-5-CbCH,), 23.65 (-, Thiaz-3=H,), 11.48 (+, Thiaz-4=Hs);
HREIMS: mvz for ([CisH1oNsOSJ™) calcd. 317.1310, found 317.1307; prep HPLC:
MeCN/0.1 % TFA/aq (20/80-50/50); anal. HPLC: k' Ziz = 9.95 min, column A),
purity = 98 %; GsH1oNsOS- 2TFA (545.17).

1-[3-(2-Amino-4-methylthiazol-5-yl)propyl]-2-(2-phenylacetyl)guanidine (3.23)
Prepared fron8.23a(200 mg, 0.38 mmol) in 5 ml DCM/abs and 1 ml TRé&arding to
the general procedure yieldir§23 (190 mg, 90 %) as yellow-brown oitH-NMR
(CDsOD) 6 (ppm): 7.40-7.20 (m, 5H, A), 3.79 (s, 2H, CO8,), 3.35 (m, 2H,
CH2NH), 2.70 (m, 2H, Thiaz-5-8,), 2.16 (s, 3H, Thiaz-443), 1.90 (m, 2H, Thiaz-5-
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CH,CH>); *C-NMR (CD;OD) & (ppm): 175.25 (quatC=0), 170.37 (quat. Thiaz-2),
143.31 (quat. AE), 132.58 (quat. Thiaz-€), 130.60 (+, Arc), 129.80 (+, Arc),
128.62 (+, ArC), 118.41 (quat. Thiaz-8), 44.42 (-, C@H,), 41.64 (-,CH,NH), 29.66
(-, Thiaz-5-CHCH,), 23.59 (-, Thiaz-82H,), 11.43 (+, Thiaz-45Hs); HREIMS: m/z for
([C16H21NsOST™) caled. 331.1467, found 331.1464; prep HPLC: MeLNRo TFA/aq
(20/80-50/50); anal. HPLC: k'= 2.25g(t 10.79 min, column A), purity = 100 %;
Ci16H21Ns0S - 2TFA (559.48).

1-[3-(2-Amino-4-methylthiazol-5-yl)propyl]-2-(3-phenylpropanoyl)guanidine (3.24)
Prepared fron8.24a(180 mg, 0.33 mmol) in 5 ml DCM/abs and 1 ml TRé&arding to
the general procedure yieldir§24 (170 mg, 90 %) as yellow-brown oitH-NMR
(CDsOD) & (ppm): 7.30-7.10 (m, 5H, Ai), 3.35 (m, 2H, El.NH), 2.96 (t,°J = 7.7 Hz,
2H, COMH,), 2.79 (t,2) = 7.6 Hz, 2H, El,-Ar), 2.70 (t,°) = 7.4 Hz, 2H, Thiaz-5-8,),
2.17 (s, 3H, Thiaz-4-B3), 1.89 (m, 2H, Thiaz-5-C}CH,); *C-NMR (CD;OD) & (ppm):
176.52 (quatC=0), 141.36 (quat. AEG), 132.60 (quat. Thiaz-@), 129.62 (+, Arc),
129.48 (+, Ar€), 127.51 (+, Ar€), 118.42 (quat. Thiaz-6), 41.59 (-,CH,NH), 39.52 (-
, COCHy), 31.29 (-,CH2-Ar), 29.70 (-, Thiaz-5-CkCH,), 23.60 (-, Thiaz-32H,), 11.45
(+, Thiaz-4CHs); HREIMS: mvz for ([C17H23Ns0S]™) caled. 345.1623, found 345.1624;
prep HPLC: MeCN/0.1 % TFA/aq (20/80-50/50); anaPLi€: k'= 2.39 (¢ = 11.23 min,
column A), purity = 99 %; GH23Ns0S- 2TFA (573.5).

1-[3-(2-Amino-4-methylthiazol-5-yl)propyl]-2-(4-phenylbutanoyl)guanidine (3.25)
Prepared fron8.25a(200 mg, 0.36 mmol) in 5 ml DCM/abs and 1 ml TRé&arding to
the general procedure yieldir8g25 (121 mg, 57 %) as brown ofH-NMR (CDsOD) §
(ppm): 7.30-7.10 (m, 5H, AH), 3.34 (m, 2H, EI;NH), 2.70 (m, 2H, Thiaz-5-8,), 2.68
(m, 2H, (H»-Ar), 2.48 (t,°J = 7.1 Hz, 2H, CO8l,), 2.18 (s, 3H, Thiaz-4485), 1.97 (m,
2H, Thiaz-5-CHCH,), 1.89 (m, 2H, El,CH-Ar); *C-NMR (CD;OD) & (ppm): 176.37
(quat.C=0), 142.04 (quat. AE), 132.63 (quat. Thiaz-@), 129.60 (+, Arc), 129.51 (+,
Ar-C), 127.17 (+, Ar€), 118.44 (quat. Thiaz-8), 41.62 (-,CH,NH), 37.11 (-, C@H,),
35.90 (-,CH2-Ar), 29.78 (-, Thiaz-5-ChkCHy), 27.14 (-, COCKICH,), 23.62 (-, Thiaz-5-
CHy), 11.46 (+, Thiaz-42Hs); HREIMS: vz for ([C1gH2sNsOS]™) caled. 359.1780,
found 359.1785; prep HPLC: MeCN/0.1 % TFA/aq (2088050); anal. HPLC: k'= 2.87
(tr = 12.83 min, column A), purity = 100 %;4E,5Ns0S- 2TFA (587.53).

1-[3-(2-Amino-4-methylthiazol-5-yl)propyl]-2-(5-phenylpentanoyl)guanidine (3.26)
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Prepared fron8.26a(200 mg, 0.35 mmol) in 5 ml DCM/abs and 1 ml TR&arding to
the general procedure yieldir8g26 (189 mg, 90 %) as brown ofH-NMR (CDsOD) §
(ppm): 7.29-7.10 (m, 5H, AH), 3.34 (m, 2H, El;NH), 2.93 (m, 2H, Thiaz-5-8,), 2.63
(m, 2H, H»-Ar), 2.50 (m, 2H, CO@),), 2.17 (s, 3H, Thiaz-443), 1.90 (m, 2H, Thiaz-
5-CH,CH,), 1.65 (m, 4H, COCHKCH,, CH,CH,-Ar); *C-NMR (CD;OD) & (ppm):
177.26 (quatC=0), 163.79 (quat. Thiaz-2), 142.31 (quat. AE), 132.63 (quat. Thiaz-
4-C), 129.45 (+, Arc), 129.39 (+, Ar€), 126.88 (+, Arc), 118.44 (quat. Thiaz-8&),
41.60 (-,CH,NH), 37.59 (-, C@H,), 36.47 (-,CH,-Ar), 31.86 (-, Thiaz-5-ChCH,),
25.02 (-, COCHCH,, CH,CH,-Ar), 23.61 (-, Thiaz-32H,), 11.45 (+, Thiaz-4=Hy);
HREIMS: mVz for ([CigH2:NsOSJ™) calcd. 373.1936, found 373.1938; prep HPLC:
MeCN/0.1 % TFA/aq (20/80-50/50); anal. HPLC: k'248.(k = 14.06 min, column A),
purity = 99 %; GgH»7NsOS- 2TFA (601.56).

1-[3-(2-Amino-4-methylthiazol-5-yl)propyl]-2-(6-phenylhexanoyl)guanidine (3.27)
Prepared fron8.27a(200 mg, 0.34 mmol) in 5 ml DCM/abs and 1 ml TRé&arding to
the general procedure yieldir8g27 (167 mg, 80 %) as brown ofiH-NMR (CDsOD) &
(ppm): 7.35-7.09 (m, 5H, AH), 3.34 (m, 2H, EI,NH), 2.70 (m, 2H, Thiaz-5-8,), 2.60
(m, 2H, H,-Ar), 2.45 (m, 2H, CO@l,), 2.16 (s, 3H, Thiaz-4483), 1.89 (m, 2H, Thiaz-
5-CH,CH,), 1.62 (m, 4H, COCKCH,, CH,CHy-Ar), 1.37 (m, 2H, COCKCH,CH,); **C-
NMR (CDsOD) 6 (ppm): 177.37 (quatC=0), 170.36 (quat. Thiaz-€), 155.32 (quat.
C=NH), 143.65 (quat. A€), 132.59 (quat. Thiaz-@), 129.40 (+, Arc), 129.28 (+, Ar-
C), 126.70 (+, Ar€), 118.39 (quat. Thiaz-6), 41.55 (-,CH,NH), 37.66 (-, C@H,),
36.62 (-, CHx-Ar), 32.23 (-, CH,CH,-Ar), 29.45 (-, Thiaz-5-CkCH,), 29.28 (-,
CH,CH,CH,-Ar), 25.26 (-, COCHCHy,), 23.58 (-, Thiaz-82H,), 11.41 (+, Thiaz-42H3);
HREIMS: myz for ([CooH2oNsOST™) calcd. 387.2093, found 387.2088; prep HPLC:
MeCN/0.1 % TFA/aq (20/80-50/50); anal. HPLC: k'58.(k = 15.21 min, column A),
purity = 95 %; GoH2oNsOS- 2TFA (615.58).

1-[3-(2-Amino-4-methylthiazol-5-yl)propyl]-2-(3,3-dphenylpropanoyl)guanidine
(3.28)

Prepared fron8.28a(200 mg, 0.32 mmol) in 5 ml DCM/abs and 1 ml TRé&arding to
the general procedure yieldirgg28 (62 mg, 30 %) as brown oitH-NMR (CDs;OD) &
(ppm): 7.29 (M, 8H, AH), 7.17 (m, 2H, AH), 4.59 (t,3 = 8.2 Hz, 1H, Ei(Ar),), 3.27
(m, 2H, H,NH), 3.25 (m, 2H, CO8,), 2.65 (1,°J = 7.4 Hz, 2H, Thiaz-5-85), 2.13 (s,
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3H, Thiaz-4-G3), 1.86 (m, 2H, Thiaz-5-C¥CH,); *C-NMR (CD;OD) & (ppm): 175.55
(quat. C=0), 170.33 (quat. Thiaz-2), 144.49 (quat. A€E), 132.83 (quat. Thiaz-@),
129.86 (+, ArC), 129.70 (+, Ar€), 129.57 (+, Arc), 129.16 (+, Arc), 128.81 (+, Ar-
C), 127.80 (+, Ar€), 118.36 (quat. Thiaz-6), 43.80 (-, C@H,), 41.49 (-,CH,NH),
29.61 (-, Thiaz-5-ChkCH,), 23.51 (-, Thiaz-32H,), 11.52 (+, Thiaz-42H3); HREIMS:
m/z for ([CaaHo7NsOST™) calcd. 421.1936, found 421.1935; prep HPLC: MeLNRb
TFA/aq (20/80-50/50); anal. HPLC: k'= 3.4 & 14.81 min, column A), purity = 100
%; Co3H27NsOS- 2TFA (649.6).

1-[3-(2-Amino-4-methylthiazol-5-yl)propyl]-2-(cyclohexanecarbonyl)guanidine
(3.29)

Prepared fron8.29a(190 mg, 0.36 mmol) in 5 ml DCM/abs and 1 ml TF&arding to
the general procedure yieldig29 (188 mg, 95 %) as yellow oitH-NMR (CDsOD) &
(ppm): 3.35 (2 = 6.9 Hz, 2H, E,NH), 2.71 (1,3 = 7.4 Hz, 2H, Thiaz-5-8,), 2.42
(m, 1H, CO®), 2.17 (s, 3H, Thiaz-4483), 1.91 (m, 2H, Thiaz-5-C§CH;), 1.80 (m,
2H, cHexH), 1.69 (m, 2H, cHeX), 1.45 (m, 2H, cHexH), 1.36 (m, 2H, cHeX); *°C-
NMR (CDsOD) 6 (ppm): 180.18 (quatC=0), 170.35 (quat. Thiaz-2), 155.58 (quat.
C=NH), 132.59 (quat. Thiaz-@), 118.39 (quat. Thiaz-&), 43.78 (+, C@H), 41.63 (-,
CHyNH), 29.89 (-, Thiaz-5-ChkCHy), 29.64 (-, cHexE), 26.62 (-, cHexe), 26.25 (-,
cHexC), 23.64 (-, Thiaz-%H,), 11.41 (+, Thiaz-4sHs); HREIMS: m/z for
([C1sH2sNsOST™) caled. 323.1780, found 323.1778; prep HPLC: MeNRb6 TFA/aq
(20/80-50/50); anal. HPLC: k'= 2.42gr(E 11.34 min, column A), purity = 98 %;
Ci1sH25Ns0S - 2TFA (551.22).

1-[3-(2-Amino-4-methylthiazol-5-yl)propyl]-2-(2-cydohexylacetyl)guanidine (3.30)
Prepared fron8.30a(150 mg, 0.28 mmol) in 5 ml DCM/abs and 1 ml TFe&arding to
the general procedure yieldirdy30 (150 mg, 95 %) as yellow oitH-NMR (CDsOD) &
(ppm): 3.35 (t2J = 7.4 Hz, 2H, E,NH), 2.71 (t,*) = 7.1 Hz, 2H, Thiaz-5-85), 2.34 (d,
3) = 6.9 Hz, 2H, COE@,), 2.18 (s, 3H, Thiaz-4483), 1.93 (m, 2H, Thiaz-5-C}CH>),
1.80-1.60 (m, 5H, cHek), 1.40-1.17 (m, 6H, cHek):; *C-NMR (CD;OD) & (ppm):
176.69 (quatC=0), 170.37 (quat. Thiaz-2), 155.28 (quatC=NH), 132.61 (quat. Thiaz-
4-C), 118.43 (quat. Thiaz-&), 48.75 (-, C@H,), 41.61 (-,CH,NH), 32.92 (+, cHexe),
29.71 (-, Thiaz-5-Chk{CH,), 27.18 (-, cHext), 27.14 (-, cHexE), 23.62 (-, Thiaz-32H,),
11.45 (+, Thiaz-42H3); HREIMS: m/z for ([C1eH27NsOSJ™) calcd. 337.1936, found
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337.1930; prep HPLC: MeCN/0.1 % TFA/aq (20/80-50/%hal. HPLC: k'= 2.85 §t=
12.77 min, column A), purity = 98 %;,6H,7/NsOS- 2TFA (565.52).

1-[3-(2-Amino-4-methylthiazol-5-yl)propyl]-2-(11-amnoundecanoyl)guanidine

(3.32)

Prepared fron8.31a(50 mg, 0.07 mmol) in 5 ml DCM/abs and 1 ml TFA@aing to
the general procedure yieldir&31 (30 mg, 58 %) as yellow oitH-NMR (CDs;OD) &
(ppm): 3.35 (t2J = 6.9 Hz, 2H, EI,NH), 2.90 (t,°J = 7.41 Hz, 2H, €,NH,), 2.71 (t,%J

= 7.68 Hz, 2H, Thiaz-5-B,), 2.46 (t,] = 7.41 Hz, 2H, CO8,), 2.18 (s, 3H, Thiaz-4-
CH3), 1.90 (m, 2H, Thiaz-5-C§{CH,), 1.64 (m, 4H, COCKCH,, CH,CH,NH,), 1.33 (m,
12H, ((H»)e); *C-NMR (CD;OD) & (ppm): 177.49 (quaC=0), 170.39 (quat. Thiaz-2-
C), 155.39 (quatC=NH), 132.59 (quat. Thiaz-@), 118.41 (quat. Thiaz-&), 41.57 (-,
CH,NH), 40.77 (-,CH,NH,), 37.77 (-, C@Hy,), 30.47 (-,CH,CH,NHy), 30.35 (-,CH,),
30.22 (-,CHy), 30.02 (-,CHy), 29.69 (-, Thiaz-5-ChCH,), 28.62 (-,CHy), 27.47 (-,
CH,CH,CH;NHy), 25.51 (-, COCHKHCHy), 23.62 (-, Thiaz-32H,), 11.44 (+, Thiaz-4-
CHs); HREIMS: m/z for ([C1gH3sNsOS]™) calcd. 396.2671, found 396.2683; prep HPLC:
MeCN/0.1 % TFA/aq (20/80-50/50); anal. HPLC: k94..(k = 7.89 min, column B),
purity = 96 %; GoHzeNeOS- 3TFA (738.65).

1-[3-(2-Aminothiazol-5-yl)propyl]-2-propanoylguanidine (3.32)

Prepared fron8.32a(65 mg, 0.14 mmol) in 5 ml DCM/abs and 1 ml TFA@aling to
the general procedure yieldi8g32 (25 mg, 37 %) as white amorphous sofid-NMR
(CDs0D) & (ppm): 7.02 (s, 1H, Thiaz-¥), 3.37 (1,3 = 6.9 Hz, 2H, G.NH), 2.77 (t,3J
= 7.6 Hz, 2H, Thiaz-5-8,), 2.49 (q,%) = 7.4 Hz, 2H, CO8)), 1.95 (m, 2H, Thiaz-5-
CH,CH)), 1.15 (1,3 = 7.4 Hz, 3H, CHCH3); *C-NMR (CD;OD) & (ppm): 177.97 (quat.
C=0), (quat. Thiaz-Zz), 155.34 (quatC=NH), (quat. Thiaz-52), 120,01 (+, Thiaz-4-
CH), 41.50 (-,CH,NH), 31.08 (-, C@Hy), 29.55 (-, Thiaz-5-CkCH>), 24.96 (-, Thiaz-5-
CH,), 8.57 (+, CHCHa); HREIMS: mVz for ([C1oH17NsOSJ™) calcd. 255.1154, found
255.1154; prep HPLC: MeCN/0.1 % TFA/aq (10/90-3%/@&mal. HPLC: k'= 0.61 #t=
4.31 min, column B), purity = 100 %;6H:/NsOS- 2TFA (483.38).

1-[3-(2-Aminothiazol-5-yl)propyl]-2-pentanoylguanidne (3.33)

Prepared fron8.33a(55 mg, 0.11 mmol) in 5 ml DCM/abs and 1 ml TFA@aing to
the general procedure yieldiBg33 (10 mg, 18 %) as colorless diH-NMR (CD;OD) &
(ppm): 7.01 (s, 1H, Thiaz-#h), 3.37 (t,% = 6.9 Hz, 2H, @,NH), 2.78 (1,3 = 7.5 Hz,
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2H, Thiaz-5-®,), 2.47 (t,°J = 7.4 Hz, 2H, CO@E,), 1.95 (m, 2H, Thiaz-5-C}CH,),
1.64 (m, 2H, @®,CHs), 1.39 (m, 2H, COCBCH), 0.94 (1,3 = 7.3 Hz, 3H, CHCH5);
3C-NMR (CD;OD) & (ppm): 177.35 (quatC=0), (quat. Thiaz-L), (quat. C=NH),
127.53 (quat. Thiaz-8), 122.57 (+, Thiaz-4H), 41.52 (-,CH,NH), 37.53 (-, C@H)),
29.52 (-, Thiaz-5-ChlCH,), 27.56 (-, COCKCH,), 24.91 (-, Thiaz-82H,), 23.13 (-,
CH.CHg), 14.06 (+, CHCHs); HREIMS: mVz for ([C12H21NsOS]™) caled. 283.1467,
found 283.1469; prep HPLC: MeCN/0.1 % TFA/aq (1088050); anal. HPLC: k'= 1.74
(tr = 7.34 min, column B), purity = 100 %;34H,:NsOS- 2TFA (511.43).

1-[3-(2-Aminothiazol-5-yl)propyl]-2-nonanoylguanidine (3.34)

Prepared fron8.34a(60 mg, 0.11 mmol) in 5 ml DCM/abs and 1 ml TFA@aing to
the general procedure yieldir&y34 (40 mg, 64 %) as white foam-like solitH-NMR
(CDsOD) & (ppm): 7.12 (s, 1H, Thiaz-#), 3.51 (m, 2H, El,NH), 2.88 (t,°J = 7.3 Hz,
2H, Thiaz-5-G,), 2.49 (t,°J = 7.4 Hz, 2H, CO@,), 2.01 (m, 2H, Thiaz-5-C}CH,),
1.63 (m, 2H, COCKLCH5), 1.30 (m, 10H, (Ely)s), 0.87 (t,%J = 6.0 Hz, 3H, CHCH3);
3C-NMR (CD;0OD) & (ppm): 177.61 (quatC=0), 155.45 (quatC=NH), 125.42 (quat.
Thiaz-5C), 124.46 (+, Thiaz-4H), 40.85 (-,CH,NH), 37.10 (-, C@H,), 32.54 (-,
CH,CH,CHs), 29.95 (-, Thiaz-5-CkCHy), 29.35 (-,CHy), 29.26 (-,CH,), 29.09 (-,CHy),
25.19 (-, COCHCH,), 24.56 (-, Thiaz-32H,), 23.29 (-,CH,CHj3), 14.35 (+, CHCHy);
HREIMS: myz for ([C1eH2oNsOST™) calcd. 339.2093, found 339.2095; prep HPLC:
MeCN/0.1 % TFA/aq (20/80-50/50); anal. HPLC: k’93B.(& = 13.30 min, column B),
purity = 100 %; GeH290NsOS- 2TFA (567.54).

1-[3-(2-Aminothiazol-5-yl)propyl]-2-nonadecanoylguaidine (3.35)

Prepared fron8.35a(50 mg, 0.07 mmol) in 5 ml DCM/abs and 1 ml TFA@aling to
the general procedure yieldir&y35 (15 mg, 30 %) as white foam-like solitH-NMR
(CDs0D) & (ppm): 7.00 (s, 1H, Thiaz-¥), 3.36 (1,2 = 6.9 Hz, 2H, ©.NH), 2.77 (t,3J
= 7.5 Hz, 2H, Thiaz-5-85), 2.46 (1,3 = 7.4 Hz, 2H, CO€), 1.95 (m, 2H, Thiaz-5-
CH,CH,), 1.30 (m, 30H, (E)is), 0.89 (t,%] = 6.9 Hz, 3H, CHCH3); “*C-NMR
(CD30OD) 6 (ppm): 177.40 (quatC=0), 154.34 (quatC=NH), 126.36 (quat. Thiaz-6),
123.71 (+, Thiaz-42H), 41.50 (-,CH,NH), 37.80 (-, C@H,), 33.12 (-,CH,CH,CHy),
30.81 (-,CHy), 30.74 (-,CH,), 30.60 (-,CHy), 30.52 (-,CH,), 30.40 (-,CH,), 30.04 (-,
CHy), 29.54 (-, Thiaz-5-CkCHy), 25.48 (-, COCHKICH,), 24.90 (-, Thiaz-82H,), 23.78 (-
, CH,CHs), 14.48 (+, CHCHs); HREIMS: mVz for ([Co6H4oNsOS]™) calcd. 479.3658,

85



Chapter 3

found 479.3655; prep HPLC: MeCN/0.1 % TFA/aq (46/@030); anal. HPLC: k'= 7.80
(tr = 23.53 min, column B), purity = 93 %»140NsOS- 2TFA (707.81).

1-[3-(2-Aminothiazol-5-yl)propyl]-2-(4-phenylbutanoyl)guanidine (3.36)

Prepared fron8.36a(180 mg, 0.33 mmol) in 5 ml DCM/abs and 1 ml TF&arding to
the general procedure yieldirdy36 (160 mg, 85 %) as yellow oitH-NMR (CDsOD) &
(ppm): 7.22 (m, 5H, AH), 7.01 (s, 1H, Thiaz-4#), 3.36 (t,*J = 7.35 Hz, 2H, El,NH),
2.76 (,3) = 7.4 Hz, 2H, Thiaz-5-B,), 2.67 (1,23 = 7.7 Hz, 2H, CO€l,), 2.48 (t3)= 7.4
Hz, 2H, H»-Ar), 1.96 (m, 4H, Thiaz-5-CkCH,, COCHCH>); *C-NMR (CD;OD) &
(ppm): 175.07 (quaC=0), 166.27 (quat. Thiaz-2), 142.57 (quat. AE), 129.59 (+, 2
Ar-CH), 129.50 (+, 2 ArcH), 127.16 (+, Ar€H), 126.23 (quat. Thiaz-&), 123.36 (+,
Thiaz-4-CH), 41.49 (-,CH,NH), 37.12 (-, C@H,), 35.90 (-, ArCH,), 29.49 (-, Thiaz-5-
CH,CHy), 27.13 (-, COCHKHCH,), 24.89 (-, Thiaz-3Hy); HREIMS: n/z for
([C17H23Ns0ST™) caled. 345.1623, found 345.1624; prep HPLC: MeLNRo TFA/aq
(20/80-50/50); anal. HPLC: k'= 2.95g(& 9.60 min, column B), purity = 99 %,;
C17H23Ns0S - 2TFA (573.5).

1-[3-(2-Aminothiazol-5-yl)propyl]-2-(5-phenylpentaroyl)guanidine (3.37)

Prepared fron8.37a(100 mg, 0.18 mmol) in 5 ml DCM/abs and 1 ml TRé&arding to
the general procedure yieldir&37 (40 mg, 38 %) as yellow oitH-NMR (CDs;OD) &
(ppm): 7.22 (m, 2H, AH), 7.14 (m, 2H, AH), 7.01 (s, 1H, Thiaz-#), 3.35 (1,21 = 6.9
Hz, 2H, GH,NH), 2.76 (1% = 7.6 Hz, 2H, Thiaz-5-8,), 2.63 (m, 2H, €,Ar), 2.48 (m,
2H, COMH,) 1.95 (m, 2H, Thiaz-5-C4CH,), 1.68 (m, 4H, COCHKCH,, CH,CH,AT);
13C-NMR (CD;0OD) & (ppm): 177.26 (quaC=0), 143.31 (quat. AE), 129.45 (+, ArC),
129.38 (+, ArC), 126.87 (+, Ar€), 41.48 (-,CH.NH), 37.58 (-, ArCH.), 36.47 (-,
COCHy), 31.84 (-, Ar-CHCH,), 29.50 (-,Thiaz-5-CkCHy), 25.00 (-, COCHKICH,), 24.92
(-, Thiaz-5CH,); HREIMS: vz for ([C1gH25NsOST™) caled. 359.1780, found 359.1781;
prep HPLC: MeCN/0.1 % TFA/aq (20/80-50/50); anaPLi€: k'= 3.28 (¢ = 11.44 min,
column B), purity = 100 %; {sH2sNsOS- 2TFA (587.53).

1-[3-(2-Aminothiazol-5-yl)propyl]-2-(2-cyclohexyl-2phenylacetyl)guanidine (3.38)

Prepared fron8.38a(210 mg, 0.35 mmol) in 5 ml DCM/abs and 1 ml TRé&arding to
the general procedure yieldir8g38 (150 mg, 68 %) as brown ofiH-NMR (CDsOD) §
(ppm): 7.37-7.26 (m, 5H, AH), 6.99 (s, 1H, Thiaz-44), 3.38 (m, 1H, E(Ar)cHex),
3.31 (m, 2H, ®,NH), 2.73 (t,°J = 7.7 Hz, 2H, Thiaz-5-85), 2.13 (m, 1H, cHexX),
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1.92 (m, 2H, Thiaz-5-C$CH,), 1.85-1.60 (m, 4H, cHex4d), 1.41-1.10 (m, 6H, cHex-
H); **C-NMR (CD;OD) & (ppm): 177.74 (quaC=0), 171.80 (quat. Thiaz-€), 155.24
(quat.C=NH), 138.14 (quat. AE), 129.84 (+, Ar€), 129.74 (+, Ar€), 128.92 (+, Ar-
C), 126.33 (quat. Thiaz-&), 123.27 (+, Thiaz-42H), 61.35 (+,CH(Ar)cHex), 41.82 (+,
cHex<C), 41.55 (-,CH,NH), 32.97 (-, cHext), 31.20 (-, cHexE), 29.39 (-, Thiaz-5-
CH,CHy), 27.35 (-, cHexe), 27.07 (-, cHexe), 27.00 (-, cHexe), 24.88 (-, Thiaz-5-
CH,); HREIMS: m/z for ([C21H29NsOS]™) calcd. 399.2093, found 399.2096; prep HPLC:
MeCN/0.1 % TFA/aq (30/70-60/40); anal. HPLC: k’93B.(& = 13.31 min, column B),
purity = 100 %; G;H290NsOS- 2TFA (627.59).

1-[3-(2-Aminothiazol-5-yl)propyl]-2-(2-methyl-3-phenylpropanoyl)guanidine (3.39)
Prepared fron8.39a(90 mg, 0.16 mmol) in 5 ml DCM/abs and 1 ml TFA@aling to
the general procedure yieldir&39 (20 mg, 22 %) as yellow oitH-NMR (CD;OD) &
(ppm): 7.30-7.14 (m, 5H, AH), 6.99 (s, 1H, Thiaz-#), 3.33 (t,°J = 6.9 Hz, 2H,
CHoNH), 2.99 (dd,2) = 12.7 Hz,% = 7.6 Hz, 1H, Ar-GIHCH), 2.89 (m, 1H,
COCH(CH5)CHy), 2.72 (m, 3H, Thiaz-5-8,, Ar-CHHCH), 1.92 (m, 2H, Thiaz-5-
CH,CH)), 1.18 (d,*J = 6.6 Hz, 3H, CHEl3); **C-NMR (CD;OD) & (ppm): 180.27 (quat.
C=0), 155.13 (quatC=NH), 140.02 (quat. A€), 130.14 (+, Ar€), 129.54 (+, Arc),
127.68 (+, Ar€), 126.33 (quat. Thiaz-8), 123.38 (+, Thiaz-4sH), 45.02 (+,
COCHCHs), 41.46 (-,CH.NH), 40.63 (-, ArCH,), 29.44 (-, Thiaz-5-CbCH,), 24.88 (-,
Thiaz-5CH,), 17.04 (+, CKH3); HREIMS: m/z for ([C17/H23NsOST™) calcd. 345.1623,
found 345.1625; prep HPLC: MeCN/0.1 % TFA/aq (2088050); anal. HPLC: k'=2.73
(tr = 9.98 min, column B), purity = 99 %;&1,3Ns0S - 2TFA (573.5).

1-[3-(2-Aminothiazol-5-yl)propyl]-2-(2-benzylbutanoyl)guanidine (3.40)

Prepared fron8.40a(35 mg, 0.06 mmol) in 5 ml DCM/abs and 1 ml TFA@aling to
the general procedure yieldir&40 (27 mg, 77 %) as white foam-like solitH-NMR

(CDsOD) & (ppm): 7.22 (m, 5H, AH), 7.12 (s, 1H, Thiaz-#), 3.48 (m, 2H, El,NH),

2.96 (m, 2H, Ar-®1,), 2.85 (t,°J = 7.4 Hz, 2H, Thiaz-5-85), 2.75 (m, 1H, CO8), 2.00
(m, 2H, Thiaz-5-CHCH,), 1.77-1.45 (m, 2H, B,CHs), 0.90 (t,%) = 7.4 Hz, 3H,
CH,CHs); **C-NMR (CD;OD) & (ppm): 180.02 (quatC=0), 155.53 (quatC=NH),

139.93 (quat. AC), 129.93 (+, Ar€), 129.15 (+, Ar€), 127.21 (+, Ar€), 125.29 (quat.
Thiaz-5C), 123.97 (+, Thiaz-£H), 51.03 (+, C@H), 40.89 (-,CH,NH), 38.66 (-, Ar-
CH,), 29.14 (-, Thiaz-5-CkCHy), 25.30 (-,CH,CHg), 24.56 (-, Thiaz-32H,), 11.83 (+,

87



Chapter 3

CHCHa); HREIMS: m/z for ([C1gH2sNsOST™) caled. 359.1780, found 359.1787; prep
HPLC: MeCN/0.1 % TFA/ag (20/80-50/50); anal. HPLKC= 3.07 (k = 10.89 min,
column B), purity = 100 %; {sH2sNsOS- 2TFA (587.53).

1-[3-(2-Aminothiazol-5-yl)propyl]-2-(3-p-tolylbutanoyl)guanidine (3.41)

Prepared fron8.41a(70 mg, 0.13 mmol) in 5 ml DCM/abs and 1 ml TFA@aling to
the general procedure yieldirdy41 (31 mg, 41 %) as yellow oitH-NMR (CDs;OD) &
(ppm): 7.120 (m, 4H, AH), 6.98 (s, 1H, Thiaz-#), 3.33 (m, 2H, E;NH), 3.23 (m, 1H,
CHCHjy), 2.73 (m, 4H, Thiaz-5-8,, COH),), 2.27 (s, 3H, Ar-El3), 1.91 (m, 2H, Thiaz-
5-CH,CH>), 1.28 (d,3J = 7.0 Hz, 3H, CHEl3); *C-NMR (CD;OD) & (ppm): 176.12
(quat.C=0), 171.83 (quat. Thiaz-2), 155.18 (quatC=NH), 143.31 (quat. AE), 137.27
(quat. ArC-CHs), 130.22 (+, Ar€H), 127.29 (+, Ar€H), 126.31 (quat, Thiaz-&),
123.33 (+, Thiaz-42H), 46.35 (-, C@H,), 41.41 (-,CH,NH), 37.37 (+,CHCHs), 29.43
(-, Thiaz-5-CHCH,), 24.83 (-, Thiaz-82H,), 22.33 (+, Ar-CE€H3), 21.07 (+, CKCH3);
HREIMS: mvz for ([CigH2sNsOS]™) calcd. 359.1780, found 359.1788; prep HPLC:
MeCN/0.1 % TFA/aq (20/80-50/50); anal. HPLC: k’448.(& = 11.09 min, column B),
purity = 99 %; GgH2sNsOS- 2TFA (587.53).

1-[3-(2-Aminothiazol-5-yl)propyl]-2-(4-hydroxyphenylpropanoyl)guanidine (3.42)
Prepared fron8.42a(100 mg, 0.18 mmol) in 5 ml DCM/abs and 1 ml TRé&arding to
the general procedure yieldir&42 (25 mg, 24 %) as white foam-like solitH-NMR
(CDsOD) & (ppm): 7.04 (d3J = 8.5 Hz, 2H, ArH), 6.99 (s, 1H, Thiaz-#), 6.69 (d>J =
8.5 Hz, 2H, ArH), 3.35 (1,3 = 6.9 Hz, 2H, EI,NH), 2.87 (1,3 = 7.1 Hz, Gi,-Ar), 2.73
(m, 4H, Thiaz-5-El,, COCH,), 1.94 (m, 2H, Thiaz-5-C#CH,); *C-NMR (CD;0D) &
(ppm): 176.65 (quatC=0), 157.05 (quat. AC-OH), 132.01 (quat. AE), 130.44 (+, 2
Ar-C), 123.46 (+, Thiaz-45), 116.32 (+, 2 A€), 41.47 (-,CH,NH), 39.99 (-, C@H,),
30.62 (-, ArCHy), 29.49 (-, Thiaz-5-CkCH,), 24.87 (-, Thiaz-32H,); HREIMS: m/z for
([C16H21N50,S]™) caled. 347.1416, found 347.1416; prep HPLC: MeNRb6 TFA/aq
(20/80-50/50); anal. HPLC: k'= 1.54r(t 6.80 min, column B), purity = 100 %;
Ci16H21N50,S - 2TFA (575.48).

1-[3-(2-Aminothiazol-5-yl)propyl]-2-(6-amino-3-pherylhexanoyl)guanidine (3.43)

Prepared fron8.43a(40 mg, 0.06 mmol) in 5 ml DCM/abs and 1 ml TFA@aling to
the general procedure yieldir&y40 (20 mg, 46 %) as yellow oitH-NMR (CD;OD) &
(ppm): 7.33-7.18 (m, 5H, AH), 6.98 (s, 1H, Thiaz-#), 3.28 (m, 2H, E,NH), 3.18
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(m, 1H, CHCH), 2.85 (m, 4H, CO8,, CH3NHy), 2.71 (1,3 = 7.4 Hz, 2H, Thiaz-5-
CHy), 1.90 (m, 2H, Thiaz-5-C¥CH,), 1.76 (m, 2H, E€,CH,CH,NH,), 1.50 (m, 2H,
CH,CH,NH,); *C-NMR (CD;0OD) & (ppm): 175.77 (quatCO), 169.64 (quat. Thiaz-2-
C), 155.15 (quatC=NH), 143.69 (quat. AE), 129.85 (+, 2 AI€), 128.82 (+, 2 AIC),
128.17 (+, Ar€), 126.29 (quat. Thiaz-&), 123.40 (+, Thiaz-4), 44.82 (-,CH:NH,),
42.88 (+, CHCH), 41.32 (-,CH,NH), 40.56 (-, C@H,), 33.82 (-,CH,CH,CH,NH,),
29.41 (-, Thiaz-5-ChCH,), 26.64 (-,CH,CH,NH,), 24.80 (-, Thiaz-8H.); HREIMS:
m/z for ([CigH26NsOS]™) calcd. 389.2118, found 389.2121; prep HPLC: MeTNRo
TFA/aq (10/90-35/65); anal. HPLC: k'= 1.04& & 5.46 min, column B), purity = 97 %;
Ci19H28NsOS - 2TFA (730.59).

1-[3-(2-Aminothiazol-5-yl)propyl]-2-(3-methyl-4-phenylbutanoyl)guanidine (3.44)
Prepared fron8.44a(60 mg, 0.10 mmol) in 5 ml DCM/abs and 1 ml TFA@aling to
the general procedure yieldiBg44 (50 mg, 85 %) as white amorphous sofid-NMR
(CD3OD) & (ppm): 7.25 (m, 5H, AH), 7.14 (s, 1H, Thiaz-#), 3.51 (m, 2H, El;NH),
2.88 (t,%) = 7.4 Hz, 2H, Thiaz-5-B,), 2.71 (dd,2) = 13.2 Hz,J = 5.8 Hz, 1H, Ar-
CHHCH), 2.51 (m, 2H, COBHCH, CHCHjy), 2.35 (m, 2H, Ar-CHICH, COCHHCH),
2.01 (m, 2H, Thiaz-5-CkCH5), 0.92 (dJ = 6.2 Hz, 3H, CHEl3); *C-NMR (CD;OD) &
(ppm): 176.89 (quatC=0), 155.38 (quatC=NH), 141.23 (quat. AE), 130.08 (+, ArE),
129.07 (+, Ar€), 126.88 (+, Ar€), 125.32 (quat. Thiaz-8), 123.75 (+, Thiaz-4£H),
44.10 (-, ArCH,), 43.46 (-, C@H,), 40.84 (-,CH,NH), 33.02 (+, GICHs), 29.09 (-,
Thiaz-5-CHCH,), 24.56 (-, Thiaz-82H,), 19.51 (+, CKCH3); HREIMS: m/z for
([C1gH25NsOST™) caled. 359.1780, found 359.1786; prep HPLC: MeLNRo TFA/aq
(20/80-50/50); anal. HPLC: k'= 3.10r(t 10.96 min, column B), purity = 99 %;
Ci1gH25Ns0S - 2TFA (587.53).

1[3-(2-Aminothiazol-5-yl)propyl]-2-[4-(3-methoxypheyl)-3-methylbutanoyl]-
guanidine (3.45)

Prepared fron8.45a(50 mg, 0.08 mmol) in 5 ml DCM/abs and 1 ml TFA@aling to
the general procedure yieldir&45 (27 mg, 55 %) as yellow oitH-NMR (CD;OD) &
(ppm): 7.16 (m, 1H, AH), 7.00 (s, 1H, Thiaz-#), 6.74 (m, 3H, AH), 3.75 (s, 3H,
OCHs3), 3.34 (t,3) = 7.0 Hz, 2H, EI,NH), 2.76 (t,% = 7.5 Hz, 2H, Thiaz-5-85), 2.65-
2.25 (m, 5H, COE@l,, Ar-CH,, CHCHs), 1.94 (m, 2H, Thiaz-5-C¥CH,), 0.97 (d,*J =
6.2 Hz, 3H, CHEl3); *C-NMR (CD;0OD) & (ppm): 176.78 (quaiC=0), 171.83 (quat.
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Thiaz-2C), 161.20 (quat. AEC(3)), 155.18 (quatC=NH), 142.95 (quat. Ar-I5)), 130.33
(+, Ar-5-C), 126.34 (quat, Thiaz-&), 123.33 (+, Thiaz-43H), 122.74 (+, Ar-6£),
115.95 (+, Ar-2€), 112.68 (+, Ar-4€), 55.59 (+, @Hs), 44.55 (-, ArCH,), 43.99 (-,
COCH,), 41.45 (-,CH,;NH), 33.32 (+, GiCHy), 29.47 (-, Thiaz-5-CkCH,), 24.89 (-,
Thiaz-5CH,), 20.10 (+, CKCH3); HREIMS: mVz for ([C10H27/Ns0.S]"™) calcd. 389.1885,
found 389.1886; prep HPLC: MeCN/0.1 % TFA/aq (2088050); anal. HPLC: k'= 3.15
(tr = 11.09 min, column B), purity = 99 %3&,7Ns0,S - 2TFA (617.55).

1-[3-(2-Aminothiazol-5-yl)propyl]-2-[4-(4-methoxyphenyl)-3-methylbutanoyl]-
guanidine (3.46)

Prepared fron8.46a (60 mg, 0.10 mmol) in 5 ml DCM/abs and 1 ml TFA@aling to
the general procedure yieldir&y46 (49 mg, 79 %) as yellow oitH-NMR (CD;OD) &
(ppm): 7.07 (d3J = 8.6 Hz, 2H, ArH), 7.00 (s, 1H, Thiaz-#), 6.80 (d.>J = 8.6 Hz, 2H,
Ar-H), 3.74 (s, 3H, O83), 3.33 (m, 2H, E,NH), 2.75 (t,) = 7.5 Hz, 2H, Thiaz-5-
CHj), 2.57-2.21 (m, 5H, CO&,, Ar-CH,, CHCHjg), 1.93 (m, 2H, Thiaz-5-C}CH,),
0.96 (d,3J = 6.2 Hz, 3H, CHEl5); “*C-NMR (CD;0D) & (ppm): 176.90 (quatC=0),
171.85 (quat. Thiaz-2), 159.65 (quat. Ar-4£), 155.21 (quatC=NH), 133.29 (quat. Ar-
1-C), 131.36 (+, Ar€), 126.32 (quat. Thiaz-6), 123.31 (+, Thiaz-42H), 114.74 (+, Ar-
C), 55.69 (+, @HS3), 44.57 (-, ArCH,), 43.16 (-, C@H,), 41.43 (-,CH2NH), 33.64 (+,
CHCHg), 29.46 (-, Thiaz-5-CkCH)), 24.89 (-, Thiaz-3zH,), 20.14 (+, CHKCHy);
HREIMS: m/z for ([C1gH27/Ns0,S]™) calcd. 389.1885, found 389.1887; prep HPLC:
MeCN/0.1 % TFA/aq (20/80-50/50); anal. HPLC: k'4B.(& = 10.99 min, column B),
purity = 100 %; GoH27Ns0,S - 2TFA (617.55).

1-[3-(2-Aminothiazol-5-yl)propyl]-2-(2-cyclohexylaetyl)guanidine (3.47)

Prepared fron8.47a(70 mg, 0.13 mmol) in 5 ml DCM/abs and 1 ml TFA@aling to
the general procedure yieldiBgd7 (43 mg, 60 %) as colorless oiH-NMR (CDsOD) &
(ppm): 7.01 (s, 1H, Thiaz-#), 3.37 (t,J = 6.9 Hz, 2H, EI,NH), 2.77 (,3J = 7.5 Hz,
2H, Thiaz-5-®1), 2.33 (d,*J = 6.9 Hz, 2H, CO€l,), 1.96 (m, 2H, Thiaz-5-CsCH>),
1.82-1.63 (m, 6H, cHex48), 1.27 (m, 3H, cHex-B), 1.04 (m, 2H, cHex-B); **C-
NMR (CDsOD) & (ppm): 176.66 (quatC=0), 155,63 (quatC=NH), 126.16 (quat. Thiaz-
5-C), 123.43 (+, Thiaz-45H), 45.53 (-, C@H,), 41.52 (-,CH,NH), 36.02 (+, cHexG),
33.92 (-, cHexc), 29.50 (-, Thiaz-5-CkCHy), 27.18 (-, cHexE), 27.14 (-, cHexe),
24.90 (-, Thiaz-32H,); HREIMS: mvz for ([C1sH2sNsOS]™) calcd. 323.1780, found
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323.1786; prep HPLC: MeCN/0.1 % TFA/aq (20/80-50/%Mhal. HPLC: k'= 2.79 §t=
10.13 min, column B), purity = 100 %341,5Ns0S- 2TFA (551.5).

1-[3-(2-Aminothiazol-5-yl)propyl]-2-(3-cyclohexylpropanoyl)guanidine (3.48)
Prepared fron8.48a(90 mg, 0.17 mmol) in 5 ml DCM/abs and 1 ml TFA@aling to
the general procedure yieldig48 (38 mg, 40 %) as colorless oiH-NMR (CDsOD) &
(ppm): 7.00 (s, 1H, Thiaz-#), 3.37 (t,J = 6.9 Hz, 2H, EI,NH), 2.77 (t,3) = 7.7 Hz,
2H, Thiaz-5-®,), 2.48 (t,°J = 7.7 Hz, 2H, COE>) 1.95 (m, 2H, Thiaz-5-CHCH,),
1.78-1.63 (m, 5H, cHex4d,, cHex-(H), 1.55 (m, 2H, @ ,-cHex), 1.25 (m, 4H, cHex-
CH,); ®*C-NMR (CD;OD) & (ppm): 177.57 (quatC=0), 158,35 (quat. Thiaz-2),
126.40 (quat. Thiaz-&), 123.82 (+, Thiaz-4£H), 41.55 (-,CH,NH), 38.42 (-, C@CH,),
35.49 (-, COCHCHy), 34.14 (-, cHexe), 32.87 (+, cHext), 29.56 (-, Thiaz-5-CkCH,),
27.62 (-, cHexe), 27.35 (-, cHexc), 24.90 (-, Thiaz-%2H;); HREIMS: m/z for
([C16H27NsOST™) caled. 337.1935, found 337.1936; prep HPLC: MeLNRo TFA/aq
(20/80-50/50); anal. HPLC: k'= 3.34gr(E 11.60 min, column B), purity = 99 %;
C16H27Ns0S - 2TFA (565.52).

1-[3-(2-Aminothiazol-5-yl)propyl]-2-(4-cyclohexylbuanoyl)guanidine (3.49)
Prepared fron8.49a(170 mg, 0.31 mmol) in 5 ml DCM/abs and 1 ml TRé&arding to
the general procedure yieldir8349 (150 mg, 83 %) as brown ofiH-NMR (CDs;OD) §
(ppm): 7.01 (s, 1H, Thiaz-#h), 3.37 (% = 6.9 Hz, 2H, @,NH), 2.77 (t,) = 7.6 Hz,
2H, Thiaz-5-®,), 2.44 (t,°) = 7.4 Hz, 2H, COE>) 1.96 (m, 2H, Thiaz-5-CHCH,),
1.78-1.60 (m, 7H, cHei), 1.40 (m, 4H, E,CH,-cHex, cHexH), 1.23 (m, 4H, El.-
cHex, cHexH); *C-NMR (CD;0D) & (ppm): 177.36 (quaC=0), 155,15 (quaiC=NH),
126.37 (quat. Thiaz-&), 123.29 (+, Thiaz-£H), 41.51 (-,CH,NH), 38.73 (-, C@H,),
38.06 (-,CHx-cHex), 37.83 (+, cHexz), 34.41 (-, cHexe), 29.48 (-, Thiaz-5-CkCH>),
27.77 (-, cHexe), 27.46 (-, cHexe), 24.89 (-, Thiaz-32H,), 22.88 (-, COCHKCH,);
HREIMS: mvz for ([Ci7H2oNsOS]™) calcd. 351.2093, found 351.2088; prep HPLC:
MeCN/0.1 % TFA/aq (20/80-50/50); anal. HPLC: k'68.(& = 12.46 min, column B),
purity = 100 %; G/H2oNsOS- 2TFA (579.55).

1-[3-(2-Aminothiazol-5-yl)propyl]-2-(3-cyclohexyl-5methylhexanoyl)guanidine
(3.50)

Prepared fron8.50a(60 mg, 0.10 mmol) in 5 ml DCM/abs and 1 ml TFA@aling to
the general procedure yieldi8g50 (30 mg, 48 %) as white amorphous sofid-NMR
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(CDs0D) & (ppm): 7.00 (s, 1H, Thiaz-¥), 3.37 (1,3 = 7.0 Hz, 2H, ©.NH), 2.76 (t,3J
= 7.4 Hz, 2H, Thiaz-5-8,), 2.49 (dd2J = 15.6 Hz,2J = 7.0 Hz, 1H, COEIHCH), 2.29
(dd, 2 = 15.6 Hz,3J = 7.0 Hz, 1H, COCHCH), 1.96 (m, 3H, Thiaz-5-C}€H,
CH(CHg)), 1.81-1.50 (m, 6H, cHekt, CH-cHex), 1.43-1.14 (m, 6H, cHe{), 1.06 (m,
2H, CH,CH(CHs)z), 0.89 (d,®J = 3.1 Hz, 3H, CHE3), 0.87 (d,%J = 3.1 Hz, 3H,
CHCH5); *C-NMR (CD;OD) & (ppm): 177.68 (quatC=0), 171.79 (quat. Thiaz-2),
(quat. C=NH), 126.34 (quat. Thiaz-6), 123.66 (+, Thiaz-£H), 42.02 (+CH-cHex),
41.81 (-,CH,CH(CHg)y), 41.50 (-,CH,NH), 40.26 (-, C@H,), 38.84 (+, cHexz), 30.98
(-, cHexL), 30.11 (-, cHexE), 29.54 (-, Thiaz-5-CbkCH,), 27.97 (-, cHexE), 27.91 (-,
cHex<C), 27.83 (-, cHext), 26.69 (+,CH(CHy)), 24.87 (-, Thiaz-32H,), 23.35 (+,
CHCHa), 22.98 (+, CKH3); HREIMS: mVz for ([CooH3sNsOST™) caled. 393.2562, found
393.2563; prep HPLC: MeCN/0.1 % TFA/aq (20/80-50/%Mal. HPLC: k'= 4.77 §t=
15.44 min, column B), purity = 99 %;§H3sNsOS - 2TFA (621.63).

1-[3-(2-Aminothiazol-5-yl)propyl]-2-(4-cyclohexyl-3methylbutanoyl)guanidine

(3.51)

Prepared fron8.51a(40 mg, 0.07 mmol) in 5 ml DCM/abs and 1 ml TFA@aling to
the general procedure yieldirg51 (15 mg, 25 %) as white foam-like solitH-NMR
(CD30D) & (ppm): 7.00 (s, 1H, Thiaz-¥), 3.36 (1,3 = 6.9 Hz, 2H, ©.NH), 2.76 (t,3J
= 7.5 Hz, 2H, Thiaz-5-85), 2.44 (dd2J) = 14.7 Hz,2J = 8.1 Hz, 1H, COBHCH), 2.22
(dd, 2) = 14.7 Hz,*J = 8.1 Hz, 1H, COCHCH), 2.11 (m, 1H, EICHs), 1.95 (m, 2H,
Thiaz-5-CHCH;), 1.78-1.61 (m, 6H, cHel), 1.38-1.04 (m, 7H, cHek, cHex(H)),
0.93 (d,%J = 6.4 Hz, 3H, CHEl3); *C-NMR (CD;0D) & (ppm): 176.95 (quatC=0),
171.61 (quat. Thiaz-Z), 155.28 (quatC=NH), 126.35 (quat. Thiaz-&), 123.65 (+,
Thiaz-4-CH), 45.80 (-,CH,-cHex), 45.58 (-, COH,), 41.51 (-,CH,NH), 36.10 (+, cHex-
CH), 35.12 (-, cHexzHy), 34.14 (-, cHexzHy), 29.52 (-, Thiaz-5-CkCHy), 28.30 (+,
CHCHg), 27.78 (-, cHexeHy), 27.48 (-, cHexeHy), 27.40 (-, cHexeHy), 24.89 (-,
Thiaz-5CH,), 20.07 (+, CKH3); HREIMS: m/z for ([C1gH3:NsOST™) calcd. 365.2249,
found 365.2247; prep HPLC: MeCN/0.1 % TFA/aq (2551850); anal. HPLC: k'=4.15
(tr = 13.78 min, column B), purity = 99 %;413:Ns0OS- 2TFA (593.58).

1-[3-(2-Aminothiazol-5-yl)propyl]-2-[3-(cyclohexylmethyl)pentanoyl]guanidine
(3.52)
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Prepared fron8.52a (50 mg, 0.09 mmol) in 5 ml DCM/abs and 1 ml TFA@aing to
the general procedure yieldirgg52 (25 mg, 46 %) as brown oitH-NMR (CDsOD) &
(ppm): 6.98 (s, 1H, Thiaz-#h), 3.35 (t,% = 6.9 Hz, 2H, @,NH), 2.74 (1,3 = 7.5 Hz,
2H, Thiaz-5-®,), 2.35 m, 2H, CO#8,), 1.95 (m, 3H, Thiaz-5-C#CH,, CHCH,CH),
1.76-1.57 (m, 5H, cHel), 1.43-1.03 (m, 10H, cHel, CH,-cHex, (H,CHj3), 0.89 (d,
%) = 7.4 Hz, 3H, CHEl5); C-NMR (CD;0OD) & (ppm): 177.31 (quatC=0), 171.79
(quat. Thiaz-22), 155.29 (quatC=NH), 126.32 (quat. Thiaz-6), 123.40 (+, Thiaz-4-
CH), 42.64 (-,CH,-cHex, CGCH,), 41.45 (-,CH,NH), 36.13(+,CHCH,CH,), 34.78 (-,
cHexC), 34.68 (-, cHexe), 34.25 (+, cHexz), 29.49 (-, Thiaz-5-CkCHy,), 27.75 (-,
CH,CHs), 27.53 (-, cHexG), 27.44 (-, cHexe), 24.86 (-, Thiaz-32H,), 10.90 (+,
CH,CHa); HREIMS: mVz for ([C1oH33NsOST™) calcd. 379.2406, found 379.2407; prep
HPLC: MeCN/0.1 % TFA/aq (25/75-50/50); anal. HPLC= 4.47 (k = 14.63 min,
column B), purity = 100 %; H33NsOS- 2TFA (607.6).

1-[3-(2-Aminothiazol-5-yl)propyl]-2-(6-aminohexanoy)guanidine (3.53)

Prepared fron8.53a(400 mg, 0.65 mmol) in 5 ml DCM/abs and 1 ml TF&arding to
the general procedure yieldirdg53 (350 mg, 82 %) as brown ofH-NMR (CDs;OD) &
(ppm): 7.01 (s, 1H, Thiaz-#), 3.36 (t,J = 6.9 Hz, 2H, EI,NH), 2.92 (t,%) = 7.6 Hz,
2H, CHoNHy), 2.77 (£33 = 7.5 Hz, 2H, Thiaz-5-8,), 2.52 (t,°J = 7.4 Hz, 2H, CO@l,),
1.95 (m, 2H, Thiaz-5-CCH,), 1.64 (m, 4H, COCKCH,, CH,CH,;NH,), 1.46 (m, 2H,
COCH,CH,CH>); *C-NMR (CD;0OD) & (ppm): 177.28 (quaC=0), 126.34 (quat. Thiaz-
5-C), 123.31 (+, Thiaz-4H), 41.43 (-,CH,NH), 40.51 (-,CH,NHy), 37.33 (-, C@H)),
29.49 (-, Thiaz-5-Ch{CH,), 28.25 (-,CH,CH,NH,), 26.73 (-, COCHCH,CH,), 24.88 (-,
Thiaz-5CH,), 24.75 (-, COCHKCH,); HREIMS: m/z for ([CiaH.4NgOS]™") calcd.
312.1732, found 312.1726; prep HPLC: MeCN/0.1 % 7E€A(10/90-50/50); anal.
HPLC: k'=0.28 (& = 3.42 min, column B), purity = 98 %;£,4NcOS- 3TFA (654.49).

1-[3-(2-Aminothiazol-5-yl)propyl]-2-(11-aminoundecanoyl)guanidine (3.54)
Prepared fron8.54a(80 mg, 0.12 mmol) in 5 ml DCM/abs and 1 ml TFA@aling to
the general procedure yieldiBgs4 (40 mg, 46 %) as colorless diH-NMR (CD;OD) &
(ppm): 7.00 (s, 1H, Thiaz-#), 3.36 (t,J = 6.9 Hz, 2H, EI,NH), 2.90 (t,3J = 7.9 Hz,
2H, CH2NH,), 2.76 (1) = 7.7 Hz, 2H, Thiaz-5-8,), 2.46 (t,°J = 7.41 Hz, 2H, CO8.,),
1.90 (m, 2H, Thiaz-5-CyCH>), 1.64 (m, 4H, COCKCH,, CH,CH;NH,), 1.32 (m, 12H,
(CH»)e); *C-NMR (CD;OD) & (ppm): 177.47 (quatC=0), 171,85 (quat. Thiaz-2),
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155.38 (quat.C=NH), 126.33 (quat. Thiaz-6), 123.32 (+, Thiaz-4£H), 41.44 (-,
CH,NH), 40.77 (-,CH.,NH,), 37.77 (-, C@H,), 30.44 (-,CH,CH;NH>), 30.33 (-,CH,),
30.21 (-,CH,), 30.01 (-,CHy), 29.47 (-, Thiaz-5-CKCH,), 28.60 (-, COCHCH,CH,),
27.46 (-, CH,CH,CH,NH,), 25.49 (-, COChHCH,), 24.98 (-, Thiaz-32H,); HREIMS:
m/z for ([C1gH34NsOS]") calcd. 382.2515, found 382.2514; prep HPLC: MeLNRb
TFA/aq (10/90-50/50); anal. HPLC: k'= 1.83 & 7.56 min, column B), purity = 100 %;
Ci18H34N6OS - 3TFA (724.63).

S-6-{3-[3-(2-aminothiazol-5-yl)propyl]guanidin-2-y[}-6-oxohexyl ethanethioate (3.55)
Prepared fron8.55a(250 mg, 0.44 mmol) in 5 ml DCM/abs and 1 ml TRé&arding to
the general procedure yieldig55 (220 mg, 83 %) as white foam-like solftH-NMR
(CDsOD) & (ppm): 7.01 (s, 1H, Thiaz-4), 3.37 (t,°J = 6.9 Hz, 2H, E,NH), 2.87 (t,%J
= 7.2 Hz, 2H, SE,), 2.77 (t,°J = 7.2 Hz, 2H, Thiaz-5-85), 2.47 (t,% = 7.3 Hz, 2H,
COCH,), 2.30 (s, 3H, COH3), 1.95 (m, 2H, Thiaz-5-C}CH,), 1.69 (m, 2H, SCKCH)),
1.58 (m, 2H, COCHKCH,), 1.46 (m, 2H, COCHKCH,); **C-NMR (CD;0OD) & (ppm):
177.15 (quatC=0), 126.38 (quat. Thiaz-6), 123.53 (+, Thiaz-£), 41.51 (-,CH>NH),
37.53 (-, C@&H,), 30.52 (+, C@Hs3), 30.47 (-, €Hy), 29.57 (-, Thiaz-5-CHCH,),
28.98 (-, SCHCH,), 24.90 (-, COCKCH,, SCHCH,CHy,), 24.84 (-, Thiaz-32H,); ES-
MS (DCM/MeOH + NHOAC) m/z (%): 206.9 ((M+2H3}*+MeCN, 100), 372 (MH, 50);
HRLSIMS: m/z for ([C1sH25N50.S, + H]) caled. 372.1522, found 372.1523; prep HPLC:
MeCN/0.1 % TFA/aq (20/80-50/50); anal. HPLC: k4&.(k = 9.30 min, column B),
purity = 98 %; GsH2sNs0,S, - 2TFA (599.56).

3-(2-Amino-4-methylthiazol-5-yl)propylguanidine (364)

Prepared fron3.17 (80 mg, 0.19 mmol) in 5 ml DCM/abs and 1 ml TFA@aling to the
general procedure yielding.65 (56 mg, 67 %) as colorless otH-NMR (CDs;OD) §
(ppm): 3.21 (t2J = 6.8 Hz, 2H, ®I.NH), 2.68 (t,°J = 7.6 Hz, 2H, Thiaz-5-85), 2.17 (s,
3H, Thiaz-4-G3), 1.83 (m, 2H, Thiaz-5-C¥CH,); *C-NMR (CD;OD) & (ppm): 177.47
(quat.C=0), 170.39 (quat. Thiaz-2), 155.39 (quatC=NH), 132.61 (quat. Thiaz-@),
118.43 (quat. Thiaz-8), 41.61 (-,CH,NH), 29.74 (-, Thiaz-5-CkCH,), 23.84 (-, Thiaz-
5-CH,), 11.45 (+, Thiaz-45H3); HREIMS: m/z for ([CsH1sNsS]™) caled. 213.1048, found
213.1048; prep HPLC: MeCN/0.1 % TFA/aq (20/80-50/%hal. HPLC: k'= 0.27 §t=
3.41 min, column B), purity = 95 %;s815NsS - 2TFA (441.34).

3-(2-Aminothiazol-5-yl)propylguanidine (3.65)
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Prepared fron3.18(90 mg, 0.22 mmol) in 5 ml DCM/abs and 1 ml TFA@ling to the
general procedure yieldir8)65(70 mg, 75 %) as yellow oitH-NMR (CDsOD) & (ppm):
6.98 (s, 1H, Thiaz-#), 3.24 (1,3 = 7.5 Hz, 2H, E,NH), 2.73 (t,°J = 7.4 Hz, 2H,
Thiaz-5-CH5,), 1.88 (m, 2H, Thiaz-5-C}¥H,); **C-NMR (CD;0D) & (ppm): 177.47
(quat.C=0), 170.72 (quat. Thiaz-2), 155.38 (quatC=NH), 126.49 (quat. Thiaz-6),
123.14 (+, Thiaz-4zH), 41.36 (-,CH,NH), 30.30 (-, Thiaz-5-CkCHy), 24.79 (-, Thiaz-
5-CH,); HREIMS: m/z for ([C7H13NsST™) calcd. 199.0892, found 199.0892; prep HPLC:
MeCN/0.1 % TFA/aq (20/80-50/50); anal. HPLC: k'2D.(k = 3.40 min, column B),
purity = 100 %; GH13NsS - 2TFA (427.32).

1-[3-(2-Aminothiazol-5-yl)propyl]-2-(6-sulfanylhexanoyl)guanidine (3.56)

1 N NaOH (1 ml) was added to a solution3d5 (200 mg, 0.33 mmol) in MeCN (2 ml)
and the mixture was stirred for 30 min. After naliation with 1 N HCI the solvent was
removed under reduced pressure and the produdtepuwith preparative RP-HPLC to
give 3.56 (49 mg, 27 %) as white foam-like solitH-NMR (CDsOD) & (ppm): 7.00 (s,
1H, Thiaz-4H), 3.37 (t,°J = 7.0 Hz, 2H, ®,NH), 2.76 (t,°J = 7.5 Hz, 2H, Thiaz-5-
CH,), 2.69 (t,J = 7.1 Hz, 2H, SH),), 2.49 (1) = 7.3 Hz, 2H, COE,), 1.96 (m, 2H,
Thiaz-5-CHCH,), 1.79-1.60 (m, 4H, SCiEH,, COCHCH,), 1.46 (m, 4H, El,); *C-
NMR (CDs0OD) 6 (ppm): 177.23 (quatC=0), 171.77 (quat. Thiaz-2), 155.32 (quat.
C=NH), 126.36 (quat. Thiaz-6), 123.51 (+, Thiaz-4£), 41.49 (-,CH,NH), 39.25 (-,
SCH,), 37.98 (-, C@Hy), 29.77 (-, SCHCH,), 29.48 (-, Thiaz-5-CHCH,), 28.67 (-,
SCH,CH,CH,), 24.99 (-, COCKCH,), 24.89 (-, Thiaz-32H,); HRLSIMS: m/z for
([C13H23Ns0S, + H]Y) calcd. 330.1422, found 330.1422; prep HPLC: MELN/%
TFA/aq (20/80-50/50); anal. HPLC: k'= 2.1% & 8.49 min, column B), purity = 97 %;
Ci13H23Ns0S, - 2TFA (557.52).

General procedure for the preparation of compounds.57, 3.59, 3.62 and 3.63

NEt; (3 eq) was added to a solution381, 3.530r 3.71° (1 eq) in MeCN. Subsequently,
a solution of succinimidyl 4-F-benzoate or propiené).8 eq), respectively, in MeCN
was added and stirred for 4-5 h at room temperafline solvent was removed under

reduced pressure and the product purified by patparRP-HPLC.

1-[3-(2-Aminothiazol-5-yl)propyl]-2-[6-(4-fluorobenzoylamino)-3-phenyl hexanoyl]-
guanidine (3.57)
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The title compound was prepared frad8i71° (23 mg, 31 pmol) in 1.5 ml MeCN,
succinimidyl 4-F-benzoate (6 mg, 25 pumol) in 0.5M8CN and NEf (13 pl, 93 pmol)
according to the general procedure yieldh§7 (25 mg, 75 %) as pale yellow ofH-
NMR (CDsOD) & (ppm): 7.81 (m, 2H, AH), 7.22 (m, 7H, AH), 3.33 (m, 2H, E,NH),
3.26 (m, 2H, E1,NHCO), 3.19 (m, 1H, CkCH), 2.82 (m, 2H, COH,), 2.65 (m, 2H,
Thiaz-5-CH,), 2.14 (s, 3H, Thiaz-4483), 1.89-1.70 (m, 4H, Thiaz-5-G8H,,
CH,CH,CHNH), 1.48 (m, 2H, E&,CH,CH,NH); **C-NMR (CD;OD) & (ppm): 175.96
(quat.C=0), 170.48 (quat. Thiaz-2), 169.06 (quatC=0), 155.09 (quatC=NH), 144.37
(quat. ArC), 132.58 (quat. A€), 130.89 (+,ArC), 130.77 (+, Ar€), 129.72 (+, ArC),
128.76 (+, ArC), 127.93 (+, Ar€), 118.38 (quat. Thiaz-&), 116.51 (+, Ar€), 116.22
(+, Ar-C), 45.06 (+, CHCH), 42.93 (-, CH,NHCO), 41.52 (-, CQH,), 40.56 (-,
CHyNH), 34.40 (-, CH,CH,CH;NHy), 29.63 (-, Thiaz-5-CkCH,), 28.38 (-,
CH,CH:NHy), 23.53 (-, Thiaz-82H,), 11.45 (+,Thiaz-4zH3); HREIMS: m/z for
([C27H33FNgO2ST™) caled. 524.2370, found 524.2376; prep HPLC: MeLNEo TFA/aq
(20/80-50/50); anal. HPLC: k'= 3.49x(t 12.02 min, column B), purity = 99 %;
Co7H33FNgO.S - 2TFA (752.68).

1-[3-(2-Amino-4-methylthiazol-5-yl)propyl]-2-[11-(propionylamino)undecanoyl]-
guanidine (3.59)

The title compound was prepared fré81 (23 mg, 31 umol) in 1.5 ml MeCN, NHS-
propionate (4.3 mg, 25 pmol) in 0.5 ml MeCN and NES pul, 93 umol) according to
the general procedure yieldir&59 (10 mg, 75 %) as yellow oitH-NMR (CDs;OD) &
(ppm): 3.36 (M, 2H, B,NH), 3.14 (t,°J = 7. 1 Hz, 2H, E,NHCO), 2.71 (13 = 7.6 Hz,
2H, Thiaz-5-®,), 2.46 (1,3 = 7.4 Hz, 2H, COEl,), 2.18 (m, 5H, CO8,CHs, Thiaz-4-
CHj), 1.90 (m, 2H, Thiaz-5-C§CH,), 1.65 (m, 2H, COCKCH,), 1.48 (m, 2H,
CH,CHoNH), 1.31 (m, 12H, (€5)e), 1.11 (t,%) = 7.6 Hz, 2H, CHCH3); *C-NMR
(CDs0D) 6 (ppm): 177.38 (quatC=0), 170.40 (quat. Thiaz-2), 155.47 (quatC=NH),
132.71 (quat. Thiaz-@&), 118.46 (quat. Thiaz-&), 41.62 (-, CH,NH), 40.39 (-,
CH,NHCO), 37.79 (-, C@QH,), 30.60 (-,CH,CH,NHCO), 30.45 (-CH,CHg), 30.37 (-,
CHy), 30.34 (-, CH,), 30.27 (-, CHy), 30.00 (-, Thiaz-5-ChCH,), 27.98 (-,
CH,CH,CH;NH), 25.47 (-, COCKCH,), 23.61 (-, Thiaz-82H,), 11.49 (+, Thiaz-4zH3),
10.67 (+, CHCHs); HREIMS: mVz for ([C2:HaoNsO2S]™) calcd. 492.2933, found
492.2943; prep HPLC: MeCN/0.1 % TFA/aq (20/80-50/%Mal. HPLC: k= 3.19 #§t=
11.21 min, column B), purity = 98 %;&H40N6O.S - 2TFA (680.7).
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1-[3-(2-Aminothiazol-5-yl)propyl]-2-[6-(propionylamino)hexanoyl]guanidine (3.62)
The title compound was prepared fr@b3 (34 mg, 52 umol) in 1.5 ml MeCN, NHS-
propionate (7 mg, 42 pmol) in 0.5 ml MeCN and NE€ pl, 160 umol) according to the
general procedure yieldir®)62 (23 mg, 74 %) as yellow oitH-NMR (CDsOD) 6 (ppm):
7.01 (s, 1H, Thiaz-#), 3.37 (1,3 = 7.3 Hz, 2H, El,NH), 3.16 (m, 2H, E,NHCO),
2.79 (m, 2H, Thiaz-5-8,), 2.48 (t,% = 7.4 Hz, 2H, CO#l,), 2.18 (q,%J = 7.6 Hz, 2H,
COCH,CH3), 196 (m, 2H, Thiaz-5-C}CH;,), 1.65 (m, 4H, COCKCH,,
CH,CH,NHCO), 1.35 (m, 2H, COCHH,CH>), 1.11 (t,%) = 7.6 Hz, 3H, COChCH3);
13C-NMR (CD;0D) & (ppm): 177.15 (quaiC=0), 126.38 (quat. Thiaz-6), 123.47 (+,
Thiaz-4CH), 41.55 (-,CH;NH), 40.06 (-,CH,NHCO), 37.65 (-, CQH,), 30.27 (-,
CH,CH,NHCO), 30.12 (-, CH,CH3), 29.53 (-,Thiaz-5-CbkCH,), 27.27 (-,
COCH,CH,CHy), 25.02 (-, COCHKICH,), 24.92 (-, Thiaz-82H,), 10.63 (+, CHCHj3);
HREIMS: m/z for ([CieH2eNs02S]™) calcd. 368.1994, found 368.1993; prep HPLC:
MeCN/0.1 % TFA/aq (20/80-50/50); anal. HPLC: k’48.(k = 5.84 min, column B),
purity = 85 %; GeH2aNs0,S - 2TFA (596.54).

1-[3-(2-Aminothiazol-5-yl)propyl]-2-[6-(4-fluorobenzoylamino)hexanoyl]guanidine
(3.63)

The title compound was prepared fr@3 (44 mg, 67 umol) in 1.5 ml MeCN, NHS-4-
F-benzoate (13 mg, 54 pmol) in 0.5 ml MeCN and3gNB8 ul, 0.2 mmol) according to
the general procedure yieldir&63 (14 mg, 39 %) as yellow oifH-NMR (CD;OD) &
(ppm): 7.85 (m, 2H, AH), 7.17 (t,J = 8.7 Hz, 2H, ArH), 7.00 (s, 1H, Thiaz-4), 3.36
(m, 4H, GHoNH, CH,NHCO), 2.76 (1) = 7.5 Hz, 2H, Thiaz-5-B,), 2.49 (1,3 = 7.4
Hz, 2H, CO®,), 1.94 (m, 2H, Thiaz-5-C}CH,), 1.68 (m, 4H, COCHKCH,,
CH,CH,NHCO), 1.43 (m, 2H, €,); *C-NMR (CD;OD) & (ppm): 177.22 (quatC=0),
164.51 (quat. Ac-F), 162.39 (quat. Thiaz-€), 155.29 (quatC=NH), 130.89 (+, Arc),
130.78 (+, Ar€), 126.36 (quat. Thiaz-&), 123.36 (+, Thiaz-£H), 116.53 (+, Arc),
116.23 (+, Ar€), 41.51 (-,CH,NH), 40.74 (-,CH,NHCO), 37.63 (-, CGH,), 30.16 (-,
CH,CH,NHCO), 29.49 (-, Thiaz-5-C}CH,), 27.29 (-, COCHCH,CH,), 25.06 (-,
COCH,CH,), 24.91 (-, Thiaz-%H,); HREIMS: mvz for ([CaoH27FNO,S]™) calcd.
434.1900, found 434.1900; prep HPLC: MeCN/0.1 % TM&eA(20/80-50/50); anal.
HPLC: k'= 2.33 (¢ = 8.90 min, column B), purity = 100 %;,6,7FNsO,S - 2TFA
(662.57).
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General procedure for the preparation of the fluorescent compounds 3.58 and 3.60
To a solution of3.310r 3.71*° (2.5 eq) in MeCN was added NE7.5 eq). Subsequently,
a solution of py-¥ ((E)-4-[2-(1,2,3,5,6,7-hexahydropyrido[3,2,1-ijjquiitoio-yl)-
ethenyl]-2,6-dimethylpyrylium tetrafluoroborategty) in DMF was added. After 1-2 min
the color changed from blue to red. The reactios stapped by addition of 10 % TFA/aq
after an incubation period of 1 h at room tempemtd’he product was purified by
preparative RP-HPLC.

1-(6-{Amino[3-(2-amino-4-methylthiazol-5-yl)propylamino]methyleneamino}-6-oxo-
4-phenylhexyl)-4-[E)-2-(1,2,3,5,6,7-hexahydropyrido[3,2,1-ijjquinolin9-yl)ethenyl]-
2,6-dimethylpyridinium trifluoroacetate (3.58)

The title compound was prepared fr@n71° (4.59 mg, 6.2 umol) in 0.8 ml MeCN, NEt
(2.6 pl, 18.5 pmol) and py-1 (0.97 mg. 2.5 pmolbihpl DMF according to the general
procedure affording.58 (1.5 mg, 58 %) as red oil. ES-MS (MeOH + 0.1 % }Awz
(%): 345.6 ((M+2H3", 100); prep. HPLC: MeCN/0.1 % TFA/aq (40/60-60/48hal.
HPLC: k'= 4.66 (§ = 15.15 min, column B), purity = 97 %; JEs,N;OS]" - 3TFA
(1033.02).

1-(11-{Amino[3-(2-amino-4-methylthiazol-5-yl)propylamino]methyleneamino}-11-
oxoundecyl)-4-[E€)-2-(1,2,3,5,6,7-hexahydropyrido[3,2,1-ijj]quinolin9-yl)ethenyl]-
2,6-dimethylpyridinium trifluoroacetate (3.60)

The title compound was prepared fr@81 (4.7 mg, 6.4 pmol) in 0.8 ml MeCN, NEt
(2.7 pl, 19 pmol) and py-1 (1.0 mg. 2.5 umol) in PBODMF according to the general
procedure affording.60 (1.6 mg, 62 %) as red oil. ES-MS (DCM/MeOH + MNbAC)
mz (%): 342.7 (M+2H§*, 100); HPLC: MeCN/0.1 % TFA/aq (40/60-60/40); anal
HPLC: k'= 4.92 (¢ = 15.84 min, column B), purity = 96 %; JgseN;OS]" - 3TFA
(1027.06).

(E)-1-[6-(11-{Amino[3-(2-amino-4-methylthiazol-5-yl)gopylamino]methylene-
amino}-11-oxoundecylamino)-6-oxohexyl]-2-{(&,4E)-5-[3,3-dimethyl-1-(4-
sulfonatobutyl)-3H-indolium-2-yl)penta-2,4-dienylidene}-3,3-dimethylndoline-5-
sulfonate (3.61)

NEt; (4.1 pl, 15 pmol) was added to a solution3d31 (4.8 mg, 3.3 umol) in 0.8 ml
MeCN. Subsequently, a solution of NHS-S0586 (1.16 in5 pmol) in 0.1 ml DMF was
added and stirred overnight at room temperature.réhction was stopped by addition of
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10 % TFA/aq (15 pl). The product was purified begarative RP-HPLC (MeCN/0.1 %
TFA/aq (30/70-70/30)) yieldin8.61 (1.3 mg, 67 %) as blue oil. ES-MS (DCM/MeOH +
NH4OAc) Mz (%): 532.3 ((M+2H3", 100), 1063.7 (MH, 10); prep. HPLC: MeCN/0.1 %

TFA/aq (30/70-70/30); anal. HPLC: k'= 2.1% & 8.43 min, column B), purity = 97 %;

[Cs4H77NgOsS;] - TFA (1176.45).

3.5.2 Pharmacological methods

3.5.2.1 Materials

Histamine dihydrochloride was purchased from AliesAr GmbH & Co. KG (Karlsruhe,
Germany). {-**P]GTP and |-**P]GTP, respectively, were synthesized according to
previously described methdd[**P]R, (8,500 — 9,100 Ci/mmol orthophosphoric acid) and
[**P]R (3,000 Ci/mmol orthophosphoric acid) were purchasem Hartmann Analytics
GmbH (Braunschweig, Germany). All unlabeled nudtks, glycerol-3-phosphate
dehydrogenase, triose phosphate isomerase, glgeasale-3-phosphate dehydrogenase
and lactate dehydrogenase were from Roche (Mannl@@ammany). 3-Phosphoglycerate
kinase and La-glycerol phosphate were from Sigma-Aldrich Che@mbH (Munchen,
Germany). Unlabeled G¥8 was from Roche (Mannheim, Germany) aft$]GTP/S
was from Hartmann Analytics GmbH (Braunschweig, riaamy). GF/B filters were from
Brandel (Gaithersburg, MD, USA).

3.5.2.2 Determination of histamine receptor agonisrand antagonism in

GTPase assays

Generation of recombinant baculoviruses, cell cultte and membrane preparation
Recombinant baculoviruses encoding humaR,Hor a fusion protein of the humanm
with Gsos, or a fusion protein of the guinea pigRdwith Gsis, or the human gR or a
fusion protein of the humansR with RGS19 were prepared as describéd?2using the
BaculoGOLD transfection kit (BDPharmingen, San DiedCA) according to the

manufacturer’s instructions.

Sf9 cells were cultured in 250 or 500 ml disposdbtienmeyer flasks at 28 °C under
rotation at 150 rpm in Insect-Xpress medium (LonZelviers, Belgium) supplemented

with 5 % (v/v) fetal calf serum (Biochrom, BerliGermany) and 0.1 mg/ml gentamicin
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(Lonza, Walkersville, MD). Cells were maintainedaadensity of 0.5 — 6.0 x i@ells/ml.
After initial transfection, high-titer virus stocksere generated by two sequential virus
amplifications. In the first amplification, cellsere seeded at 2.0 x ®6ells/ml and
infected with a 1:100 dilution of the supernataoinf the initial transfection. Cells were
cultured for 7 days, resulting in the lysis of tetire cell population. The supernatant
was harvested and stored under light protectioh &. In a second amplification, cells
were seeded at 3.0 x %l¢®lls/ml and infected with a 1:20 dilution of thepgrnatant fluid
from the first amplification. Cells were culturedrf48 h, and the supernatant was
harvested. After a 48 h culture period, the majooit cells showed signs of infections
(e.g. altered morphology, viral inclusion bodieghereas most of the cells were still
intact. The supernatant fluid from the second afmcplion was stored under light
protection at 4 °C and used as routine virus stimckmembrane preparations. For
membrane preparation, cells were sedimented byifteggtion (1000 rpm, 5 min, rt) and
suspended in fresh medium at 3.0 X d€lis/ml. Cells were infected with 1:100 dilutions
of high-titer baculovirus stocks encoding the wvasichistamine receptors, histamine
receptor fusion proteins, G-protein subunits andSRf&oteins. Cells were cultured for 48
h before membrane preparation. Sf9 membranes wepamed as describédusing 1
mM EDTA, 0.2 mM phenylmethylsulfonyl fluoride, 1@{ml benzamidine and 10 pg/ml
leupeptin as protease inhibitors. Membranes wespesuded in binding buffer (12.5 mM
MgCl,, 1 mM EDTA and 75 mM Tris/HCI, pH 7.4) and stord-80 °C until use. Protein
concentrations were determined using the DC proaésisay kit (Bio-Rad, Minchen,

Germany).

Steady-state GTPase activity assay with Sf9 inseckll membranes expressing
histamine H;-H, receptors

Membranes were thawed, sedimented and resuspemd@dmM Tris/HCI, pH 7.4. In the
case of the IR and HR, Sf9 membranes expressing eithgRHsoforms plus RGS4 or
H,R-Gsis fusion proteins, respectively, were uséd! HsR-regulated GTP hydrolysis
was determined with membranes co-expressing humBn rHammalian @iz, GB1y, and
RGS4. Human kR activity was measured with membranes co-exprgsam HR-
RGS19 fusion protein with &, and B1y.. Assay tubes contained Sf9 membranes (10-20
pg of protein/tube), MgGI(H:R, H:R: 1.0 mM; HR, HsR: 5.0 mM), 100 uM EDTA, 100
uM ATP, 100 nM GTP, 100 uM adenylyl imidodiphospghad mM creatine phosphate,
40 pg creatine kinase and 0.2 % (w/v) bovine seallamin in 50 mM Tris/HCI, pH 7.4,
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as well as ligands at various concentrations. JR Hssays, NaCl (final concentration of
100 mM) was included. Reaction mixtures (80 ul) evercubated for 2 min at 25 °C
before the addition of 20 ukf?P]JGTP (0.1 pCiltube) oryP*P]JGTP (0.05 pCiltube).
Reactions were run for 20 min at 25 °C and ternathdity the addition of 900 ul of slurry
consisting of 5% (w/v) activated charcoal suspendedt0 mM NaHPO, pH 2.0.
Charcoal absorbs nucleotides but n@t ®harcoal-quenched reaction mixtures were
centrifuged for 7 min at room temperature at 13.0600 pl of the supernatant fluid
were removed and?P, or **P was determined by Cerenkov or liquid scintillation
counting, respectively. Enzyme activities were eoted for spontaneous hydrolysis @f [
¥PIGTP or §-**P]GTP, respectively, determined in tubes contairétigcomponents
described above, plus a high concentration of whab GTP (1 mM) to prevent
enzymatic hydrolysis of the labeled nucleotidesthe presence of Sf9 membranes.
Spontaneousy{*P]GTP or {->**P]GTP degradation was <1 % of the total amount of
radioactivity added. The experimental conditionesgn ensured that not more than 10%
of the total amount of addeg-{°P]GTP and y-**P]GTP was converted t8P, and *P,
respectively. All experimental data were analyzgabn-linear regression with the Prism

5 program (GraphPad Software, San Diego, CA).
3.5.2.3 Histamine H receptor assay on isolated guinea pig right atrium

Guinea pigs of either sex (250-500 g) were stunhgda blow on the neck and
exsanguinated. The heart was rapidly removed, lmmdght atrium was quickly dissected
and set up isometrically in Krebs-Henseleit's sotutunder a diastolic resting force of
approximately 5 mN in a jacketed 20 ml organ bdtB25 °C as previously describ&H.
The bath fluid (composition [mM]: NaCl 118.1, KCIL74 CaC} 1.8, MgSQ 1.64,
KH,PO, 1.2, NaHCQ 25.0, glucose 5.0, sodium pyruvate 2.0) was dapailed with 95%
0O, - 5% CQ and additionally containedR§)-propanolol (0.3uM) to block B-adrenergic
receptors. Stock solutions (10 mM) and all dilusiaf ligands (1, 0.1 and 0.01 mM) were
made in freshly prepared bath fluid instead of iltkst water in order to prevent
absorption at glass surfaces. Experiments wertedtafter 30 min of continuous washing
and an additional equilibration period of 15 miiwo successive curves for histamine
displayed a significant desensitization of 0£18.02 (N = 16 control organs). This value
was used to correct each individual experimAganists: Two successive concentration-

frequency curves were established: the first ttamge (0.1-3QuM) and the second for
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the agonist under study in the absence or presefc@metidine (10uM, 30 min
incubation time). Furthermore, the sensitivity t0, 300 or 300uM cimetidine was
routinely checked at the end of eachRHagonist concentration-effect curve and a
significant reduction of frequency was observedlaiiee potency of the agonist under
study was calculated from the corrected pfdifference. pEgp values are given relative
to the long term mean value for histamine (p&&€6.00) in our laboratory (pEg= 6.00

+ ApEG;).
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Homobivalent acylguanidines: twin

compounds as histamine Kreceptor agonists

4.1 Introduction

As demonstrated in chapter 3, the structure-agtirétationships ofN®-acylated 3-(2-
aminothiazol-5-yl)propylguanidines (cf. Figure 4.igvealed that even space-filling
substituents at the guanidine group are well teéeraThis prompted us to explore the
applicability of the bivalent ligand approach, hsms the working hypothesis that such
compounds should possess increasgid &gonistic potency and might be useful to study
hypothetical HR dimers.

Over the last few decades the understanding of GBt@Rture and function has been
challenged by the discovery that GPCRs are abferta homo- and hetero-oligomeric
complexe$™® Meanwhile, the existence of homo- and hetero-diméias been
demonstrated for several class A GPCRs includingidpreceptors;’ adrenergic
receptoré somatostatin receptots® dopaminergic receptots*® muscarinergic
receptors*™” as well as the histamine receptor subtyféSThe term bivalent ligand is
widely used and refers to molecules containing $ets of pharmacophoric entities linked
through a spacéf. The design of bivalent ligands requires considemat of various
aspects, including the choice of the initial monaméad compound, the choice of an
appropriate attachment point for the spacer andcti@ce of length and chemical
composition of the spacétBivalent ligands are thought to exhibit a gregietency than
that corresponding to double concentration of a awatent ligand?* This concept has

been studied for various GPCRdpr instance, for opioid receptorin more detail. The
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bivalent ligand approach has proven to be promisingnprove potency and selectivity

but also the pharmacokinetic profile of compoufids.

N R3 X pz
NWN N)Wn — Het” >N SN NT N Het
\ H 1 H n H
>/S R
HzN General structure of bivalent hetarylpropylguanidine-
General structure of monovalent type H R agonists; n=4, 5,6, 7, 8, 10, 14, 20
NC-acylated aminothiazolylpropyl- H
guanidines; R: H, CHa; ° )ﬁ/% S S
R' R2 R® n: see chapter 3 Hett: N 1 N T ¢ :”/ K
NS \_S N-NH
HoN HoN H

Figure 4.1.Overview of structural modifications resultingthre bivalent title compounds.

For opioid receptors, the distance between twogeition sites of a contact dimer with a
TM5/TM6 interface is about 22 to 27 A as suggestech molecular modeling.In an
approach to explore the structural requirementputétive bivalent KFR agonists, we
synthesized and pharmacologically investigated lbntaligands (“twin compounds”)
with two hetarylpropylguanidine entities, linked ahe N®-nitrogen atoms with

dicarboxylic acids as spacers with lengths betwiand 27 A.

4.2 Chemistry

The bivalent acylguanidine-type compounds wereepegttially synthesized by analogy
with the procedure developed for tHé°-acylation of monovalent hetarylpropyl-

guanidines as described in chaptér?3using two equivalents of mono Boc-protected
hetarylpropylguanidines3.17, 3.18 and 4.8 and one equivalent of the pertinent
dicarboxylic acids. The synthetic strategies aimedompounds of maximal purity on the

low mg scale rather than at the optimization ofdseand synthetic routes.

The required Boc-protectedll-[3-(1-trityl-1H-imidazol-4-yl)propyl]guanidine building
block 4.8 was synthesized with minor modifications as presip described starting from
urocanic acid (Scheme 4.%)After esterification, hydrogenation of the doublend and
trityl-protection of the imidazole-NH, the esteogp was reduced with LiAllHto obtain
the alcohol4.4. Conversion of the alcohol functionality to thanpary amine4.6 was

accomplished undeMitsunobu conditiond® via the phthalimide4.5 and subsequent
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treatment with hydrazine monohydrate. The free andir6 was then coupled to the
guanidinylating reagent3.3 by analogy with the procedure described for the
aminothiazoles in chapter'3Finally, the Cbz-group was removed by hydrogematin
yield theN®-Boc-N"™-Trt-protectedmidazolylpropylguanidine.8.

o : 0 ) 0
No Ay O NoANANGCHy @ N o CHs
¢ | ¢ | iy ¢
HN HN - HN 4.2

O

0
(i) NJ/\)J\O/CHs (iv) N OH W) N
— </ | —_— </ | — 74 N

Trt )

Tt 4.3 Tt 44

NBoc NBoc

o) N NH, (Vi) N PR (i) N AL
/

I
- 46 a7 P2 N 48

Trt Trt

Scheme 4.1Synthesis of the imidazolylpropylguanidine builgliblock 4.8. Reagents and conditions: (i)
anhydrous Nz80,, H,SOy/conc., MeOH/abs, 30 h, refldk(ii) H,, Pd/C (10 %) cat., MeOH, 5 bar, 24 h,
rt; (i) CPhsCI (1.1 eq), NE£ (2.8 eq), MeCN, 12 h, rt; (iv) LiAIH(2 eq), THF/abs, ED/abs, 2 h, reflux;
(v) phthalimide (1 eq), PRH1 eq), DIAD (1 eq), THF/abs, 24 h, rt; (vi)Mb-H,O (5 eq), EtOH, 1 h,
reflux; (vii) 3.3 (1 eq), HgCl (2 eq), NE§ (3 eq), DCM/abs, 48 h, rt; (viii) 51 Pd/C (10 %), MeOH/THF
(1:1), 8 bar, 6-7 d, rt.

To obtain the designated symmetrical bivalent ladgh9-4.19 the mono Boc-protected
hetarylpropylguanidine8.17, 3.18 and4.8 were coupled to alkanedioic acids of various
length using EDAC, HOBt and DIEA as standard couplieagents to yield the protected
acylguanidinegt.9a-4.19a Thereby, the Boc-protected guanidii®el{, 3.18 4.9), at its
terminal position °), reacts similarly to amines but at lower reactiates. Finally,
removal of the protecting groups under acidic cbods gave the symmetrical bivalent
acylguanidine<t.9-4.19(Scheme 4.2), which were purified by preparative HPLC. In
certain cases, mono-acylated side products were #&blbe separated during the
purification stepvia preparative RP-HPLC. In this way, low amounts loé tmono-
acylated imidazolylpropylguanidine&.20-4.22with one free carboxylic function were
obtained. In addition, the bivaleNf-acylated 1,2,4-triazol-5-ylpropylguanidide24 was
synthesized starting from the Trt-protected triglpybpylguanidine building blockd.23
(cf. Scheme 4.2), which was recently prepared inworkgroup?® In contrast to the

aforementioned acylation steps, the guanidine mgltlock4.23was deprotonated with
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NaH and coupled to decanedioic acid, which wasvaigd by CDI, to yield the Trt-
protected precursod.24a Treatment with TFA/aq (20 %) and purification Hhvit
preparative RP-HPLC gavBl*,N*-Bis{[3-(1H-1,2,4-triazol-5-yl)propylamino](amino)-
methylene}decanediamidd.g4) in high purity.

NBoc
ey As NH, O O NH
R NN () 0 s A
| X —
AN J\MJ\ AN
3.17,3.18, 4.8 0 O R? N N n MR R
or
)N]\H HOJ\MﬁJ\OH 4.9-4.19,4.24
R"™S""N""NH, n=456,78, 14,20 \ NH, O O
A N PN
4.23 % J/\/\” N | OH
|  3.47 3.18 4.8 4.23 N 4.20-4.22
HasC
S N
R’ >\€% N/\( ¢ j
Trt
BocHN BocHN Tr1
No. n R? No. n R? No. n R2 No. n R2? No. n
49 7 HC 410 6 414 4 424 8 420 4
>§ﬁ’1 a8/~ 415 5 (Nj%l‘ <Nﬁf“ 421 6
N & | 412 14 NO s | 416 6 N \-NH | 422 20
g 413 20 417 7
H,N HoN 418 14
419 20

Scheme 4.2General procedurir the preparation of the symmetrical bivalentlgugnidines4.9-4.19and
4.24 and the mono-acylated imidazolylpropylguanidide®0-4.22 Reagents and conditions: (i) fdr9-
4.19 EDAC (1 eq), HOBt (1 eq), DIEA (1 eq), DCM/abs§ b, rt; for4.24 CDI (1.2 eq), NaH (60 %
dispersion in mineral oil) (2 eq), THF/abs, 3-4rth,(ii) 20 % TFA, DCM/abs, 3-5 h, rt. Compoudd?3
was provided by Dr. P. Igel. For experimental data Ref®

4.3 Pharmacological results and discussion

In addition to the newly synthesized acylguanidine84.22 and 4.24 previously
prepared bivalent #R agonist®’ are included in this section to a more comprelvensi
overview of the structure-activity relationships this class of compounds. Table 4.1

gives a structural overview of all investigatedahgls.
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Table 4.1.Structural overview of investigated twin compourfd$9-4.19 4.24 and4.25-4.3) and related
N®-acylated imidazolylpropylguanidined.0-4.22and4.32).

NH, O O NH, NH, O O

Het/\/\N)\\N ] N/)\N/\/\Het (N]/\/\” N OH
HN
4.9-4.19, 4.24, 4.25-4.31° 4.20-4.22, 4.32°
Compd. Het n Compd. Het n

4.25 4 4.14 4
4.26 6 4.15 5
4.9 7 4.16 6
4.27F 2-amino-4-methylthiazol-5-yl 8 4.17 imidazol-4-yl 7
4.28 10 4.3F 8
4.29 14 4.18 14
4.30 20 4.19 20
4.10 6 4.20 4
4.11 8 4.21 6

2-aminothiazol-5-yl -
4.12 14 4.37 8
4.13 20 4.22 20
4.24 1,2,4-triazol-5-yl 8

2 Compoundg+.25-4.32were provided by Dr. A. Kraus. For experimentabdsee Ref?

All compounds were examined for histamingRHagonism on human (h) and guinea pig
(gp) H: receptors in steady-state GTPase assay using rapeshiof Sf9 insect cells
expressing hbR-Gais and gpHR-Gsus fusion proteins, respectively (Table 4°2)in
addition, selected compounds were investigatetieaisolated spontaneously beating gp
right atriunt* as a pharmacological standard model for the cteniaation of HR
ligands (positive chronotropic response) (Tablg,4a8d in the GT#S binding assay on
gpHR-Gsus fusion proteins. Furthermore, with respect to infation about the
molecular determinants of different agonist potescat human and guinea pigpRH
orthologs, selected bivalent ligands were testedHgit mutants, in which Cys-17 and
Ala-271 in the hHR were replaced by Tyr-17 and Asp-271 as in the,Bplind four
different amino acids in the e2 loop were recipligcenutated (hHR-C17Y-A271D-
Gs, hHR-C17Y-G®is, hHR-gpE2-Gsls, gpHR-hE2-Gsis) (Table 4.4)03%33

Moreover, the histamine receptor selectivitiesepiresentative compounds were explored
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in GTPase assays using recombinant human histarhinkl; and H, receptors (Table
4.5).

4.3.1 Histamine H receptor agonism

4.3.1.1 HR agonism at human and guinea pig bR fusion proteins in the

GTPase assay

Pharmacophore duplication led to potent partialutbagonists in the GTPase assay at
hH,R-Gsis and gpHR-Gsus fusion proteins (Table 4.2). Investigations ofetndifferent
series of twin compounds containing either two Ifdre-4-methylthiazolyl)propyl-
guanidines 4.9 and 4.25-4.30(, two (2-aminothiazolyl)propylguanidine€.00-4.13 or
two imidazolylpropylguanidines4(14-4.19and 4.3]) revealed the following results (see
Figure 4.2): when increasing the spacer length ffoan to twenty C-atoms, covering a
distance ofr 6 to~ 27 A between the carbonyl groups, highest potenaiere obtained
with octanedioyl or decanedioyl spacers at both,RiBsus (PEGsp values< 8.2) and
gpHR-Gsus fusion proteins (pEgs values< 9.4). These compounds exceeded the
potency of histamine up to 200 and over 3000 timesHR-Gsis and gpHR-Gsus,
respectively. Further extension of the spacer lengsulted in a significant drop in
potency or in a complete loss of agonistic actiatyhHR-Gsis and switch to BER
antagonism (pKvalues4.13 5.8,4.19 6.4,4.30 6.1).

Homobivalent 2-aminothiazoles lacking the 4-metrstbstituent showed slightly
decreased potencies but increased efficacies cewohpartheir methylated analog$.10

vs. 4.26 4.11vs. 4.27, 4.12 vs. 4.29, Fig. 4.2C, D) at both, the hER-Gsus and the
gpH:R-Gsus. Compound#t.10and4.11 were full agonists at gpiR-Gsis. Compared to
the corresponding 2-amino-4-methylthiazoles, mosidazoles 4.16-4.18 4.31) were
nearly equipotent at HR-Gsis and slightly less potent at gpRtGsis. Furthermore, the
imidazoles revealed the highest efficacies amoerghhee structural classes, resulting in

full agonists at gpbR-Gsus.
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Figure 4.2. Effect of spacer length (n = number of methylemeugs) on the potency of symmetrical
bivalent acylguanidinesA, B: Correlation between potencies of bivalent ligar{tet: 2-amino-4-
methylthiazol-5-yl @), 2-aminothiazol-5-yl §) and imidazol-4-yl )) at hHhR-Gsis (A) and gpHR-Gsiig
(B). At hH,R-Ggus, compounds with spacer length of 20 methylene gsahowed no agonistic activitg,

D: Histamine HR agonism of bivalent 3-(2-amino-4-methylthiazoj¥sropylguanidines €) and 3-(2-
aminothiazol-5-yl)propylguanidines Df with increasing spacer lengths at ;R-Gsis. Data of
representative experiments, expressed as percectagge in GTPase activity relative to the maximum
effect induced by histamine (100 uM).

Very recently,N®-acylated 1,2,4-triazolylpropylguanidines were itfi@d as selective
H,R agonists with low to moderate potencig$n contrast to 2-aminothiazoles which
have raised suspicion to form toxic metabolitesrafixidative cleavage of the rin§g®
the triazole ring is considered as relatively stadmjainst oxidation by oxygena¥eand

therefore may be a promising alternative bioisestefr the imidazole ring. Hence, a
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bivalent compound bearing two 1,2,4-triazolylpramanidine residues connected with a
decanedioyl spacer44 was prepared to evaluate the,RH agonistic activity.
Unfortunately, compound.24 showed up to two orders of magnitude lower potencie
compared to the corresponding 2-aminothiazdl23 and4.11 and the imidazold.31at
hH,R-Gsus (PEGs values4.24 6.82,4.27. 8.11,4.11 7.67,4.31 8.21) and gpbR-Gsus
(PEGso values,4.24 7.99,4.27 9.41,4.11 8.30,4.3L 8.94), respectively. Thus, the
1,2,4-triazole moiety proved to be inappropriateaabioisosteric replacement of the
imidazole ring in bivalent acylguanidine-typgRdagonists.

Compound#.20-4.22 and4.32with only one imidazolylpropylguanidine pharmacopdh
and a free carboxylic group were significantly lpssent than the corresponding bivalent
ligands, but the orders of potencies were in gogckement. Again, an 8- to 10-
membered carbon chain was optimal with respect® a&tjonistic activity, whereas a 20-
membered carbon chain resulted in a total lossgohiatic activity at the hjR-Gsus.
However, these compounds can only be consideredppgnoximation to monomeric
analogs as the alkyl chain including the carboxgroup, which is converted to an
acylguanidine in the twin compounds, may also aotdeH,R binding. To estimate the
contribution of the second pharmacophoric moiehe #activities of bivalent ligands
should be compared with more appropriate mononwnopounds. This issue has been

investigated in chapter 5 in more detail.

Table 4.2.Potencies and efficacies of bivalent acylguanigliaed reference compounds atRH>s1s and

gpH.R-Gsus fusion proteins in the steady-state GTPase dssay.

hH,R-Gsus gpH,R-Gsus ECso
(hH,R-Gsug)/
Compd. E max PECsy/(pKg) Pot, Emax PECso POt ECso(gpH,R-
£+SEM  +SEM ®  4£SEM  +SEM ° Gsug)
His™ 1.00 5.90 + 0.09 1.0 1.00 5.92 + 0.09 1.0 1.05
Amt*  091+0.02 6.72+0.10 6.6 1.04+0.01 6.72+0.09 6.3 1.00
425 068+0.03 7.24+0.22 219 0.90+0.05 8.5990.3 467.7 22.39
426 062+0.03 7.32+0.23 263 0.81+0.03 9.2060.11,905.5 75.97
49 048+004 7.45+0.14 355 0.90+0.06 8.5660.1 436.5 16.24
427 053+0.04 8114025 162.2 0.79+0.07 9.4110. 3,090.3 19.90
428 0.46+0.04 7.78+0.17 759 0.66+0.05 8.5720.3 446.7 6.17
429 012+0.02 759022 490 051+0.02 7.93#0.4 102.3 2.19
4.30* (- (6.11 + 0.15) 5  058+0.02 6.48+0.37 3.6 -
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Table 4.2.(continued)

410 0.79+0.03 7.51+0.02 407 1.00+0.03 8.8780.2 891.3 22.89
411 0.75+0.03 7.67+0.07 589 0.94+0.01 8.3020.2 239.9 4.27
412 0144001 7.03+0.13 135 059+0.01 7.2390.1 20.4 1.58
4.13 (- (5.77) §  0.36+0.01 6.69+0.01 5.9 -
414 0.68+0.04 6.67+0.34 59 1.00+£0.02 7.96 +0.07109.7 19.51
415 1.02+0.06 7.24+0.08 219 1.16+0.15 8.8090.0 758.6 36.31
416 0.77+0.12 7.25+0.16 224 1.18+0.01 8.4980.3 371.5 17.35
417 0.88+0.03 7.21+0.04 204 1.19+0.02 8.519€0.3 389.1 19.95

437 0.81+0.02 8.21+0.07 2042 0.98+0.05 8.94160. 1,047.1 5.36
418 0.29+0.08 7.61+0.18 51.3 0.85+0.10 7.7060.2 60.4 1.23
4.19 (- (6.57+0.07) 5 0.19+0.03 7.46+0.12 347 -
424 049+003 6.82+0.05 105 0.95+0.04 7.9920.0 117.5 14.79
420 0.49+0.03 573+0.01 0.7 0.79+£0.02 6.09+0.02 1.5 2.29
421 0.79+0.04 6.87+0.07 9.3 0.99+0.01 6.99+0.0311.8 1.32

437 0674003 7.10+007 159 0.97+0.04 6.82602 7.4 0.52
4.22 (- - )  0.68+00 541+0.01 0.3 -

aSteady-state GTPase activity in Sf9 membranes ssimg hHR-Gsisand gpHR-Gsiswas determined as
described irPharmacological methods. Reaction mixtures contained ligands at concentiatfrom 1 nM

to 10 uM as appropriate to generate saturated concentredgponse curves. Data were analyzed by
nonlinear regression and were best fit to sigmoadaicentration-response curves. Typical basal G Pas
activities ranged between 0.5 and 2.5 pmol/mg/min, and activities stimulat®dhistamine (10QM)
ranged between 2 and 13 pmahgmin™. The efficacy (Eay) of histamine was determined by nonlinear
regression and was set to 1.0. ThesEalues of other agonists were referred to thiseiaData shown are
means + SEM of 2-6 independent experiments perfdrimeduplicate. The relative potency of histamine
was set to 1.0, and the potencies of other agowsts referred to this valugNo agonistic activity.

In agreement with previous studies on monovaleglgaanidine-type BR agonists all
bivalent compounds exhibited higher potencies dfidaeies at gpHR-Gsus relative to
hH,R-Gas (see Figuret.3)1?>3938|nterestingly, compounds.10 4.15 4.17 and4.25
4.27 were 20 to 76 timegnore potentat the gpHR-Gsis compared to hER-Gsus and
therefore exhibited the highest preference for s among acylguanidines known
so far. Compound4.1Q 4.26, 4.27and4.31 (ECso values at gpbR-Gsis: 0.39 nM — 1.35
nM) turned out to be the most potent acylguanidype HR agonists identified in the

GTPase assay.
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Figure 4.3.Efficacies and potencies of the title compoundstaR-Gsis in comparison with gppR-Gsiig
as determined in the steady-state GTPase assaydortesl lines represent the line of identidy. Plot of
efficacies at gpbR-Gos vs. hH,R-Gos. B: Plot of pEG, at gpHR-Gos vs. hH,R-GIs. In B,
compounds4.13 4.19 4.20 4.22 and 4.30 are not demonstrated as they are very weak agoaoist

antagonists.

Given that the steady-state GTPase assay is ditiaktiest system using membrane

preparations instead of intact cells, G-proteingghhibe directly accessible to the

investigated compounds, i.e. the

possibility of receptor-independent G- _ 6

protein activation has to be taken into gé

account. Direct G-protein activation has f’-'@ 4

been reported for various cationic- é % |

amphiphilic compounds including local © &
anesthetics,3-adrenoceptor antagonists 0 | | |
and wasp venom mastopardi? Direct 0 8 6 4 2
G-protein  activation by histamine 09 ¢ (antagonis)
receptor ligands was reported to occur at _ Kg [nM]
concentrations higher than 10 3 Igmg?r:ge 1%2;;3;0

To verify the HR-mediated effect and to

exclude direct G-protein activation as gigure 4.4. Concentration-dependent inhibition of

. . . GTP hydrolysis by famotidine (solid line) and
mechanism of GTPase stimulation, _ _ _
ranitidine (dashed line) using31 as the HR agonist

selected bivalent iR agonists - were at a concentration of 1 nM at the gffHGsus. Data

investigated in the presence of theRH ,gints shown are means + SEM of representative

antagonists famotidine and ranitidine irxperiments performed in duplicate.
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the GTPase assay as shown4@1in Figure 4.4. At both, hR-Gsis (data not shown)
and gpHR-Gsus, the4.31-stimulated GTP hydrolysis was inhibited in a cartcation-
dependent manner, confirming the measured GTPdsatyato be HR-mediated. The
calculated kK values of famotidine (154 £ 67 nM, Fig. 4.4) amahitidine (1755 = 930
nM, Fig. 4.4) determined againéi3l at gpHR-Gsus, respectively, are in the same range
as data obtained from GTPase assays using histaamitiee HR agonist (reported K

values, famotidine: 38 + 3 nM, ranitidine: 1000 20InM)*

For comparison, examples of acylguanidings24 4.27, 4.31) were additionally
investigated in GT$S binding assays using membrane preparations of c8fl®
expressing the gpiR-Gsus fusion protein (cf. Figure 4.5). The determinedCgivalues
and intrinsic activities were in good agreemenhuite data from the GTPase assay.

1.0
fo))
£ 0.8 ,,—!
E -g PECsg Emax
S 0.6 /’ His[5.79+0.02  1.00
g / 3.24/7.80 + 0.07 0.92 + 0.03
g 041 v His 4.27/9.01 £ 0.14 0.97 +0.04
/. / a 324 4.31/9.31 + 0.01 1.04 +0.03
& 021 L= w427
|_ -
O o 431
00 T T T T
10 -8 -6 -4
ligand (log M)

Figure 4.5. Histamine H receptor agonism of representative bivalent liga#®7 (m) and 4.31 (o)
compared to the monovalent ligardd24 (A) and histamine ¥) in the GTRS binding assay using
membranes expressing gff4Gas fusion proteins. Data points are means of reptatiea experiments

performed in duplicate, analyzed by nonlinear regian for best fit to sigmoidal concentration-ressm

curves.

4.3.1.2 HR agonism on the isolated guinea pig right atrium

In addition to the studies on membrane preparati@msesentative bivalent,R agonists
were investigated on the isolated spontaneouslyirtieap right atrium as a more
complex, well established standard model for tharatterization of bR ligands. The
obtained data (Table 4.3) were in good agreemetit thie results from the GTPase
assays on the gpR-Ggs fusion proteins in terms of both potencies andinsic

activities. The structure-activity relationshipsiahe orders of potencies derived from the
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guinea pig right atrium were comparable to thosdévdd from the GTPase assay.
However, the agonist potency of the long chain memlof the serieslf, 20 and21)
decreased substantially in the organ assay compartd the GTPase assay. The
combination of two hetarylpropylguanidine moietsgh octanedioyl, nonanedioyl or
decanedioyl spacers (pefvalues4.9 9.08,4.26 9.61,4.27 8.93,4.31 9.22) led to the
most potent agonists at the gp right atrium knowrfias, surpassing up to 4000 times the
potency of histamine in increasing heart rate.ddit#on, similar to the results from the
GTPase assay the exchange of 2-amino-4-methylileiagainst imidazole ringgl.27vs.
4.3]) increased the efficacy at the gpt(0.62— 0.91). In agreement with monovalent
acylguanidines (see chapter 3), the positive chiropic response was sensitive against
the HR antagonist cimetidine (10-100uM), thus, confirghim HR-mediated effect of

bivalent acylguanidines (data not shown).

Table 4.3.Histamine H receptor agonism at the spontaneously beatingegurg right atrium.

Compd. PECs, + SEM? POt Ermax + SEM®
His 6.00 £ 0.10 1.0 1.0

Amt*® 6.21 +0.09 1.62 0.95+0.02
4.9 9.08 +0.05 1,210.1 0.71 +0.05
4.25 8.59+ 0.07 389.0 0.88 +0.03
4.26 9.61+0.03 4,070.0 0.64 +0.03
4.27 8.93+0.14 847.0 0.62 +0.04
4.29 6.26 + 0.14 1.82 0.53+0.11
4.30 5.10 + 0.13 0.13 0.62 +0.07
4.31 9.22 +0.06 1,640.0 0.91 +0.04

& pEG;, was calculated from the mean sftEG;, of the agonist curve relative to the histaminemefice
curve by equation: pEg = 6.00 + 0.13 +ApEG;; summand 0.13 represents the mean desensitization
observed for control organs when two successiveesufor histamine were performed (0.13 + 0.02, N =
16); data shown are means + SEM of three to fiyeedments;” Potency relative to histamine = 1.9;
Intrinsic activity, maximal response relative t@ tthaximal increase in heart rate induced by thereete
compound histamine = 1.0.

4.3.1.3 Interaction with the recognition site of HR dimers or binding to

different sites of one protomer?

The structure-activity relationships of bivalentRHagonistic acylguanidines, resulting
from GTPase, GT¥5 binding and guinea pig right atrium assays, atecompatible with
the possible role of such ligands as compoundsigorg” the recognition (orthosteric)
sites of receptor dimers. The spacers of the higokgnt agonistg.9-4.11, 4.16, 4.26,
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4.27and4.31are too short to simultaneously occupy twgRHrotomers. The presumed
optimal spacer length of 22-27 A may be attained only by compourdd$3 4.19 and
4.30 (n = 20, carbonyl-carbonyl distance 26.4 A wittiyftextended chain). However,
spacers with 14 and 20 carbon atoms resulted ik wganism (gpbkR-Gsus) or loss of
agonistic activity and conversion to antagonism fR4&sis). Thus, the remarkable
increase in potency compared to monovalenR Hagonists is presumably due to
interaction with an accessory (allosteric?) bindsige at the same receptor molecule
rather than to occupation of two protomers of sepéar dimer. In fact, many bivalent
GPCR ligands with drastically increased activitretative to the monovalent parent
compounds in spite of insufficient linker lengtlws bridging of receptor protomers have
been reported*®*’ The differences in potencies and intrinsic adégitbetween the data
obtained on human and guinea pigRrbrthologs may be interpreted as a hint to species
dependent molecular determinants possibly affediotf the orthosteric and the putative

accessory binding site. Therefore, additional €sidin HR mutants were performed.
4.3.2 Agonistic activity on histamine HR mutants/chimera

Unlike small HR agonists such as histamine and amthamine, whecludl agonists at
human and guinea pig2Rs, all bulky guanidine-type 4R agonists turned out to be
significantly more potent and efficacious at thédg relative to the hpR.>?>3%*3This
species-selective activation is also true for l@aalcompounds as revealed in the GTPase
assay (cf. Table 4.2 and Figure 4.3). These diffs#s may result from species-dependent
interactions with both the orthosteric and the putaaccessory binding site. The latter
probably resides in the extracellular domains, @amiho acids in the e2 loop are possible
candidates to interact with bivalent ligands. Basedhe crystal structure of rhodop&th,
the participation of residues of the e2 loop to Hieding pocket was proposed and
already experimentally demonstrated for some mesntieclass A GPCRE>?> However,

the very recently resolved crystal structures efttirkeyp;- and the humaf,-adrenergic
receptor indicate a certain contribution of a phalayine in the e2 loop to agonist and
antagonist binding>>* but this residue belongs to the orthosteric Stace the e2 loops
of the hHR and the gpkR differ by only four amino acids outside the osdtasic binding
pocket (hHR: G167, H169, T171, S1%&. gpH:R: D167, D169, 1171, V172), reciprocal
mutation (hHR-gpE2-Gss, gpHR-hE2-Gsis) is an approach to probe whether species

selectivity of bivalent ligands depends on an aswmes function of the e2 loop.
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Application of this approach td\N-[3-(1H-imidazol-4-yl)propyl]guanidines and\®-
acylated analogs indicated that the e2 loop doéx<omtribute to species-selectivity of
monovalent HR agonists® Investigations of selected bivalent acylguanidioes the
reciprocal mutants led to rather ambivalent results summarized in Table 4.4, all
investigated compounds exhibited similar potenaied efficacies at mutant hR-gpE2-
Gaus and wild-type hHR-Gsis. At mutant gpHR-hE2-Gsis the compounds are equi-
efficacious compared to the wild-type gftiGsis. However, the pE§ values are
significantly reduced by 0.5 to 0.9 in the cas&€-@mino-4-methylthiazolyl compounds
(4.26 4.27) exceptd.29 whereas the potencies of imidazoWI31) and 2-aminothiazolyl
derivatives 4.1Q 4.11) remain nearly unchanged (Figure Ab Hence, these results do
not indicate direct interactions of the mutatedidess with the bivalent ligands.
However, the integrity of the e2 loop seems to keessary for high-affinity gpiR
binding of bivalent 2-amino-4-methylthiazoles. dtnot obvious whether the detrimental
effect of the mutations is directly based on thediincation of an accessory site in the

extracellular region or indirectly due to conformatl changes of the orthosteric site.

Furthermore, as predicted by,R®I models and verified by site-directed mutagenesis
studies, the preference of the guanidine-type ag®ifor the gpkR is strongly dependent
on two amino acids, Tyr-17 and Asp-271 in TM 1 ard 7, respectively, which are
thought to stabilize an active receptor conformmatieia direct or through-water
interactions®** Cys-17 and Ala-271 in the hR cannot fulfill this function.
Investigations of selected bivalent acylguanidioed+HR mutants (Table 4.4, Figure 4.6
B), in which Cys-17 and Ala-271 of the BRiwere replaced by the corresponding amino
acids Tyr-17 and Asp-271 of the ggtl (hHR-C17Y-A271D-Gss, hHR-C17Y-Gsis)
confirmed that both Tyr-17 in TM1 and Asp-271 in TMr at least Asp-271 are key
residues for highly potent and efficaciougRHactivation. The sensitivity of the hR-
C17Y-A271D-Gsis double mutant against agonist stimulation wastesthifo that of the
gpH:R isoform. The single Cys-17-Tyr mutation had oslght or in some cases even
detrimental effects on R potency and efficacy.
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Figure 4.6. Comparison of the agonistic potencies of selectgdldnt ligands at wild-type and mutant
human and guinea pig,Heceptors as determined in GTPase assays. Datmsire the means + SEM of
two to five independent experiments performed iplidate. pEG, values were compared with each other
using one-way ANOVA, followed by Bonferroni's mplie¢ comparison tesf: pEG values 0#4.10 4.11,
4.26 4.27, 4.29 and4.31 at hHR-Gs1s (o) vs. hH,R-gpE2-Gss () vs. gpHR-hE2-Gsi5 (m) vs. gpHR-
Gsus (m) fusion proteins. pEg significantly different to: *hHR-Gsus, *hH,R-gpE2-Gas or °gpHR-hE2-
Gsus; one symbol: p < 0.05, two symbols: p < 0.01, eéhsgmbols: p < 0.001; 95% confidence intertal.
PEG;, values 0f4.10 4.11, 4.26 4.27 and 4.31 at hHhR-Gsus (o) vs. hH,R-C17Y-A271D-Gss double
mutant (1) vs. gpHR-Gsus (m). *pECs, significantly different to hbR-Gsis; one symbol: p < 0.05, two
symbols: p < 0.01, three symbols: p < 0.001; 95#fidence interval.

Table 4.4. Potencies and efficacies of bivalent acylguanidype HR agonists at hHR-gpE2-Gss,
gpH,R-hE2-Gsi5, hHR-C17Y-A271D-Gss and hHR-C17Y-Gsis expressed in Sf9 cell membraries.

hH,R-gPE2-Gsts  gpH,R-NE2-Gsus | hH,R-C17Y-A271D-Gats  hH,R-C17Y-Gsus

Compd- Emax pECSO Emax pECSO i Emax pECSO Emax pECSO
*SEM +SEM +*SEM +*SEM : +*SEM + SEM + SEM + SEM
33 6.17 5.86 6.50 6.61
His 1.00 1.00 | 1.00 1.00
+0.07 +0.05 | +0.01 +0.11
a2 094 686 094 653 0.97 7.19 0.86  6.93
+0.05 +0.06 +0.06 +0.09 +0.01 +0.02 +0.19 +0.04
0.69 7.48 0.97 8.53 ! 0.82 7.23
4.10 : nd’
+0.03 +0.06 +0.03 +0.03 +0.12 +0.10
411 0.74 7.83 0.99 8.19 0.79 8.20 0.52 8.05
+0.05 +0.15 +0.05 +0.04 +0.02 +0.14 +0.08 +0.22
4.26° 0.65 7.34 1.00 8.65 0.83 8.61 0.33 8.02
+0.05 +0.15 +0.01 +0.04 +0.02 +0.09 +0.03 +0.08
4279 0.65 8.16 0.86 8.47 0.78 8.72 0.29 7.60
+0.01 +0.06 +0.03 +0.21 +0.01 +0.13 +0.02 +0.03
soge 022 7.33 0.49 7.49 0.17 7.44 . ¥
+0.03 +0.09 +0.01 +0.04 +0.01 +0.23
437 0.82 8.47 1.11 8.92 0.97 9.19 0.94 8.16
+0.01 +0.07 +0.04 +0.01 +0.07 +0.08 +0.06 +0.05

@ Steady state GTPase activity in Sf9 membranes ssimg hHR-gpE2-Gss, gpHR-hE2-Gsis, hH:R-
C17Y-A271D-Gss and hBR-C17Y-Gsis was determined as described Rharmacological methods.
Reaction mixtures contained ligands at concentmatipom 1 nM to 10QuM as appropriate to generate
saturated concentration-response curves. Data aveakyzed by nonlinear regression and were besb fit
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sigmoidal concentration-response curves. Typicabb&TPase activities ranged betweef.5 and 1.5
pmotmg*min™ for hH,R-gpE2-Gss and gpHR-hE2-Gsis, ~ 2.5 and 3.0 pmahg min™ for hH,R-C17Y-
A271D-Gsis and~ 0.7 and 1.3 pmehg™min™ for hH,R-C17Y-Gsis. Activities stimulated by histamine
(100 uM) ranged between 2.8 and 5.0 pmehg min™ for hH,R-gpE2-Gss and gpHR-hE2-Gsig, ~ 1.1

and 4.5 pmoing*min™ for hH,R-C17Y-A271D-Gss and~ 1.1 and 1.8 pmahg min™ for hH,R-C17Y-
Gsus. The intrinsic activity (Ray of histamine was determined by nonlinear regoegsaind was set to 1.0.
The E, . values of other agonists were referred to thisezaData shown are means + SEM of one to three
experiments performed in duplicatend: not determined.No agonistic activity.

4.3.3 Receptor selectivity

To determine the histamine receptor selectivityfirghuman HR vs. H;R, HsR, HsR),
representative compounds were investigated in GIBssays on recombinant human H
Hs; and H receptors for agonism and antagonism, respectiy€able 4.5). These
experiments were performed at membranes of Sf&irs#ls co-expressing the QR
plus RGS4, co-expressing the difHplus Gz plus @Ba1y2 plus RGS4 or co-expressing the
hH,R-RGS19 fusion protein plusdp plus @ay.. Recently reported monovalehf-
acylated aminothiazolylpropylguanidine-type,RH agonists proved to be devoid of
agonistic and antagonistic activities or to haveyamegligible effects on histamine
receptors other than the,Rl (see chapter 3)This also holds for bivalent ligands: the
investigated compounds containing two 2-aminotHezooieties 4.10 4.11 and4.25-
4.29 showed only very weak antagonistic effects qn g and H histamine receptors.
By contrast, compounds containing two imidazolgsif.14-4.19and4.31) showed, in
addition to HR agonism, significant agonistic, antagonisticroserse agonistic activities
at the other histamine receptor subtypes, deperadirte spacer length. In particular, the
imidazolylpropylguanidines with octanet.16 and decanedioyl spacet.81) turned out
to be highly potent hgR and hHR partial agonists in the low nanomolar range and
therefore may be promising starting points for diegelopment of highly potent;R and
H4;R agonists. Hence, the replacement of the privilegaidazolylpropylguanidine
portion with an aminothiazolylpropylguanidine mgiettrongly favors the selectivity for
the HR in the case of both monovalent and bivalfacylated guanidines. Again, these
data confirm the working hypothesis that the 2-atfirazole and the imidazole moiety

are bioisosteric groups at theRibut not at the R and the &R.
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Table 4.5.Histamine receptor subtype selectivity of seledia@lent ligands. Agonistic, antagonistic and
inverse agonistic effects of bivalent ligands atRH RGS4, hbR-Gsis, hHsR + Goj, + GByy, + RGS4

andhH,R-RGS19 + G, + GB1y» expressed in Sf9 cell membrares.

hH;R hH,R hH3;R hH4R
PECso PECso PECso
Compd- (pK B) max max max
(PK) (PK'g) (PK'g)
7.24 0.68
4.25 (< 6.00) (<5.00) - (< 6.00) -
+0.22 +0.03
7.32 0.62
4.26 (< 6.00) (< 5.00) - (< 6.00) -
+0.23 +0.03
(6.01 8.11 0.53
4.27 (< 5.00) - (< 6.00) -
+0.07) +0.25 +0.04
7.59 0.12
4.29 (< 6.00) (< 6.00) - (< 6.00) -
+0.22 +0.02
7.51 0.79 (6.36
4.10 (< 6.00) - (< 6.00) -
+0.02 +0.03 +0.11)
7.67 0.75
4.11 (< 6.00) (< 5.00) - (< 6.00) -
+0.07 +0.03
(6.13 6.67 0.68 -0.22 7.10 0.42
4.14 <5.00
+0.22) +0.34 +0.04 +0.03 +0.12 +0.01
416 (6.70 7.25 0.77 8.38 0.37 7.38 0.51
. +0.07) +0.16 +0.12 +0.11 +0.08 +0.02 +0.04
431 (6.32 8.21 0.81 8.75 0.63 8.07 0.44
. +0.16) +0.07 +0.02 +0.06 +0.08 +0.19 +0.05
7.61 0.29 -1.02 6.47 -0.29
4.18 (< 6.00) <6.00
+0.18 +0.08 +0.02 +0.04 +0.09
(6.57 6.35 -0.77 —0.86
4.19 (< 6.00) - <6.00
+0.07) +0.03 +0.02 +0.02

a

Steady state

GTPase activity
hH;R+Ga;,+GB1y>+RGS4 and hER-RGS19+G6,,+GB,y, was determined as describedPinarmacological
methods. Reaction mixtures contained ligands at conceaotiatfrom 1 nM to 100 uM as appropriate to
generate saturated concentration-response cureesarfiagonism, reaction mixtures contained histamin
(hH;R: 1 uM; hHR, hH,R: 100 nM) and ligands at concentrations from 1toM mM. Data were analyzed
by nonlinear regression and were best fitted taneigal concentration-response curves. Typical basal
GTPase activities ranged between.5 and 2.5 pmohg 'min™, and activities stimulated by histamine (10
uM) ranged betweer 3.5 and 4.5 pmohg min®. Data shown are mean values from one to four
experiments performed in duplicate.sjGralues were converted togKvalues using the Cheng-Prusoff
equatior’ Efficacy (Ensy) relative to the maximal response of histamine.@01Negative values refer to
inverse agonistic effectdFor general structure of bivalent hetarylpropylijdines see Table 4.1.

Sf9 membranes ssinge hHR+RGS4,

hHR-Gsug,

121



Chapter 4

4.4 Summary

Starting fromN®-acylated hetarylpropylguanidines which were relyetiscovered in our
laboratory as a new class of potenfRHagonists?® several bivalent histamine,R
agonists were synthesized by connecting two hemapylguanidine entities byN®-
acylation with alkanedioic acids of various chandths (6 — 27 A). The pharmacophore
duplication resulted in novel BR and gpHR agonists which may serve as
pharmacological tools for more detailed investigiagi of the HR. The bivalent ligands
proved to be partial to full #/R agonists, up to two orders of magnitude morergdtean
monovalent acylguanidines and up to 4000 times npatent than histamine at the
gpH:R (compounds with octanedioyl to decanedioyl spcdihese are the most potent
histamine HR agonists known to date. However, the resulthisfdtudy, in particular the
structure-activity relationships with respect toasgr length, do not support the
hypothesis of simultaneous occupation of the retiognsites of neighboring protomers.
The spacer optimum rather suggests that the reilarkacrease in potency compared to
monovalent HR agonists is due to the interaction with an aaogs&llosteric?) binding
site at the same receptor molecule. InvestigattonsHR and gpHR mutants, aiming at
identifying molecular determinants of the putataecessory binding site, confirmed the
key role of non-conserved Tyr-17 and Asp-271 in Tkiid TM7 in the gpbR for
species-selective JR activation and suggested that the e2 loop doégpandicipate in
direct ligand - receptor interaction. In order tortfhier elaborate structure-activity
relationships with respect to the role and theradton site of the spacer and the second
set of pharmacophoric groups, it is necessary tathsgize and pharmacologically
characterize additional compounds with differeracgrs, e.g. more bulky, rigid and/or

hydrophilic spacers, and distinct pharmacophoregedisas non HR-specific moieties.

4.5 Experimental section

4.5.1 Chemistry
45.1.1 General conditions

See section 3.5.1.1
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4.5.1.2 Preparation of theN®-Boc-protected building block 4.8

(E)-Methyl 3-(1H-imidazol-4-yl)propenoate (4.13’

To a solution of urocanic acid (10 g, 72.4 mmol)l anhydrous N&O;, (1.5 g) in 100 ml
MeOH/abs was added 6 ml of conc,S@,. After refluxing for 30 h, the solvent was
removed under reduced pressure. The residue wssl\did in a small amount of water,
neutralized with saturated NaH@@qg and extracted three times with EtOAc. After
drying over MgSQ, the solvent was evaporatadvacuo to give4.1in 94 % yield (10.5
g) as white solid’H-NMR (CDsOD) & (ppm): 6.33 (s, 1H, Im-24), 6.18 (d,J = 15.9
Hz, 1H, Im-4-CH®), 2.37 (s, 3H, O83); EI-MS (70 eV) m/z(%): 152 (M, 50);
C/HgN20O; (152.15).

Methyl 3-(1H-imidazol-4-yl)propanoate (4.2§°

To a solution o#.1 (9.9 g, 65.1 mmol) in 120 ml of MeOH was added d & Pd/C (10
%) at room temperature under stirring. The mixtwes hydrogenated at 5 bar for 24 h.
After completion of reaction (TLC control) the mixe was filtered through a Celite pad,
which was rinsed with MeOH, and the solution wasaemtratedn vacuo to get4.2 (10

g, 100 %) as white solid. mp 107-189; *H-NMR (DMSO-d;) 3 (ppm): 7.51 (s, 1H, Im-
2-H), 6.75 (s, 1H, Im-34), 3.59 (s, 3H, O83), 2.75 (1) = 7.4 Hz, 2H, Im-4-El,), 2.59

(t, %3 = 7.3 Hz, 2H, Im-4-ChLCH,); EI-MS (70 eV) m/z(%): 154 (M", 35); GH1oN20;,
(154.17).

Methyl 3-(1-trityl-1 H-imidazol-4-yl)propanoate (4.3’

To a suspension @f.2 (9.2 g, 48.3 mmol) and NE(19 ml, 136 mmol) in 120 ml MeCN
was added dropwise a solution of trityl chlorid® @, 54 mmol) in 120 ml MeCN under
external ice-cooling. After the addition was congte the mixture was allowed to warm
to room temperature and stirring was continued1farh. After removing the solvent
under reduced pressure, the resulting solid wgsesuked in 300 ml O and stirred for 1
h. The solid was filtrated and recrystallized frdny EtOH yielding4.3 (15.1 g, 79 %) as
white solid. mp 137C; *H-NMR (CDCk) & (ppm): 8.07 (dJ = 1.6 Hz, 1H, Im-2+),
7.41-7.07 (m, 15H, CRJ 6.77 (d,"J = 1.5 Hz, 1H, Im-34), 3.62 (s, 3H, O83), 3.08 (t,
3)=7.0 Hz, 2H, Im-4-El,), 2.87 (1% = 7.0 Hz, 2H, Im-4-CKCH,); EI-MS (70eV) m/z
(%): 396 (M™, 10); GeH24N20; (396.24).

3-(1-Trityl-1 H-imidazol-4-yl)propan-1-ol (4.4}’
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To a suspension of LIAIH(1.9 g, 50 mmol) in 75 ml freshly distilled THF @5 ml
Et,O/abs was added.3 (10.0 g, 25 mmol) in portions under argon atmosphend
cooling with ice. After the addition was completéide mixture was allowed to warm to
room temperature and refluxed for 2 h. The exceésbH, was decomposed by dropwise
addition of 0.1 N NaOH. The solution was extractesleral times with DCM, dried over
Mg,SO, and the solvent removed imacuo. The residue was purified by flash
chromatography (CH@MeOH 95/5 v/v) to obtai.4 (6.9 g, 74 %) as white solid. mp
138 °C;'H-NMR (CDCk) & (ppm): 7.76 (dJ = 1.4 Hz, 1H, Im-2+), 7.34-7.10 (m,
15H, CPh), 6.65 (d;*J = 1.5 Hz, 1H, Im-54), 3.71 (t,3) = 5.7 Hz, 2H, ®&,0H), 2.80 (t,
%) = 6.9 Hz, 2H, Im-4-€l,), 1.90 (m, 2H, Im-4-ChCH,); ES-MS (DCM/MeOH +
NH4OAc) m/z(%): 369 (MH', 60); GsH24N,0 (368.24).

3-(1-Trityl-1 H-imidazol-4-yl)propan-1-amine (4.6%°

4.5 (3.6 g, 10 mmol), phthalimide (1.4 g, 10 mmat}d PPk (2.5 g, 10 mmol) were
suspended in 100 ml THF/abs and cooled to 0 °CID(Aeq) was slowly added drop by
drop. After complete addition of DIAD, the mixturgas allowed to warm to room
temperature and stirred for 24 h. The solvent vemsoved under reduced pressure and
the crude product suspended in 60 ml EtOH. Thedrdmyne hydrate (2.4 ml, 5 mmol)
was added and the mixture was refluxed for 1 herAfboling to room temperature, the
precipitate was filtered off and the solvent evaped in vacuo. The residue was
subjected to flash chromatography (CelleOH/NEt 95/4/1 viviv) to obtaid.6 (2.1 g,
58 %) as yellow o0il*H-NMR (CDCk) & (ppm): 7.32-7.12 (m, 16H, Im-8 CPh), 6.52
(d,*3=1.2 Hz, 1H, Im-54), 2.74 (,°J = 6.9 Hz, 2H, EI,NH,), 2.59 (t,3 = 7.4 Hz, 2H,
Im-4-CH5), 1.78 (m, 2H, Im-4-CkCH,); ES-MS (DCM/MeOH + NHOAc) m/z (%):
368 (MH'", 100); GsH2sN3 (367.48).

tert-Butyl amino(benzyloxycarbonyl(3-(1-trityl-1H-imida zol-4-yl)propyl)amino)-
methylenecarbamate (4.7

The title compound was prepared according to liteea and by analogy with the
procedure described f&17 and3.18 (cf. chapter 3}.To a suspension @f.6 (1 eq),3.3
(1 eq) and HgGl (2 eq) in DCM/abs was added NHB eq) and stirred at ambient
temperature for 48 h. Subsequently, EtOAc was adaetithe precipitate filtered over
Celite. The crude product was purified by flashochatography (PE/EtOAc 80/20 v/v) to

give the Boc- and Cbz-protected guaniddnéas colorless foam-like solid in almost 100
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% yield. *H-NMR (CDChk) & (ppm): 7.47 (dJ = 1.2 Hz, 1H, Im-2H), 7.34-7.10 (m,
20H, CPh, Ar-H), 6.58 (s, 1H, Im-54), 5.11 (s, 2H, €,Ar), 3.40 (m, 2H, Gi,NH),
2.60 (1,3 = 7.6 Hz, 2H, Im-4-@l,), 1.87 (M, 2H, Im-4-ChCH,), 1.45 (s, 9H, C(B3)s);
ES-MS (DCM/MeOH + NHOAC) m/z (%): 644 (MH, 100); GoHaiNsO4 (643.77).

tert-Butyl amino(3-(1-trityl-1 H-imidazol-4-yl)propylamino)methylenecarbamate
(4.8Y°

The title compound was prepared frdn? (1.5 g, 2.33 mmol) by hydrogenation over 1 g
Pd/C (10 %) in a mixture of 60 ml THF/MeOH (1:1y #® days at 8 bar (TLC control).
After filtration over Celite and washing with MeOHhe solvent was removeéd vacuo to
yield 4.8 (1.05 g, 88 %) as colorless foam-like sofil-NMR (CDCk) & (ppm): 7.34-
7.10 (m, 16H, Im-24, CPh), 6.57 (s, 1H, Im-54), 3.41 (m, 2H, €&,NH), 2.56 (m, 2H,
Im-4-CH,), 1.86 (m, 2H, Im-4-ChCH,), 1.46 (s, 9H, C(83)s3); ES-MS (DCM/MeOH +
NH4OAc) m/z (%): 510 (MH, 100); G;HzsNO, (509.64).

4.5.1.3 Preparation of the N®-Boc-protected bivalent acylguanidines
4.9a-4.19a and 4.24a

General procedure for the synthesis of Boc-protectebivalent acylguanidines 4.9a-
4.19a

DIEA (1 eq) was added to a solution of pertineaddoxylic acid (0.5 eq), EDAC (1 eq)
and HOBt-monohydrate (1 eq) in DCM/abs under argod stirred for 15 min. A
solution 0f3.17, 3.180r 4.8 (1 eq) in DCM/abs was added and the mixture wiasedt
overnight at room temperature. The solvent was vethainder reduced pressure, EtOAc
and water were added to the residue, the orgarasepiwvas separated and the aqueous
layer extracted two times with EtOAc. After dryinger MgSQ, the organic solvent was
removedin vacuo. The crude product was purified by flash chromedpgy (PE/EtOAc
70/30-50/50 v/v) unless otherwise indicated.

N* N°-Bis((tert-butoxycarbonylamino){3-[2-(tert-butoxycarbonyl)amino-4-
methylthiazol-5-yl]propylamino}methylene)nonanedianide (4.9a)

The title compound was prepared from azelaic a&@4dnig, 0.5 mmol), EDAC (190 mg,
1 mmol), HOBt-monohydrate (150 mg, 1 mmol), DIEA.17 ml, 1 mmol) in 5 ml
DCM/abs and3.17 (410 mg, 1 mmol) in 5 ml DCM/abs according to theneral
procedure yieldingt.9a (270 mg, 56 %) as yellow-brown otH-NMR (CDCLk) & (ppm):
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3.45 (m, 4H, EIoNH), 2.71 (t,%) = 7.4 Hz, 4H, Thiaz-5-8,), 2.31 (m, 4H, CO8),),
2.20 (s, 6H, Thiaz-4-8B3), 1.88 (m, 4H, Thiaz-5-C}CH,), 1.66 (m, 4H, COCKCH,),
1.53 (s, 18H, C(B3)3), 1.50 (s, 18H, C(B3)3), 1.35 (m, 6H, (El,)s); ES-MS
(DCM/MeOH + NH,OAC) m/z (%): 980 (MH, 100); GsH7aN1¢g016S; (979.3).

N N&-Bis((tert-butoxycarbonylamino){3-[2-(tert-butoxycarbonyl)aminothiazol-5-yI]-
propylamino}methylene)octanediamide (4.10a)

The title compound was prepared from octanedioid & mg, 0.4 mmol), EDAC (153
mg, 0.8 mmol), HOBt-monohydrate (123 mg, 0.8 mmbIEA (0.14 ml, 0.8 mmol) in 5
ml DCM/abs and3.18 (320 mg, 0.8 mmol) in 5 ml DCM/abs according te tpeneral
procedure yieldingt.10a(170 mg, 45 %) as brown ofiH-NMR (CDCk) & (ppm): 7.01
(s, 2H, Thiaz-4H), 3.37 (t,3 = 7.14 Hz, 4H, €,NH), 2.77 (t,3 = 7.14 Hz, 4H, Thiaz-
5-CHy), 2.48 (t,3) = 7.41 Hz, 4H, COH),), 1.95 (m, 4H, Thiaz-5-C¥CH>), 1.67 (m, 4H,
COCH,CHy), 1.52 (s, 18H, C(B3)3), 1.47 (s, 18H, C(B3)3), 1.39 (m, 4H, (El,),); ES-
MS (DCM/MeOH + NHOAC) m/z (%): 937.5 (MHA, 100); GHesN10010S, (936.46).

N* N*°-Bis((tert-butoxycarbonylamino){3-[2-(tert-butoxycarbonyl)aminothiazol-5-
yl]propylamino}methylene)decanediamide (4.11a)

The title compound was prepared from decanedidat @® mg, 0.25 mmol), EDAC (95
mg, 0.5 mmol), HOBt-monohydrate (77 mg, 0.5 mmbIiA (0.08 ml, 0.5 mmol) in 5
ml DCM/abs and3.18 (200 mg, 0.5 mmol) in 5 ml DCM/abs according to teneral
procedure yieldingt.11a(200 mg, 54 %) as brown ofiH-NMR (CDCk) & (ppm): 7.04
(s, 2H, Thiaz-4H), 3.48 (m, 4H, €,NH), 2.79 (m, 4H, Thiaz-5-8,), 2.34 (m, 4H,
COCHy), 1.93 (m, 4H, Thiaz-5-C¥CH,), 1.65 (m, 4H, COCKCH,), 1.56 (s, 18H,
C(CH3)3), 1.50 (s, 18H, C(B3)s3), 1.32 (m, 8H, (El,),); ES-MS (DCM/MeOH +
NH4OAC) m/z (%): 965.5 (MH, 100); G4H72N10010S; (964.5).

N N*°-Bis((tert-butoxycarbonylamino){3-[2-(tert-butoxycarbonyl)aminothiazol-5-
yl]propylamino}methylene)hexadecanediamide (4.12a)

The title compound was prepared from hexadecaredmd (70 mg, 0.25 mmol), EDAC
(95 mg, 0.5 mmol), HOBt-monohydrate (77 mg, 0.5 MpdIEA (0.08 ml, 0.5 mmol) in
5 ml DCM/abs an.18(200 mg, 0.5 mmol) in 3 ml DCM/abs according to emeral
procedure yieldingt.12a(160 mg, 62 %) as brown ofiH-NMR (CDCk) & (ppm): 7.06
(s, 2H, Thiaz-4H), 3.48 (m, 4H, E,NH), 2.81 (1,3 = 7.14 Hz, 4H, Thiaz-5-8,), 2.38
(t, %3 = 6.9 Hz, 4H, COEl,), 1.93 (m, 4H, Thiaz-5-C¥CH>), 1.66 (m, 4H, COCHCH.),
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1.57 (s, 18H, C(B3)3), 1.50 (s, 18H, C(B3)s), 1.35-1.29 (m, 20H, (82)w); ES-MS
(DCM/MeOH + NHOAC) m/z (%): 1049.7 (ME 100); GoHsaN10016S, (1048.58).

N* N#-Bis((tert-butoxycarbonylamino){3-[2-(tert-butoxycarbonyl)aminothiazol-5-
yl]propylamino}methylene)docosanediamide (4.13a)

The title compound was prepared from docosanedioid (77 mg, 0.25 mmol), EDAC
(95 mg, 0.5 mmol), HOBt-monohydrate (77 mg, 0.5 fjrdIEA (0.08 ml, 0.5 mmol) in
5 ml DCM/abs an@.18 (200 mg, 0.5 mmol) in 5 ml DCM/abs according te tieneral
procedure yieldingt.13a(230 mg, 80 %) as brown ofiH-NMR (CDCk) & (ppm): 7.06
(s, 2H, Thiaz-4H), 3.48 (m, 4H, E,NH), 2.80 (m, 4H, Thiaz-5-8,), 2.39 (1) = 7.4
Hz, 4H, CO®,), 1.93 (m, 4H, Thiaz-5-C}CH,), 1.66 (m, 4H, COCKCH,), 1.57 (s,
18H, C(MH3)3), 1.50 (s, 18H, C(B3)3), 1.35-1.24 (m, 32H, (B2)16); ES-MS
(DCM/MeOH + NH,0OAc) m/z (%): 1133.7 (MH 100); GeHoeN1¢010S, (1132.68).

N* NC-Bis{(tert-butoxycarbonylamino)[3-(1-trityl-1 H-imidazol-4-yl)propylamino]-
methylene}hexanediamide (4.14a)

The title compound was prepared from hexanediait @O mg, 0.4 mmol), EDAC (150
mg, 0.8 mmol), HOBt-monohydrate (110 mg, 0.8 mmbIEA (0.14 ml, 0.8 mmol) in 5
ml DCM/abs and4.8 (420 mg, 0.8 mmol) in 3 ml DCM/abs according te tpeneral
procedure (flash chromatography CH®leOH 95/5 v/v) yieldingt.14a(150 mg, 42 %)
as yellow oil.'H-NMR (CDCk) & (ppm): 7.33-7.12 (m, 32H, Im-B; CPh), 6.54 (m,
2H, Im-5H), 3.47 (m, 4H, El.NH), 2.60 (t,] = 7.7 Hz, 4H, Im-4-@,), 2.34 (m, 4H,
COCHy), 1.90 (m, 4H, Im-4-CkCH;), 1.63 (m, 4H, (El,),), 1.51 (s, 18H, C(83)3);
ES-MS (DCM/MeOH + NHOAC) m/z (%): 1129 (MH, 100); GgH76N100s (1129.39).

N* N’-Bis{(tert-butoxycarbonylamino)[3-(1-trityl-1 H-imidazol-4-yl)propylamino]-
methylene}heptanediamide (4.15a)

The title compound was prepared from heptanedioid €66 mg, 0.35 mmol), EDAC
(135 mg, 0.7 mmol), HOBt-monohydrate (107 mg, Oriiat), DIEA (0.12 ml, 0.7 mmol)
in 5 ml DCM/abs and.8 (360 mg, 0.7 mmol) in 3 ml DCM/abs according te tieneral
procedure (flash chromatography CH®eOH 95/5 v/v) yieldingd.15a(300 mg, 75 %)
as yellow oil.'H-NMR (CDCk) & (ppm): 7.36-7.16 (m, 32H, Im-B CPh), 6.36 (m,
2H, Im-5H), 3.38 (m, 4H, E,NH), 2.83 (t,°J = 7.7 Hz, 4H, Im-4-€@l,), 2.49 (m, 4H,
COCH,), 1.98 (m, 4H, Im-4-CbCH>), 1.69 (m, 4H, (®l,),), 1.50 (s, 18H, C(B3)3),
1.42 (m, 2H, El,); CsoH78N1006 (1143.42).
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N* N&-Bis{(tert-butoxycarbonylamino)[3-(1-trityl-1 H-imidazol-4-yl)propylamino]-
methylene}octanediamide (4.16a)

The title compound was prepared from octanedioid & mg, 0.4 mmol), EDAC (150
mg, 0.8 mmol), HOBt-monohydrate (110 mg, 0.8 mmbIEA (0.14 ml, 0.8 mmol) in 5
ml DCM/abs and4.8 (420 mg, 0.8 mmol) in 5 ml DCM/abs according te tpeneral
procedure (flash chromatography CH®leOH 95/5 v/v) yieldingd.16a(170 mg, 36 %)
as yellow-brown oil’H-NMR (CDCk) & (ppm): 7.35-7.17 (m, 32H, Im-B; CPh), 6.52
(m, 2H, Im-5H), 3.46 (m, 4H, El,NH), 2.61 (m, 4H, Im-4-El,), 2.35 (m, 4H, CO8),),
1.89 (m, 4H, Im-4-CHCH>), 1.63 (m, 4H, COCKCH,), 1.51 (s, 18H, C(83)3), 1.32 (m,
4H, (CH>),); ES-MS (DCM/MeOH + NHOAC) m/z (%): 1157 (MH, 100); GoHgoN1¢Os
(1157.45).

N* N°-Bis{(tert-butoxycarbonylamino)[3-(1-trityl-1 H-imidazol-4-yl)propylamino]-
methylene}nonanediamide (4.17a)

The title compound was prepared from nonanediadt @5 mg, 0.5 mmol), EDAC (190
mg, 1.0 mmol), HOBt-monohydrate (155 mg, 1.0 mmbIgA (0.17 ml, 1.0 mmol) in 5
ml DCM/abs and4.8 (510 mg, 1.0 mmol) in 5 ml DCM/abs according te tpeneral
procedure (flash chromatography CH®leOH 95/5 v/v) yieldingt.17a(470 mg, 80 %)
as yellow-brown oil’*H-NMR (CDCE) & (ppm): 7.37-7.12 (m, 32H, Im-B; CPh), 6.57
(m, 2H, Im-5H), 3.39 (m, 4H, @,.NH), 2.83 (t,%J = 7.7 Hz, 4H, Im-4-El,), 2.47 (m,
4H, COMy), 1.98 (m, 4H, Im-4-CBCH,), 1.66 (m, 4H, COCKCH,), 1.50 (s, 18H,
C(CH3)3), 1.37 (M, 6H, (€l2)s); CraHg2N1006 (1171.47).

N* N*°-Bis{(tert-butoxycarbonylamino)[3-(1-trityl-1 H-imidazol-4-yl)propylamino]-
methylene}lhexadecanediamide (4.18a)

The title compound was prepared from hexadecaredmd (90 mg, 0.33 mmol), EDAC
(126 mg, 0.66 mmol), HOBt-monohydrate (100 mg, Onf@®ol), DIEA (0.11 ml, 0.66
mmol) in 5 ml DCM/abs and.8 (340 mg, 0.66 mmol) in 5 ml DCM/abs accordinghe t
general procedure (flash chromatography GHNBOH 95/5 v/v) yielding4.18a (380
mg, 88 %) as yellow oil. ES-MS (DCM/MeOH + NBIAc) m/z (%): 1270 (MH, 100);
CrgHosN 1006 (1269.66).

N* N#%-Bis{(tert-butoxycarbonylamino)[3-(1-trityl-1 H-imidazol-4-yl)propylamino]-
methylene}docosanediamide (4.19a)
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The title compound was prepared from docosanedioid (93 mg, 0.25 mmol), EDAC
(95 mg, 0.5 mmol), HOBt-monohydrate (77 mg, 0.5 jrdIEA (0.08 ml, 0.5 mmol) in

5 ml DCM/abs andi.8 (255 mg, 0.5 mmol) in 5 ml DCM/abs according te tieneral

procedure (flash chromatography CH®eOH 98/2 v/v) yieldingd.19a(150 mg, 44 %)

as yellow oil. ES-MS (DCM/MeOH + NMDAc) m/z (%): 1354.2 (MH 20), 677.4

((M+2H)**, 100); GaH108N1006 (1353.82).

N* N*°-Bis{amino[3-(1-trityl-1 H-1,2,4-triazol-5-yl)propylamino]-
methylene}decanediamide (4.24a)

To a solution of CDI (195 mg, 1.2 mmol) in DMF (7)ndecanedioic acid (100 mg, 0.5
mmol) was added and the mixture was stirred undgorafor 1 h. In a second flask,
4.23® (410 mg, 1 mmol) and NaH (60 % dispersion in (80 mg, 2 mmol) in DMF (7
ml) under argon was heated to 30-35 °C for 45 mohwaas then allowed to cool to room
temperature. The two mixtures were combined amcedtfor 5 h at ambient temperature.
The solvent was removeth vacuo and the crude product was purified by flash
chromatography (CH@MeOH/NH; 95/3/2 viviv) to obtaid.24a(300mg, 60 %) as pale
white foam-like solid*H-NMR (CDs;OD) & (ppm): 8.01 (s, 2H, Triaz-BH, 7.37-7.05 (m,
30H, CPh), 3.14 (t,% = 7.6 Hz, 4H, EI,NH), 2.88 (m, 4H, Triaz-5-85), 2.41 (t,%) =
7.5 Hz, 4H, CO€El,), 1.96 (m, 4H, Triaz-5-C$CH,), 1.63 (m, 4H, COCHKCH>), 1.29
(m, 8H, (H,)s). ES-MS (DCM/MeOH + NHOAC) m/z (%): 987.7 (MH, 10), 494.4
((M+2H)%*, 100); GoHesN120, (987.25).

4.5.1.4 Preparation of the deprotected acylguanidas 4.9-4.19 and 4.24

General procedure

To a solution of the protected acylguanidineSa-4.19aand 4.24ain DCM/abs was
added TFA (20 %) and stirred at ambient temperatuté the protecting groups (Boc,
Trt) were removed (3-5 h) (TLC control). Subseqlyenthe solvent was removeith
vacuo and the residue was purified by preparative RP-EIPAIl compounds were
obtained as trifluoroacetic acid salts.

N*,N°-Bis{[3-(2-amino-4-methylthiazol-5-yl)propylamino](@amino)methylene}nonane-
diamide (4.9)

The title compound was prepared frdn®a (180 mg, 0.18 mmol) in 5 ml DCM/abs and 1
ml TFA according to the general procedure yieldihg (100 mg, 54 %) as colorless

129



Chapter 4

foam-like solid.*H-NMR (CDsOD) & (ppm): 3.35 (t3J = 7.1 Hz, 4H, E1,NH), 2.71 (t,°J
= 7.4 Hz, 4H, Thiaz-5-85), 2.47 (t,°J = 7.7 Hz, 4H, COEl,), 2.18 (s, 6H, Thiaz-4-
CH3), 1.90 (m, 4H, Thiaz-5-C¥CH,), 1.66 (m, 4H, COCLCH>), 1.37 (m, 6H, (El2)s3);
3C-NMR (CD;OD) & (ppm): 177.38 (quatC=0), 170.37 (quat. Thiaz-2), 157.13
(quat. C=NH), 132.59 (quat. Thiaz-@), 118.44 (quat. Thiaz-&), 41.60 (-,CH2NH),
37.74 (-, C@Hy,), 29.82 (-, Thiaz-5-CkCH,), 25.40 (-, COCHCH,), 23.62 (-, Thiaz-5-
CH,), 11.45 (+, Thiaz-42H3); HREIMS: mVz for ([CasHa2N1g0:S, + HJY) calcd.
579.3012, found 579.3010; prep. HPLC: MeCN/0.1% 7&€A (20/80-50/50); anal.
HPLC: k'= 2.08 (& = 10.22 min, column A), purity = 92 %:;,6H4:N100,S, - 4TFA
(1034.37).

N*,N&-Bis{[3-(2-aminothiazol-5-yl)propylamino](amino)methylene}octanediamide
(4.10)

The title compound was prepared frdmi0a(170 mg, 0.18 mmol) in 5 ml DCM/abs and
1 ml TFA according to the general procedure yiejdiril0 (160 mg, 90 %) as brown oil.
'H-NMR (CDs;OD) & (ppm): 7.01 (s, 2H, Thiaz-#h), 3.37 (t,°J = 7.1 Hz, 4H, E,NH),
2.77 (t,°J = 7.1 Hz, 4H, Thiaz-5-B,), 2.48 (t,] = 7.4 Hz, 4H, COE,), 1.95 (m, 4H,
Thiaz-5-CHCH,), 1.67 (m, 4H, COCKCH>), 1.39 (m, 4H, (El,)2). **C-NMR (CD;0D)

d (ppm): 176.47 (quatC=0), 172.43 (quat. Thiaz-€), 155.92 (quatC=NH), 125.54
(quat. Thiaz-52), 123.27 (+, Thiaz-45), 40.66 (-,CH.NH), 36.83 (-, C@H,), 28.80 (-,
CHy), 28.74 (-, Thiaz-5-CHCH,), 24.40 (-, Thiaz-32H,), 24.08 (-, COCHKCH,).
HRLSIMS: mVz for ([C2:H3sN100,S, + H]") caled. 537.2542, found 537.2546; prep.
HPLC: MeCN/0.1% TFA/aq (10/90-50/50); anal. HPLC=K..61 (k = 8.66 min, column
A), purity = 95 %; GoH3eN100,S; - 4TFA (992.33).

N*,N*°-Bis{[3-(2-aminothiazol-5-yl)propylamino](amino)methylene}decanediamide
(4.11)

The title compound was prepared frdmi1a(200 mg, 0.2 mmol) in 5 ml DCM/abs and 1
ml TFA according to the general procedure vyieldhgl (100 mg, 49 %) as yellow-
brown oil. 'H-NMR (CDsOD) & (ppm): 7.01 (s, 2H, Thiaz-#h, 3.37 (t,3 = 7.1 Hz, 4H,
CH,NH), 2.77 (t,J = 7.1 Hz, 4H, Thiaz-5-85), 2.47 (t,3J = 7.4 Hz, 4H, CO8)), 1.95
(m, 4H, Thiaz-5-CHCH>), 1.65 (m, 4H, COCKCH>), 1.35 (m, 8H, (El2)s). *C-NMR
(CD3OD) 6 (ppm): 176.47 (quaC=0), 172.43 (quat. Thiaz-€), 155.92 (quatC=NH),
125.55 (quat. Thiaz-&), 123.27 (+, Thiaz-4£), 40.66 (-,CH,NH), 36.83 (-, C@H,),
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30.43 (-,CHy), 28.80 (-,CH,), 28.74 (-, Thiaz-5-CHCH,), 24.41 (-, Thiaz-32H,), 24.08
(-, COCHCH,). HRLSIMS: mVz for ([Co4H4oN1002S, + HJ) caled. 565.2855, found
565.2855; prep. HPLC: MeCN/0.1% TFA/aq (10/90-5¢/%Mal. HPLC: k'= 2.13 #t=
10.37 min, column A), purity = 100 %;26H40N100.S;, - 4TFA (1020.36).

N N*°-Bis{[3-(2-aminothiazol-5-yl)propylamino](amino)methylene}hexadecane-
diamide (4.12)

The title compound was prepared frdmi2a(150 mg, 0.14 mmol) in 5 ml DCM/abs and
1 ml TFA according to the general procedure yigdini2 (80 mg, 52 %) as brown oil.
'H-NMR (CDsOD) & (ppm): 7.01 (s, 2H, Thiaz-#h, 3.37 (1,3 = 7.1 Hz, 4H, EI,NH),
2.77 (1,3 = 7.41 Hz, 4H, Thiaz-5-8,), 2.46 (1) = 7.41 Hz, 4H, CO8,), 1.95 (m, 4H,
Thiaz-5-CHCH,), 1.65 (m, 4H, COCKCH,), 1.37 (m, 8H, (El)s), 1.29 (m, 12H,
(CH2)e). *C-NMR (CD;0D) & (ppm): 177.40 (quatC=0), 171.81 (quat. Thiaz-@),
155.34 (quat.C=NH), 126.36 (quat. Thiaz-6), 123.37 (+, Thiaz-£), 41.49 (-,
CH,NH), 37.80 (-, C@H,), 30.82 (-,CH,), 30.77 (-,CH,), 30.64 (-,CH,), 30.43 (-,
CH,), 30.06 (-,CH,), 29.51 (-, Thiaz-5-CHCH,), 25.49 (-, Thiaz-32H,), 24.89 (-,
COCH,CH,). HRLSIMS: mvz for ([CagHs2N1g0.S, + H]") calcd. 649.3794, found
649.3779; prep. HPLC: MeCN/0.1% TFA/aq (20/80-5Q/%hal. HPLC: k'= 3.64t=
15.40 min, column A), purity = 99 %;3@H5.N100,S; - 4TFA (1104.45).

N* N#-Bis{[3-(2-aminothiazol-5-yl)propylamino](amino)methylene}docosane-
diamide (4.13)

The title compound was prepared frdmi3a(230 mg, 0.19 mmol) in 5 ml DCM/abs and
1 ml TFA according to the general procedure yigddhil3 (120 mg, 53 %) as colorless
oil. '"H-NMR (CDs;OD) & (ppm): 7.01 (s, 2H, Thiaz-#), 3.37 (t,°J = 7.1 Hz, 4H,
CH,NH), 2.77 (t,3) = 7.4 Hz, 4H, Thiaz-5-85), 2.46 (t,°J = 7.4 Hz, 4H, COEl,), 1.96
(m, 4H, Thiaz-5-CHCH>), 1.65 (m, 4H, COCKCH>), 1.37-1.26 (m, 32H, (8,)1¢). *°C-
NMR (CDs0OD) 6 (ppm): 177.42 (quatC=0), 171.83 (quat. Thiaz-2), 155.35 (quat.
C=NH), 126.35 (quat. Thiaz-6), 123.34 (+, Thiaz-4), 41.47 (-,CH,NH), 37.79 (-,
COCHy), 30.84 (-,CH,), 30.76 (-,CHy), 30.62 (-,CH,), 30.42 (-,CH,), 30.05 (-,CHy),
29.50 (-, Thiaz-5-CHCHy,), 25.49 (-, Thiaz-82H,), 24.89 (-, COCHCH,). HRLSIMS:
m/z for ([CaeHesN100-S, + HJ]") calcd. 733.4733, found 733.4728; prep. HPLC:
MeCN/0.1% TFA/ag (20/80-50/50); anal. HPLC: k'=5.@z = 20.63 min, column A),
purity = 99 %; GeHeaN1d0:S; - 4TFA (1188.55).
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N* N®-Bis{[3-(1H-imidazol-4-yl)propylamino](amino)methylene}hexanedamide

(4.14)

The title compound was prepared fregnid4a (120 mg, 0.10 mmol) in 10 ml DCM/abs
and 2 ml TFA according to the general procedurédiig 4.14 (20 mg, 22 %) as pale
brown oil. 'H-NMR (CDs;OD) & (ppm): 8.80 (d*J = 1.1 Hz, 1H, Im-2H), 7.36 (s, 2H,
Im-5-H), 3.38 (1,23 = 6.9 Hz, 4H, Ei,NH), 2.84 (t,J = 7.7 Hz, 4H, Im-4-@l,), 2.53 (m,
4H, COM,), 2.03 (m, 4H, Im-4-ChCH>), 1.72 (m, 4H, COCKCH,); *C-NMR
(CD30OD) 6 (ppm): 177.35 (quaC=0), 155.41 (quatC=NH), 134.94 (+, Im-22), 134.32
(quat. Im-4€), 117.15 (+, Im-52), 41.54 (-,CH;NH), 37.24 (-, C@H,), 27.99 (-, Im-4-
CH,CHy), 24.53 (-, COCHKHCHy), 22.58 (-, Im-4€H,); HRLSIMS: nVz for ([C20H32N1002

+ HJ]") calcd. 445.2788, found 445.2794; prep. HPLC: M&CNb6 TFA/aq (10/90-
35/65); anal. HPLC: k'= 0.92(t= 6.36 min, column B), purity = 96 %;,§13,N100; -
4TFA (900.61).

N* N’-Bis{[3-(1H-imidazol-4-yl)propylamino](amino)methylene}heptanaliamide
(4.15)

The title compound was prepared fregni5a (300 mg, 0.26 mmol) in 10 ml DCM/abs
and 2 ml TFA according to the general procedurddiyig 4.15 (178 mg, 75 %) as
colorless foam-like solidtH-NMR (CDs;OD) & (ppm): 8.80 (s, 1H, Im-24), 7.36 (s, 2H,
Im-5-H), 3.38 (t,3 = 7.1 Hz, 4H, ®,NH), 2.83 (t,%J = 7.7 Hz, 4H, Im-4-El,), 2.49 (t,
3)=7.4 Hz, 4H, COEl,), 2.03 (m, 4H, Im-4-ChCH,), 1.69 (m, 4H, COChCH>), 1.42
(m, 2H, H,); *C-NMR (CD;0D) & (ppm): 177.24 (quat=0), 155.40 (quatC=NH),
134.97 (+, Im-2€), 134.32 (quat. Im-4£), 117.13 (+, Im-52), 41.54 (-,CH,NH), 37.46
(-, COCHy), 29.20 (-, COCHCH,CH,), 27.96 (-, Im-4-CHCH,), 25.02 (-, COCHCHy,),
22.55 (-, Im-4€H,); HRLSIMS: m/z for ([C21H3N1gO» + HJ) calcd. 459.2944, found
459.2955; prep. HPLC: MeCN/0.1% TFA/aq (10/90-3%/@émal. HPLC: k'= 1.11 ft=
7.01 min, column A), purity = 90 %;4H34N100, - 4TFA (914.64).

N*,N&-Bis{[3-(1H-imidazol-4-yl)propylamino](amino)methylene}octanedamide

(4.16)

The title compound was prepared fregni6a (150 mg, 0.13 mmol) in 10 ml DCM/abs
and 2 ml TFA according to the general procedurédyig 4.16 (28 mg, 23 %) as pale
brown oil. *H-NMR (CDsOD) & (ppm): 8.80 (s, 2H, Im-24), 7.36 (s, 2H, Im-34), 3.38
(t, 3 = 6.9 Hz, 4H, ®,NH), 2.84 (1,3 = 7.7 Hz, 4H, Im-4-El,), 2.48 (t,°J = 7.4 Hz,
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4H, COM,), 2.03 (m, 4H, Im-4-ChCH,), 1.67 (m, 4H, COCKCH,), 1.36 (m, 4H,
(CH>),); *C-NMR (CD;0D) & (ppm): 177.35 (quat=0), 155.41 (quaiC=NH), 134.96
(+, Im-2-C), 134.32 (quat. Im-4), 117.13 (+, Im-5¢), 41.54 (-,CH,NH), 37.64 (-,
COCHy), 29.60 (-, COCKCH,CHy), 27.97 (-, Im-4-CHCH,), 25.22 (-, COCHCHy,),
22.55 (-, Im-4€H,); HRLSIMS: mVz for ([C2H3eN10O2 + HJ') caled. 473.3101, found
473.3108; prep. HPLC: MeCN/0.1% TFA/aq (10/90-3%/@émal. HPLC: k'= 1.35 ft=
7.81 min, column A), purity = 95 %;&H3sN100, - 4TFA (928.67).

N* N°-Bis{[3-(1H-imidazol-4-yl)propylamino](amino)methylene}nonanedamide

(4.17)

The title compound was prepared fregni7a (150 mg, 0.13 mmol) in 10 ml DCM/abs
and 2 ml TFA according to the general procedurédiyig 4.17 (10 mg, 10 %) as pale
yellow oil. '*H-NMR (CD;OD) & (ppm): 8.81 (s, 2H, Im-24), 7.37 (s, 2H, Im-54), 3.39
(t, 3] = 7.2 Hz, 4H, E®I,NH), 2.83 (1,3 = 7.7 Hz, 4H, Im-4-@,), 2.47 (1,3 = 7.4 Hz,
4H, COM,), 2.03 (m, 4H, Im-4-ChkCH,), 1.66 (m, 4H, COCKCH,), 1.37 (m, 4H,
(CH»)3); °C-NMR (CD;0D) & (ppm): 175.14 (quaC=0), 155.40 (quatC=NH), 134.97
(+, Im-2-C), 134.33 (quat. Im-£), 117.13 (+, Im-5€), 41.55 (-,CH.NH), 37.71 (-,
COCHy), 29.81 (-, COCHKHCH,CH,), 27.77 (-, Im-4-CHCH,), 25.39 (-, COCHKCH,),
22.56 (-, Im-4€H,); HRLSIMS: mVz for ([C2aH3gN10O2 + HJ") calcd. 487.3257, found
487.3246; prep. HPLC: MeCN/0.1% TFA/aqg (10/90-3%/&mal. HPLC: k'= 1.63 #t=
8.74 min, column A), purity = 90 %;26H3sN100, - 4TFA (942.69).

N* N*°-Bis{[3-(1H-imidazol-4-yl)propylamino](amino)methylene}hexadeane-

diamide (4.18)

The title compound is was prepared frdmi8a (200 mg, 0.16 mmol) in 10 ml DCM/abs
and 2 ml TFA according to the general procedurédiig 4.18 (50 mg, 30 %) as pale
yellow oil. *H-NMR (CDs;OD) & (ppm): 8.81 (d*J = 1.37 Hz, 2H, Im-H), 7.37 (s, 2H,
Im-5-H), 3.38 (1,3 = 6.861 Hz, 4H, E,NH), 2.84 (1% = 7.7 Hz, 4H, Im-4-€l,), 2.47
(t, 33 = 7.4 Hz, 4H, CO8>), 2.03 (m, 4H, Im-4-ChCH>), 1.65 (m, 4H, COCKCH)),
1.38-1.27 (m, 20H, (8,)10); **C-NMR (CD;0OD) & (ppm): 177.43 (quaiC=0), 134.98
(+, Im-2-C), 134.32 (quat. Im-€), 117.12 (+, Im-5€), 41.56 (-,CH,NH), 37.79 (-,
COCHy), 30.82 (-,CH,), 30.77 (-,CH), 30.63 (-,CH,), 30.43 (-, COCKCH,CH,CH,),
30.06 (-, COCHCH,CH,), 27.96 (-, Im-4-CHCH), 25.50 (-, COCKLICH,), 22.55 (-, Im-
4-CH,); HRLSIMS: m/z for ([C30Hs2N1¢O0- + H]) caled. 585.4353, found 585.4350; prep.
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HPLC: MeCN/0.1% TFA/aq (10/90-35/65); anal. HPLC=k3.44 (k = 14.75 min,
column A), purity = 99 %; eHs2N100, - 4TFA (1040.88).

N* N?-Bis{[3-(1H-imidazol-4-yl)propylamino](amino)methylene}docosaediamide
(4.19)

The title compound is was prepared frdrmi9a (150 mg, 0.12 mmol) in 10 ml DCM/abs
and 2 ml TFA according to the general procedurédiyig 4.19 (25 mg, 31 %) as yellow
oil. *H-NMR (CD;0OD) & (ppm): 8.82 (dJ = 1.10 Hz, 2H, Im-H), 7.37 (s, 2H, Im-5-
H), 3.39 (t,°J = 6.861 Hz, 4H, 6,NH), 2.84 (1,3 = 7.41 Hz, 4H, Im-4-6,), 2.47 (t,)
= 7.41 Hz, 4H, CO8)), 2.03 (m, 4H, Im-4-Ch{CH,), 1.65 (m, 4H, COCKCH,), 1.34—
1.26 (m, 32H, (Bl,)16); “*C-NMR (CD;OD, 400 MHz, HSQC, HMQC} (ppm): 177.32
(quat.C=0), 135.00 (+, Im-Z2), 134.32 (quat. Im-4£), 117.08 (+, Im-5€), 41.60 (-,
CH2NH), 37.79 (-, C@H,), 30.85 (-,CH,), 30.81 (-,CH,), 30.76 (-,CH,), 30.61 (-,
CHy), 30.42 (-, COCKHCH,CH,CH,), 30.05 (-, COCHCH,CH,), 27.93 (-, Im-4-
CH,CHy), 25.45 (-, COCHKCHy), 22.55 (-, Im-4€H,); HRLSIMS: nVz for ([C3eHe4N1002
+ HJ]") calcd. 669.5292, found 669.5291; prep. HPLC: M&CNb6 TFA/aq (10/90-
35/65); anal. HPLC: k'= 4.91(t 19.61 min, column A), purity = 96 %;36Hs4N100; -
4TFA (1125.04).

N* N*°-Bis{[3-(1H-1,2,4-triazol-5-yl)propylamino](amino)methylene}deanediamide
(4.24)

The title compound was prepared fregn24a (300 mg, 0.31 mmol) in 10 ml DCM/abs
and 2 ml TFA according to the general procedurédyig 4.24 (85 mg, 29 %) as pale
yellow oil. '"H-NMR (CDsOD) & (ppm): 8.54 (s, 2H, Triaz-B), 3.42 (t,J = 7.2 Hz, 4H,
CH,NH), 2.94 (t,3 = 7.4 Hz, 4H, Triaz-5-85), 2.46 (t,*J = 7.4 Hz, 4H, COE),), 2.11
(m, 4H, Triaz-5-CHCH,), 1.66 (m, 4H, COCKCH>), 1.36 (m, 4H, (El.),); “*C-NMR
(CDs0D) & (ppm): 177.22 (quatC=0), 163.55 (quat. Triaz-6), 155.41 (quatC=NH),
138.37 (+, Triaz-3), 41.62 (-,CH;NH), 37.79 (-, C@H,), 30.19 (-,CH,), 29.96 (-,
CHy), 26.90 (-, Triaz-5-CbCH,), 25.41 (-, COCHKCH,), 24.11 (-, Triaz-52H,).
HRLSIMS: mvz for ([C2:H3sN120, + H]) caled. 503.3319, found 503.3304; prep. HPLC:
MeCN/0.1% TFA/aq (20/80-50/50); anal. HPLC: k'=7.@z = 7.41 min, column B),
purity = 100 %; GyH3sN;1.0, - 4TFA (958.7).
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4.5.1.5 Separation of the deprotected acylguanidisetl.20-4.22

6-{[3-(1H-imidazol-4-yl)propylamino](amino)methyleneamino}-6-oxohexanoic acid
(4.20)

The title compound was separated as side-produthgdihe purification of4.14 by
preparative HPLC4.20 (5 mg, 10 pmol) was obtained as white foam-likiddsdH-NMR
(CDsOD) & (ppm): 8.78 (d?J = 1.1 Hz, 1H, Im-24), 7.36 (s, 1H, Im-34), 3.39 (t,%) =
6.9 Hz, 2H, G1,NH), 2.84 (13 = 7.7 Hz, 2H, Im-4-€l,), 2.51 (31 = 6.9, 2H, COGEl,),
2.33 (t, %) = 6.9, 2H, ®,COOH), 2.03 (m, 2H, Im-4-C¥CH,), 1.67 (m, 4H,
COCH,CH,); **C-NMR (CD;0D) & (ppm): 177.02 (quaiC=0), 155.34 (quatC=NH),
135.04 (+, Im-2€), 134.44 (quat. Im-4), 117.11 (+, Im-5€), 41.62 (-,CH,NH), 37.37
(-, COCHy), 34.47 (-,CH,COOH), 27.98 (-, Im-4-CkCH,), 25.25 (-, COCKCH,), 24.83
(-, CH2CH,COOH), 22.63 (-, Im-42H,); HRLSIMS: m/z for ([C1aH2:NsO3 + HJ") calcd.
296.1723, found 296.1731; prep. HPLC: MeCN/0.1% 7&€A (10/90-35/65); anal.
HPLC: k'=0.53 (& = 4.09 min, column B), purity = 100 %34E1,:NsO3 - 2TFA (523.38).

8-{[3-(1H-imidazol-4-yl)propylamino](amino)methyleneamino}-8oxooctanoic
acid(4.21)

The title compound was separated as side-produthgdihe purification of4.16 by
preparative HPLC4.21 (12 mg, 22 umol) was obtained as white foam-likéds *H-
NMR (CDsOD) & (ppm): 8.82 (d#J = 1.4 Hz, 1H, Im-2+), 7.37 (s, 1H, Im-34), 3.39 (t,
%) = 7.1 Hz, 2H, ©,NH), 2.84 (t,) = 7.7 Hz, 2H, Im-4-€l,), 2.48 (1,3 = 7.4, 2H,
COCH)), 2.29 (t,3J = 7.1, 2H, ®,COOH), 2.03 (m, 2H, Im-4-C}CH>), 1.64 (m, 4H,
COCHCH,), 1.38 (m, 4H, (€l,),); *C-NMR (CD;0OD) & (ppm): 177.62 (quaiC=0),
177.32 (quatC=0), 149.12 (quatC=NH), 135.01 (+, Im-22), 134.32 (quat. Im-4£),
117.13 (+, Im-5€), 41.58 (-,CH,NH), 37.67 (-, C@H,), 34.81 (- CH,COOH), 29.83 (-,
CHy), 29.60 (-, CHp), 27.97 (-, Im-4-CHCH,), 25.84 (-, COCHKCH,), 25.22 (-,
CH,CH,COOH), 22.55 (-, Im-42H,); HRLSIMS: m/z for ([C1sH2sNsOs + H]) calcd.
324.2036, found 324.2037; prep. HPLC: MeCN/0.1% 7M&eA (10/90-35/65); anal.
HPLC: k'=1.42 (& = 6.48 min, column B), purity = 91 %;£H»sNs03 - 2TFA (551.43).

22-{[3-(1H-imidazol-4-yl)propylamino](amino)methyleneamino}-2-oxodocosanoic
acid (4.22)

The title compound was separated as side-produthgduhe purification of4.19 by
preparative HPLC4.22 (10 mg, 13 pumol) was obtained as white foam-likéds *H-
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NMR (CDs;OD) & (ppm): 8.80 (d?J = 1.1 Hz, 1H, Im-2H), 7.36 (s, 1H, Im-54), 3.39 (t,
%) = 7.1 Hz, 2H, ©,NH), 2.83 (t,] = 7.7 Hz, 2H, Im-4-€@l,), 2.47 (% = 7.4, 2H,
COCH,), 2.27 (t,3) = 7.1, 2H, ®1,COOH), 2.03 (m, 2H, Im-4-C}CH,), 1.62 (m, 4H,
COCH,CH>), 1.29 (m, 32H, (El2)1¢); HRLSIMS: m/z for ([CagHs3NsOs + HJ") calcd.
520.4223, found 520.4218; prep. HPLC: MeCN/0.1% 7E&€A (10/90-35/65); anal.
HPLC: k'=4.39 (& = 15.57 min, column B), purity = 97 %3&153Ns03 - 2TFA (747.8).

4.5.2 Pharmacological methods
4.5.2.1 Materials
See section 3.5.2.1

4.5.2.2 Determination of histamine receptor agonisrand antagonism in
GTPase and GTRS binding assays

Generation of recombinant baculoviruses, cell cultte and membrane preparation
Recombinant baculoviruses encoding humaR,Ha fusion protein of the humanRi
with Gas, a fusion protein of the guinea pigRiwith Gsis, the human kR, a fusion
protein of the human R with RGS19 as well as four fusion proteins of amitHRs
with Gaus (hHR-C17Y-A271D-Gsis, hHhR-C17Y-G®is, hH,R-gpE2-Gsis, gpHR-
hE2-Gsis) were prepared as describ®d?3**8using the BaculoGOLD transfection kit

(BDPharmingen, San Diego, CA) according to the rfeturer’s instructions.

Sf9 cells were cultured in 250 or 500 ml disposdbtienmeyer flasks at 28 °C under
rotation at 150 r.p.m in Insect-Xpress medium (LayriZelviers, Belgium) supplemented
with 5 % (v/v) fetal calf serum (Biochrom, BerliGermany) and 0.1 mg/ml gentamicin
(Lonza, Walkersville, MD). Cells were maintainedcaadensity of 0.5 — 6.0 x i@ells/ml.
After initial transfection, high-titer virus stocksere generated by two sequential virus
amplifications. In the first amplification, cellsere seeded at 2.0 x ®6ells/ml and
infected with a 1:100 dilution of the supernataoini the initial transfection. Cells were
cultured for 7 days, resulting in the lysis of tetire cell population. The supernatant
fluid of this infection was harvested and storedamlight protection at 4 °C. In a second
amplification, cells were seeded at 3.0 X délls/ml and infected with a 1:20 dilution of

the supernatant fluid from the first amplificatidBells were cultured for 48 h, and the
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supernatant fluid was harvested. After a 48 h calperiod, the majority of cells showed
signs of infections (e.g. altered morphology, viralusion bodies), whereas most of the
cells were still intact. The supernatant from tleeasd amplification was stored under
light protection at 4 °C and used as routine vstegck for membrane preparations. For
membrane preparation, cells were sedimented byiftegation (1000 rpm, 5 min, rt) and
suspended in fresh medium at 3.0 X d€lis/ml. Cells were infected with 1:100 dilutions
of high-titer baculovirus stocks encoding the vasichistamine receptors, histamine
receptor fusion proteins, G-protein subunits andSRf&oteins. Cells were cultured for 48
h before membrane preparation. Sf9 membranes wepamed as describédusing 1
mM EDTA, 0.2 mM phenylmethylsulfonyl fluoride, 1@{ml benzamidine and 10 pg/ml
leupeptin as protease inhibitors. Membranes wespesuded in binding buffer (12.5 mM
MgCl,, 1 mM EDTA and 75 mM Tris/HCI, pH 7.4) and stord-80 °C until use. Protein
concentrations were determined using the DC proaésisay kit (Bio-Rad, Minchen,

Germany).

Steady-state GTPase activity assay with Sf9 inseckll membranes expressing
histamine H;-H,4 receptors and HR mutants

Membranes were thawed, sedimented and resuspemd@dmM Tris/HCI, pH 7.4. In the
case of the IR and HR, Sf9 membranes expressing eithgRHsoforms plus RGS4 or
H,R-Gsis fusion proteins, respectively, were usédf Hs;R-regulated GTP hydrolysis
was determined with membranes co-expressing humBRn rlammalian @i, GB1y, and
RGS4. Human kR activity was measured with membranes co-exprgsam HR-
RGS19 fusion protein with &, and By.. Activity on HR mutants was measured with
hH,R-C17Y-A271D-Gsis, hHR-C17Y-Gsis, hH,R-gpE2-Gsis and gpHR-hE2-Gsis
fusion proteins, respectivef§>® Assay tubes contained Sf9 membranes (10-20 pg of
protein/tube), MgGl (H;R, H,R: 1.0 mM; HR, H4R: 5.0 mM), 100 uM EDTA, 100 puM
ATP, 100 nM GTP, 100 uM adenylyl imidodiphosph&enM creatine phosphate, 40 g
creatine kinase and 0.2 % (w/v) bovine serum albuimi50 mM Tris/HCI, pH 7.4, as
well as ligands at various concentrations. §iRtssays, NaCl (final concentration of 100
mM) was included. Reaction mixtures (80 pl) wereuimated for 2 min at 25 °C before
the addition of 20 plf**P]GTP (0.1 pCi/tube) onf>*P]GTP (0.05 pCiltube). Reactions
were run for 20 min at 25 °C and terminated byatidition of 900 pl of slurry consisting
of 5% (w/v) activated charcoal suspended in 50 m&dHP Oy, pH 2.0. Charcoal absorbs

nucleotides but notjPCharcoal-quenched reaction mixtures were cegetiufor 7 min at
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room temperature at 13.0@0 600 pl of the supernatant fluid were removed ¥fdor
*p, was determined by Cerenkov or liquid scintillaticounting, respectively. Enzyme
activities were corrected for spontaneous degradatif [-*P]GTP or |-**P]GTP,
respectively, determined in tubes containing athponents described above, plus a high
concentration of unlabeled GTP (1 mM) to prevergyematic hydrolysis of the labelled
nucleotides in the presence of Sf9 membranesntapeous\-**P]GTP or |-**P]GTP
hydrolysis was <1 % of the total amount of radioaiyt added. The experimental
conditions chosen ensured that not more than 10f ¥heototal amount of added-[
¥PIGTP and {-**P]GTP was converted P, and **P,, respectively. All experimental
data were analyzed by non-linear regression with Biism 5 program (GraphPad

Software, San Diego, CA).

[*°*S]GTPyS Binding Assay

[**S]GTR/S Binding Assay¥® were performed as previously described for thB*1*?
using Sf9 insect cell membranes expressing the Rgbkis fusion protein. The
respective membranes were thawed and sedimentedli®ymin centrifugation at 4 °C
and 13,000. Membranes were resuspended in binding buffer (Vb MgCl,, 1 mM
EDTA, and 75 mM Tris/HCI, pH 7.4). Each assay tabetained Sf9 membranes (15 - 30
ug protein/tube), uM GDP, 0.05% (w/v) bovine serum albumin, 0.2 nﬁ?S[lGTPyS
and the investigated ligands at various concenfratin binding buffer (total volume 250
ul). Incubations were conducted for 90 min at 25&@l shaking at 250 rpm. Bound
[**S]GTRS was separated from fred®J]JGTR/S by filtration through GF/C filters,
followed by three washes with 2 ml of binding buf{é °C) using a Brandel Harvester.
Filter-bound radioactivity was determined afteremuilibration phase of at least 12 h by
liquid scintillation counting. The experimental chiions chosen ensured that no more
than 10% of the total amount oP$]GTP/S added was bound to filters. Non-specific
binding was determined in the presence ofil¥Ounlabeled GTFS.

4.5.2.3 Histamine H receptor assay on isolated guinea pig right atrium

See section 3.5.2.3
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Chapter 5

Heterobivalent motifs and variations of the

spacer in histamine H receptor agonists

5.1 Introduction

The term “bivalent ligand” describes molecules eomhg two sets of pharmacophoric
entities linked through a spacer. Thereby, the ptarmacophoric moieties can be
identical to form homobivalent compounds (twin caupds) or in case of heterobivalent
compounds consist of two different recognition sifitt In the broader sense bivalent
ligands can be divided in molecules containing sets of pharmacophoric groups or a
single pharmacophore connected to a non-pharmadoptezognition unit:> Over the
past few decades, bivalent ligands have been deselor a variety of G-protein coupled
receptors (GPCRs), including opioid, serotonin® dopamin€, adrenergit® and
muscarinergic receptot$™ Previously considered as monomeric polypeptidd3CRs
have been shown to exist and function as dimedigomers'**°® yet many of the most
potent bivalent ligands have relatively short spgcsuggesting that the compounds

interact with neighboring binding sites on a singleeptor protoméet®’

Among the different tools offered to medicinal chsi® to design potent and selective
GPCR agonists and antagonists, the bivalent liggopdoach has proven to be valuable to
improve potency, selectivity and efficacy as wedl the pharmacokinetic profile of
compounds? Likewise, the application of the bivalent liganmpeoach to acylguanidine-
type histamine bR agonists described in chapter 4 resulted in fiigbtent and selective
histamine HR agonists. After the successful preparation of ragtnical bivalent
hetarylpropylguanidines with alkyl spacers of vagdengths (6-27 A), the present study

was focused on the chemical nature of the spacereisas on unsymmetrical bivalent
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ligands bearing two different sets of pharmacomghogroups. Besides promising
applications to improve the pharmacological probifeH,R agonists, bivalent ligands
were synthesized as pharmacological tools withhthige of expanding our knowledge of
the structure-activity relationships (SAR) of bewal acylguanidine-type ligands and of

the topology of the putative accessory binding aiteistamine kireceptors.

H,N ﬂ NH,
o) o)

T

Figure 5.1. Overview of the structural modifications of bivaleacylguanidine-type R agonists. R: H,
CHs; R%: alkyl, arylalkyl, hetarylpropyl, aminoalkyl; &R 2-amino-4-methylthiazolylpropyl, (piperidino)-
methylphenoxypropylamine; spacer: alkyl chains aonhg disulfide, ether, amide or phenylene groups,

branched linkers.

5.2 Chemistry

The title compounds were preferentially synthesiaedording to the synthetic routes
described in chapters 3 and 4. The synthetic giegeimed at compounds of maximal
purity on the low mg scale rather than at the opttion of yields and synthetic

pathways.

Synthesis of unsymmetrical bivalent ligands

The synthesis of unsymmetrical bivalent acylguamadi with two different pharmaco-
phoric moieties §.26-5.42 started with the preparation of 1@ef¢-butoxycarbonyl-
amino){3-[2-(tert-butoxycarbonylamino)-4-methylthiazol-5-yl]propylam}amino-
methylene)-10-oxodecanoic aci$.?). To reduce the formation of by-products, one
carboxylic function of the dicarboxylic acid wasppad with a benzyl group, and the

resulting 10-benzyloxy-10-oxodecanoic ackdlf was coupled to the Boc-protected 3-(2-
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amino-4-methylthiazol-5-yl)propylguanidine builditdock 3.17. The hydrogenolysis of
the benzyl ester group resulted in the key inteiaied.2

Boc-
HaC NH O O
\

o ©° . o o s
(i) (i), (iii), WN \N)LMJ\OH
HO)LMJ\OH — HOMO/\Q 7» N H 8
8 5.1 7S 5.2

3.17 BocHN

Scheme 5.1. Synthesis of  10-{ért-butoxycarbonylamino){3-[2tért-butoxycarbonylamino)-4-

methylthiazol-5-yl]propylamino}aminomethylene)-1&axecanoic acidy.2). Reagents and conditions: (i)
BnOH (1 eq), DCC (1.2 eq), DMAP (cat.), THF/abs,W8t; (i) EDAC (1 eq), HOBt (1 eq), DIEA (1 eq),
DCM/abs, 16 h, rt; (iii) H, Pd/C (10 %), MeOH, 1 h, rt.

Guanidinylation of commercially available amineghnhe isothiourea derivativé.3 in
the presence of Hgglfollowed by the deprotection of the Cbz groupabeduction step,
classically carried out by hydrogenation over Pdétalyst, afforded the mono Boc-
protected guanidine building blocks.14-5.24 In addition, the Boc-protected (3-
cyclohexylpropyl)guanidine 5.25 was prepared from the corresponding (3-
phenylpropyl)guanidin®.14 by hydrogenation of the phenyl ring over Rh(@{ catalyst

in MeOH™

0 )l\Jl\Boc (i J\Jl\Boc (i) NBoc
R2 n i R2 n 11 R2 n iii 2

NH, — YHN NHCbz — \(HN NH, — NJ\NHz
R rt H rt H H
5.3-5.13 5.14-5.24 5.25

Compd. R R? Compd. R R? Compd. R R?

n n
5.3,5.14 H Ph 2| 5.7,5.18 (R)-CH; Ph 0(5.11,522 H CH;
54,515 Ph Ph 2| 5.8,5.19 H 4-OMe-Ph 0] 5.12,5.23 CH; CH;
0 0
0

N R RS

5.5,5.16 H Ph 5.9,5.20 H 3,4-OMe-Ph 5.13,5.24 H NHBoc
5.6,5.17 (9-CH; Ph 5.10,5.21 H H 0

Scheme 5.2General procedure for the preparation of Boc-tett guanidine$.145.25 Reagents and
conditions: (i)3.3 (1 eq), HgCl (2 eq), NE§ (3 eq), DCM/abs, 48 h, rt; (ii) HPd/C (10 %), MeOH/THF
(1:1), 8 bar, 3-5 d, rt; (iiip.14(1 eq), B, Rh/ALO; (cat.), MeOH, 7 bar, 4 d, rt.

To obtain the designated unsymmetrical bivalerarids5.26-5.42 the Boc-protected
guanidines3.18 4.8 and5.14-5.25the unprotected guanidinds23° and 3-phenylbutan-
1-ylguanidin€’’ and the tert-butyl 5-(3-aminopropyl)-4-methylthiazol-2-ylcarbate
3.13 respectively, were coupled ¥02 by N-acylation using EDAC, HOBt and DIEA as
standard coupling reagents to yield the protectethppunds5.26a-5.42a Finally,
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removal of the protecting groups under acidic cbods gave the unsymmetrical
acylguanidine$.26-5.42(Scheme 5.3), which were purified by preparativeHERC. In
addition, the synthesis of the unsymmetrical conmoidzi43 containing a docosanedioyl
spacer was achieved by coupl#@2with 3.17under similar conditions.

H-.C NH, O O NH
’ /k\z /)\2 N R2
— N = ” N g N ”
\ 1
HsC B\ o o )S R
PN (i) (i) H,N 5.26-5.41
s 8 HaC NH, O 0 CH,
N\ S H 8 H S /
H,N 5.42 NH,
NH, O O o . HsC NH, O O NH,

(i (i) N

(NJMHA\NMOH 0.0 WM*NMN/*H“A@
SN 20 : \VS 20 NH

4.22 H5N 5.43

Compd. R R? n | Compd. R R? n
5.26 H 2-aminothiazol-5-yl 2| 5.34 (9-CH; Ph 0
5.27 H imidazol-4-yl 2| 535 (R)-CH; Ph 0
5.28 H 1,2,4-triazol-5-yl 2| 5.36 H 4-OMe-Ph 0
5.29 H Ph 2 5.37 H 3,4-OMe-Ph 0

5.30 CH; Ph 2 5.38 H H 0

5.31 Ph Ph 2| 5.39 H CH; 1

5.32 H cHex 2 5.40 CH; CH; 1

5.33 H Ph 0| 541 H NH, 2

Scheme 5.3General procedure for the preparation of unsynio@tbivalent acylguanidineS.26-5.43
Reagents and conditions: (i) f@.26 5.27 and 5.29-5.43 3.13 3.17, 3.18 4.8 3-phenylbutan-1-
ylguanidiné* or 5.14-5.25(1 eq), EDAC (1 eq), HOBt (1 eq), DIEA (1 eq), D@GMs, 16 h, rt; fob.28
4.23° (1 eq), CDI (1.2 eq), NaH (60 % dispersion in mieil) (2 eq), DMF, 5 h, rt; (ii) 20 % TFA,
DCM/abs, 3-5 h, rt.

Structural modifications of the spacer

As depicted in Scheme 5.4, various structural mesancluding ether, amide, phenylene
and disulfide groups as well ad,N-bis(2-aminoethyl)ethane-1,2-diamine (branched
linkers) were incorporated into the spacer. By egnalwith the procedures applied to the

preparation of homobivalent acylguanidines (se@iead), coupling of two equivalents
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of Boc-protected aminothiazolylpropylguanidir®47 or 3.18with one equivalent of the
pertinent dicarboxylic acid, followed by deprotectj was feasible to synthesize a small
library of symmetrical acylguanidine-typeRl agonists with spacers of various chemical
compositions. Whereas most of the spacers were eoomly available, long spacers

were individually synthesized.

R NBoc R NH, O (0] NH, R
\ \ S S /)
BocHN ° )cj)\ )?\ H,oN \<NH
OCl 2 2
3.17, 3.18 HO X~ “OH 5.44-5.54
Compd. X n" R | Compd. X " R

é_é
&
5.44 5.47
\©\ 4 CH O 8 Ch
/ L,

4 PP
5.45 ;\/@A 6 CH | 548 f\/\[rN\/\”J\/\; 10 CH

0
5.49
8 H
(n=1)
5.46 ;\O/zi 3 Ch 5\/@}/8\3/\9:\;
5.50
(no3) 12 H
Compd. X n R
Q H
5.51 ;\%”/\/O\/\O/\/N\“/%; 24 CH
0
5.52 ef\/owo/\/ov?"k 9 CH;
5.53 NH,
13 C
(n=2) o H o H
5.54 j\%ﬁ/\/h‘\/\ﬁ%}k 15 CH
(n=3) "

Scheme 5.4.General procedure for the preparation of bivakntlguanidiness.44-5.54 Reagents and
conditions: (i) for5.44-5.52 pertinent dicarboxylic acid (1 ed3,17or 3.18(2 eq), EDAC (2 eq), HOBt (2
eq), DIEA (2 eq), DCM/abs or DMF, 16 h, rt; f6r53and5.54 pertinent dicarboxylic acfd (1 eq),3.17 (2
eq), EDAC (2.1 eq), DMAP (cat.), DIEA (2.1 eq), DM h, rt; (i) 20 % TFA, DCM/abs, 3-5 h, ftn =

number of atoms between the two carbonyl groups.
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Compoundb.55 a prototypical ligand containing three 3-(2-amimethylthiazol-5-yl)-
propylguanidine moieties was synthesized usingethequivalents of the guanidine
building block 3.17 and the coupling reagents, respectively, and anavalent of
benzene-1,3,5-tricarboxylic acid (Scheme 5.5). Ifneemoval of the protecting groups
under acidic conditions gave the “trivalent” compduwhich was purified by preparative
RP-HPLC.

H,C NH, O O NH, CH4
PN PN
NS N~ "N N” N =
P H S
H.C NBoc . H,oN NH
’ T o, G 07N ’
NS N~ “NH, |
NS H HN™ “NH,
BocHN
3.17 5.55
S
H2N\<\ |
N CH,

Scheme 5.5.Synthesis of the trivalent acylguanidibes5 Reagents and conditions: (i) Benzene-1,3,5-
tricarboxylic acid (0.33 eq), EDAC (1 eq), HOBt €t)), DIEA (1 eq), DCM/abs, 24 h, rt; (ii) 20 % TFA,
DCM/abs, 5 h, rt.

Labeling of bivalent ligands 5.41 and 5.54

The free amino groups in compourislgd1 and5.54 were propionylated by stirring with
succinimidyl propionate for a few hours at room pemature affording the compounds
5.56and5.57. These propionamides were prepared and pharmacallygnvestigated in
“cold” form with respect to the optional synthesi$ the corresponding bivalent
radioligands. The radioactive form of the used suotdyl ester is a standard reagent for
tritium labeling at the last synthetic step. In éidd, the fluorescent compourtd58 was
synthesized frond.54 and the fluorescent pyrylium dye py-1 (for cherhgtaucture see

chapter 3, Scheme 3.5) by ring transformation witine hour at room temperature.
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i H,C )N\Hz o O )N\Hz @)
|
5410 N)WN \N)%/U\N/ N/\/\NJK/CH3
\ H 8 H H
=
5.56

HyC NH, O O CHg
NWN \NWJ\N/\/N\/\ WN
>\/S H 3 H S
HoN 5.57 NH,
o
5.54
%
H3C )N\HZ 0o 0o CH3
)WH \NJ\M/U\H/\/ /\/Y(N
\ S 8 S
H,N 5.58 NH,

Scheme 5.6.Synthesis of compounds.565.58 Reactions and conditions: (§.41 or 5.54 (1 eq),
succinimidyl propionate (0.8 eq), NHB eq), MeCN, 4-5 h, rt; (ii5.54(2 eq),py-17 (1 eq), NEj (7.5 eq),
MeCN, DMF, 1 h, rt.

Synthesis of heterobivalent compounds by combinatio of H,R agonistic and
antagonistic moieties

3-[3-(Piperidin-1-ylmethyl)phenoxy]propan-1-amin6.5%* was converted into the
amides5.60and5.61 by acylation with5.1 and hexadecanedioic acid, respectively, using
EDAC, HOBt and DIEA as coupling reagents. Removalhe benzyl protecting group
(5.60 resulted in a by-product lacking the piperidimoup. This cleavage product could
not be separated until purification by flash chrtmgeaphy after the next coupling step.
According to Scheme 5.7, coupling of the dicarbaxgkid mono-amide8.60and3.61
with 3.17and coupling of the recently synthesized squararditivative5.62° with 5.2
yielded the Boc-protected hybrid molecule$3a-5.66a The protecting groups were
removed in a few hours by treating with TFA in DCNILC control) to obtain the
heterobivalent acylguanidin@s63-5.66 which were purified by preparative RP-HPLC.
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. . 0O O
O\I\D\O/\/\NHz L ﬂ» QV@O/\/\NM
H

5.592 5.60, 5.61
0] 0
DO,
N 0N NHNHz l(iv)
H H
5.622
. HsC NH, O O
(i) (iv) 8 )\\ R
5.2 — NS N~ N X0
\ H n
>/S
H,N 5.63-5.66
Compd. n Compd. n X R Compd. n X R
5.60 8 5.63 8 NH Piperidine
5.61 14 5.64 14 NH Piperidine

5.65 8 NH H

(0] 6]
566 8 ;\NHGNj;/[N}LL Piperidine
H H H

Scheme 5.7.General procedure for the preparation of bivakntlguanidines.63-5.66 Reagents and
conditions: (i) 5.1, hexadecanedioic acid &.17 (1 eq), EDAC (1 eq), HOBt (1 eq), DIEA (1 eq),
DCM/abs, 16 h, rt; (ii) fo5.60 H,, Pd/C (10 %), MeOH, 3 h, rt; (ii§.62° (1 eq), CDI (1.6 eq)5.2 (1.5
eq), THF/abs, DMF, 14 h, rt; (iv) 20 % TFA, DCM/al&5 h, rt.* Compounds5.59 and 5.62 were
provided by Dr. D. Erdmann. For experimental da Ref>

5.3 Pharmacological results and discussion

All synthesized compounds were examined fgRtgonism in a membrane steady-state
GTPase assay at human (h) and guinea pig (gB)}G#is fusion proteins expressed in
Sf9 insect cells (Tables 5.1-5%)With respect to information about the molecular
determinants of different agonist potencies at huraad guinea pig #R orthologs,
selected bivalent ligands were tested oR Ishutants, in which Cys-17 and Ala-271 in the
hH,R were replaced by Tyr-17 and Asp-271 as in the,Bpbihd four different amino
acids in the e2 loop were reciprocally mutated fRH17Y-A271D-Gsis, hH,R-C17Y-
Gss, hHR-gpE2-Gsis, gpHR-hE2-Gsig) (Table 5.4Y%% Moreover, to verify the
histamine receptor subtype selectivity, represargatompounds were investigated in

GTPase assays using recombinant human histamirtdstdnd H, receptors (Table 5.5).
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5.3.1 Histamine H receptor agonism at human and guinea pig R

fusion proteins in the GTPase assay

Unsymmetrical bivalent ligands (Table 5.1)

To elaborate the role and interaction site of teeoad pharmacophoric moiety,
unsymmetrical compounds bearing two different aggtgdine moieties were
investigated. Based on the highly poteNtN'®-bis{[3-(2-amino-4-methylthiazol-5-
yhpropylamino](amino)methylene}decanediamid& 2(7), structural modifications were

focused on the eastern part of the molecule.

Except for compoun.27, which showed full agonism at gpRFGsus, all synthesized
unsymmetrical bivalent “bis-acylguanidine$.26-5.41and5.56) proved to be moderate
to potent partial agonists at fiRFGsus and gpHR-Gsus fusion proteins. The most potent
compounds of this series surpassed the potencigtainine about 170 and 2500 times at
hH,R-Gsis and gpHR-Gsus, respectively. In agreement with results obtairfed
symmetrical compounds (cf. chapter 4), the remafalone 4-methyl group at the
aminothiazole ringg.26vs. 4.27) or the exchange of the 2-amino-4-methylthiazglab
imidazole ring $.27vs. 4.27) led to slightly decreased potencies, but increéa&fBcacies
at both receptors. Interestingly, the potencie$.@6 and 5.27 at both receptors were
always between the potencies of the symmetricdlogagcompares.26 with 4.11 and
4.27,5.27with 4.27and4.31, Fig. 5.2). In contrast, the efficacies were clas¢he high
efficacies of the corresponding “bis-imidazolg’31 and “bis-aminothiazole™4.11,
respectively (cf. Figure 5.2). This also holds $0B8 the combination of a 2-amino-4-
methylthiazolylpropylguanidine with the weakly potel,2,4-triazolylpropylguanidine
(compareb.28with 4.24and4.27). In conclusion, both heterocycles of the unsynmicat
compounds nearly additively contribute to potenayhereas efficacy seems to be
determined by the “more efficacious moiety”.
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Figure 5.2: Histamine H receptor agonism of the unsymmetrical bivalenadig)5.26 compared to the
symmetrical bivalent ligand$.11and4.27 at membranes expressing MHGsis (A) and gpHR-Gsus (B)

and HR agonism of the unsymmetrical bivalent ligash@7 compared to the symmetrical bivalent ligands
4.27 and 4.31 at hHR-Gsis (C) and gpHR-Gsus (D). Data of representative experiments performed in
duplicate, expressed as percentage change in GHetsity relative to the maximum effect induced by
histamine (100 uM).

Replacing one hetaryl group df27 with a phenyl ring §.29 resulted in a drop of
potency by one to almost two orders of magnitudeeneas efficacy was not affected.
Whereas methyl substitution giposition of the side chain was well tolerat&d20 vs.
5.30, an additional phenyl ring, resulting in a spélteg diphenylpropyl residues.31),
further decreased the potency at both receptorsa Assult of replacing phenyl with
cyclohexyl 6.29vs. 5.32), agonistic potency was further decreased by 8-Jahfold at
hH,R-Gsis and gpHR-Gsus, respectively. Shortening the carbon chain betwen
guanidino group and the phenyl ring from three te methylene group$.83 resulted

in moderately increased potency. The methyl-brathcrealogs 06.33 (5.34 5.35 are
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chiral compounds. Very recently, monovalent chifdlacylated hetarylpropylguanidines
did not show significant stereoselectivifyThis also holds for bivalent acylguanidines
(3.34vs. 3.35: only marginally higher potencies (eudismic raifabout 2) resided in the
(S-enantiomer. Moreover, monds.86 or di- (5.37) substitution of the phenyl ring with
electron releasing methoxy groups had no signifiedfect on the agonistic potency.
Interestingly, efficacies were not affected by thesinor structural variations (compare
5.29-5.37. Thus, in agreement with the results obtaine®fa6-5.28 both acylguanidine
moieties of the unsymmetrical compounds contribbatpotency, whereas efficacy seems

to be determined by the more efficacious moiety.

Replacement of one (het)arylalkylguanidine with Brakkylguanidine moieties afforded
rather potent FR agonists with E€ values in the low nanomolar range at bothRH
Gaus and gpHR-Gsus. Herein, methyl- .38 and isobutyl- .40 were superior to the
corresponding propylguanidin®.89. The introduction of an additional primary amino
group at the propyl chain led to slightly increapetencies and efficacieS.89vs. 5.41).
Notably, the free amino group allowed for the attaent of radio labels. The conversion
of the amine{.41) to the propionamidB.56 resulted in moderately (up to a factor of 2.7)
decreased potencies at both receptors. Howevefcold®' potential bivalent radioligand
5.56 revealed Eg values of 56 nM and 9.5 nM at BRFGsus and gpHR-Gsis,
respectively. Presumably, the affinity of this caapd is sufficiently high to use the
corresponding “hot” form in investigations on theahd-receptor stoichiometry

compared to monomeric radioligands.

Replacing the second basic acylguanidino groupt.@?” with a simple amide group
caused a 7- and even 60-fold decrease in potendyH#R-Gsis and gpHR-Gsus,
respectively 4.27 vs. 5.42), corroborating the importance of a basic centreama
appropriate distance to the pharmacophore to obigimy potent bivalent bR agonists.
This is in accordance with the results obtained fmnovalent aminothiazolylpropyl-

guanidines containing primary amino groups in tkar@oyl side chain (cf. chapter 3).

Furthermore, in agreement with the results obtainedymmetrical compounds, linkage
of a 3-(2-amino-4-methylthiazolyl)propylguanidinethv an imidazolylpropylguanidine
by a very flexible 20-membered carbon chain, atlepgedicted to be optimal to bridge
two neighboring receptors, resulted in a drasticrelese in potency at the ggtiGsus
and a complete loss of agonistic activity at theRH&sis (compare5.43 with 4.19 and
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4.30. To some extent this may depend on an entropst caused by fixing the highly
flexible molecule on the receptor surface, as tittb&free energy released upon ligand
binding results from enthalpic and entropic conttibns AG = AH-TAS). However,
these results argue against the occupation of esghboring receptors.

Table 5.1.Agonist potencies and efficacies of unsymmetriecadlguanidines and reference compounds at
hH,R-Gsis and gpHR-Gsis fusion proteins in the steady-state GTPase dssay.

" JER R S P -
Nw” \NMJ\N/ H,R N)W” \NMJ\H/\/\%N
\ S \__S S—4
> > <
HoN 5.26-5.41, 5.56 HoN 5.42 NH,

thR-GSﬂS nggR'GS(lS ECso (hHZR-
GS(ls) / ECs
No. R ECsy Eput ECsy Enat )
p 50 max Pot,, p 50 max Pot,, (ngzR
+SEM  SEM +SEM  SEM Gsug)
e 5.90 5.92
His . 100 1.0 100 1.0 1.05
+0.09 +0.09
: 767 075 830 0.4
4.11 - 58.9 239.9 4.27
+0.07 +0.03 +0.22 +0.01
CHs
%/\/\(K 811 053 941  0.79
4.27 N 162.2 3,090 19.90
S\( +0.25 +0.04 +0.15 +0.07
NH,
. 821 081 8.94 0.8
4.31 - 204.2 1,047 5.36
+0.07 +0.02 +0.16 +0.05
S A 786 0.75 8.46  0.89
5.26 s 91.2 346.7 3.98
\y, 011 +0.04 +0.30 +0.04
g N 812 0.76 929 101
5.27 M{\> 166.0 2344 1479
NH  £0.04 +0.05 +0.10 +0.03
N 740 050 790 0.88
528 %7 316 955 3.16
HN-  +0.20 +0.04 +0.08 +0.05
ag 716 044 769  0.76
5.29 18.2 58.9 3.39
+0.20 +0.05 +0.25 +0.06
¢Ha 719 044 772 0.82
530 g 19.5 63.1 3.39
+0.11 +0.02 +0.03 +0.06

6.81 0.45 7.32 0.77
5.31 ' 8.1 25.1 3.24
+0.11 =+0.11 +0.12 £0.05
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Table 5.1.(continued)

6.72 0.32 655  0.77
5.32 "‘a/\/\o 6.6 43 0.68
+0.16 +0.02 +0.01 +0.00
g 7.66  0.46 8.05 0.79
5.33 /\© 575 134.9 2.45
+0.06 +0.03 +0.05 +0.04
§He 7.68  0.45 813 0.74
5.34 wg 60.3 162.2 2.82
+0.10 +0.02 +026 +0.07
SHa 7.38  0.39 7.77  0.76
5.35 . 30.2 70.8 2.45
+0.06 +0.02 +0.32 +0.01
> 756  0.45 7.79 085
5.36 457 74.1 1.70
oMe  +0.04 +0.03 +0.08 +0.02
¢ OMe 756  0.33 792 071
5.37 A@[ 45.7 100.0 2.29
ove  +0.11 +0.01 +0.16 +0.03
oH 791 062 8.70  0.89
5.38 =g CH 102.3 602.6 6.17
+0.09 +0.03 +0.05 +0.04
750 053 8.03 0.6
5.39 g ~\CHs 39.8 128.8 3.39
+0.04 +0.02 +021 +0.04
CH 796 051 8.67 0.87
5.40 WYy 114.8 562.3 513
CHs +0.14 +0.02 +0.02 +0.11
768 058 8.15 0.94
5.41 W " NH, 60.3 169.8 2.95
+011 +003 +0.10 +0.04
i 725  0.68 8.02 091
5.56 e~y CHs T ' 22.4 ' ' 125.9 5.89
H +0.04 +0.11 +0.01 +0.01
725  0.82 762  0.96
5.42 ; 22.4 50.1 2.34
+021 +0.07 +0.08 +0.03
654  0.19
5.43 - (- - -y 4.2 -
+0.04 +0.07

aSteady-state GTPase activity in Sf9 membranes ssimg hHR-Gsisand gpHR-Gsiswas determined as
described irPharmacological methods. Reaction mixtures contained ligands at conceaotratirom 0.1 nM

to 10 uM as appropriate to generate saturated concentredgponse curves. Data were analyzed by
nonlinear regression and were best fit to sigmoadaicentration-response curves. Typical basal G Pas
activities ranged between 0.5 and 2.5 pmehg™min™ and activities stimulated by histamine (1001)
ranged between 2 and 13 pmahg™min™. The efficacy (E.) of histamine was determined by nonlinear
regression and was set to 1.0. ThesEalues of other agonists were referred to thiseiaData shown are
means + SEM of 2-5 independent experiments perfdrimeduplicate. The relative potency of histamine
was set to 1.0, and the potencies of other agowists referred to this valu& For chemical structure see
chapter 4° For chemical structure see Scheme B\& agonistic activity.
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Structural modifications of the spacer (Table 5.2)

The chemical structure of the spacer plays a atitiole with respect to the spatial
orientation of the pharmacophoric groups at thepear of interest. In addition, the linker
significantly contributes to lipophilicity and fléxlity and affects the overall profile of
bivalent ligands including drug-like properties anteractions with off-targets. It is not
possible to draw up generally valid rules for tediction of the best suited spacer. To
date, most bivalent ligand approaches are basdteonse of flexible linkers with well-
balanced hydrophilic and lipophilic properte¥3! Consequently, after the investigation
of homobivalent ligands with typically used hydropic methylenic linkers (cf. chapter
4), we incorporated different functional groups rsugs disulfide, ether and amide,
phenylene groups as well as branched linkers, &uate bivalent acylguanidines with
increased hydrophilicity as well as conformatiopatiore constrained compounds.

With exception of compounds.49 and 5.5Q which showed moderate potencies, all
structural modifications of the spaces.44-5.54 considerably decreased the agonistic
potency at hbR-Gsus (PEGo < 6.8) and gpbR-Gsis (PEGo < 7.7), respectively,
compared to the analogs containing methylenic timkés expected: potencies and
efficacies at the bRs dramatically decreased in case of the more @nsti compounds
5.44-5.47 emphasizing the importance of spacer flexibilily.should be taken into
account that purely methylenic spacers possiblyaimpolubility and tend to enhance
binding to membranes. Therefore, incorporationyafrbphilic groups seemed reasonable
to significantly reduce the logky; values of the compounds (cf. Table 8.2). Intenggyi
5.48-5.54with inserted hydrophilic units showed decreasetdpcies, whereas efficacies
were significantly increased at both receptors. Goummds5.48 5.49 and5.52 were full
agonists at the gpR-Gsus. Actually, in contrast to compounds with a 20-meneiol
alkanediyl spacer4(13 4.19 4.30 5.43, which revealed antagonistic activities at the
hH,R-Gsus, elongation of the hydrophilic spacer up to 24naaesulted in compounds
with retained weak kR agonistic activity 3.51 hH,R-Gsus, pPEGo = 6.20, Eax = 0.45).
Notably, in bivalent ligands with inserted disudidgroup, a 12-membered chain
connecting the carbonyl group5.%0 turned out to be superior to the (supposedly
optimal) 8-membered chaib.@9. The corresponding monovalent anaBb§6was about
10-fold less potent, whereas the acetic acid theoesd 3.65 (3.55 was equipotent with
5.50
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Table 5.2. Agonistic potencies and efficacies of bivalent astfiiazolylpropylguanidine$.44-5.55and

reference compounds at JR+Gsis and gpHR-Gsis fusion proteins in the steady-state GTPase dssay.

NH, O O NH, R IR

R
N)WN)\\N J\X JJ\ N/)\N/\/Y(N 4.25-4.30, 5.44- CH
H H 5.48, 5.51-5.55 3

-5 =
5.49,5.50 | H
HoN 5.44-5.55 NH,
thR-GSﬂS ngzR-GSdS ECso
hH,R /
No. X pECSO Emax * Pot, pECSO Emaxi Pot, ECSO
+SEM SEM ® +SEM SEM o gpHR
2
5.90 5.92
His?® - 1.00 1.0 1.00 1.0 1.05
+0.09 +0.09
4.25 CH 724 0.68 21.9 859 090 467.7  22.39
' (CHe)s +0.22 +0.03 "~ +030 +0.05 ' '
811 053 941  0.79
4.27 (CHy)s 162.2 3090.3  19.90
+0.25 +0.04 +0.15 +0.07
428 on 778 046 857 066 . _
' (CHe)so +0.17 +0.04 Y 1032 +0.05 ' '
426 on 759 012 o 746 051 .
' (CHaq +022 +0.02 +001 +0.02 ' '
. 6.48  0.58
4.30 (CHy)o (- - B! cos7 soor 3° -
1 f\@\ 546 013 608 073
' % +0.17 +0.01 ' +0.08 +0.03 ' '
6 45 \Q/\g‘ 6.62  0.79 5 7.86  0.83 671 1738
' é +0.23 +0.07 ' +0.06 +0.17 ' '
& % 6.82  0.69 722 047
5.46 \Q/ 8.3 120 251
+0.01 +0.11 +0.21 +0.02
47 §§ 678 016 707 063 -
' +0.06 +0.02 ' +0.12 +0.03 ' '
(0]
H 6.25 0.64 655  1.05
548 & N~y 2.2 43 2.00
\/\(f)r N {1018 +004 £0.10 +0.10
5.49 ENGENGENE NN 713073 17.0 769 1.00 58.9 3.63
' S ¢ +022 +006 +004 +0.02 ' '
PRGN 7.48  0.45 7.95  0.70
5.50 A s/\(\ﬁg\; £0.06 4008 38.0 £040 +003 107.2 2.95
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Table 5.2.(continued)

9 H 6.17  0.45 6.64  0.22
551 & A O~ 1.9 2.95
%N © IHE; +026 +0.11 +0.24 +0.02
550 A0 o 2 6.71  0.58 . 6.91  1.03 158
. 4 . .
g i andl +019 +0.11 +0.05 +0.04
O NH,
o N/)\N s
5.55 H/\/i )CH 588 0.07 1.0 6.02 0.09 1.3  1.38
H,C N
R
H,C )N\Hz o O H o O )N\Hz CHg
NWN \N)LHJ\N/\/N\/\NJ\HJ\N/ N/\/\%N
H,N NH,
n R
6.28  0.61 727  0.76
553 2 NH, 2.4 22.4 9.77
+0.07 +0.01 +0.04 +0.03
6.48  0.59 771  0.93
554 3 NH, 3.8 61.7 16.98
+0.01 +0.01 +0.01 +0.01
(0]
6.10  0.54 715  0.86
557 3 HNJ\/CHa 1.6 17.0 11.22
| +0.10 +0.02 +0.05 +0.02
N
558 3 HiC A\ 6.75 021 71 6.93 0.65 10.2 1.51

@N I
|

~ CHg

aSteady-state GTPase activity in Sf9 membranes ssimg hHR-Gsisand gpHR-Gsiswas determined as
described irfPharmacological methods. Reaction mixtures contained ligands at conceptratfrom 0.1 nM

to 10 uM as appropriate to generate saturated concentreggponse curves. Data were analyzed by
nonlinear regression and were best fit to sigmoadedcentration-response curves. Typical basal G&Pas
activities ranged between 0.5 and 2.5 pmahg'min®, and activities stimulated by histamine (1,04)
ranged between 2 and 13 pmahg™min™. The efficacy (E) of histamine was determined by nonlinear
regression and was set to 1.0. ThesEalues of other agonists were referred to thiseiaData shown are
means + SEM of 1-6 independent experiments perfdrimeduplicate. The relative potency of histamine
was set to 1.0, and the potencies of other agomists referred to this valuBNo agonistic activity.

Despite the weak #R agonistic potency 065.44-5.54 the successful preparation of
bivalent ligands with branched linkerS.%3 and5.54) is especially worth mentioning.

The branched linkers allowed for the attachmerftunirescence and radio labels without
affecting the pharmacophoric hetarylpropylguanidin@eties. However, the conversion

of the basic amine i5.54 to the non-basic propionamide group5rb7 resulted in a
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significant decrease in potency (plgCthH.R-Gsus) = 6.48 - 6.10; pEGo (gpHR-Gsuis)

= 7.71 - 7.15), whereas efficacy was not affected. Thetpedy charged fluorescent
pyridinium compounds.58 was slightly more potent tham54 at hHhR-Gsis (PEGso =
6.75), but considerably less potent at gRHGs1s (PEG = 6.93), and efficacies were
reduced at both receptors.

Finally, the prototypical “trivalent” compoundb.55 with three aminothiazolyl-
propylguanidine portions and a constrained aronsgiacer was devoid of (noteworthy)
agonistic activity at both HR-Gsis and gpHR-Gsis, respectively. Thus, the
introduction of an additional pharmacophoric moigtsoved to be inappropriate to

improve the HR agonistic activity.

Contribution of the second pharmacophoric moiety toH,R agonistic activity

The structure-activity relationships of bivalentRH agonistic acylguanidines are not
compatible with the concept that such ligands agable of “bridging” the orthosteric
recognition sites of receptor dimers, as highedemy resided in compounds with
insufficient spacer length. Figure 5.3 gives anrexsv of the agonistic potencies of the
title compounds as determined in the GTPase addast strikingly, the combination of
two hetarylpropylguanidine pharmacophores with ded#yl spacer resulted in the most

potent HR agonists known to date.

.......................................

........................... 1 H3C
1 HyC a; ' )Yw’?. i‘L
E 3 )ﬁ}i N %1 /ﬁ}i: NH2 : Het?: N (/ > N)i\f
. N)LS ~H<;\I’Tr > N>LS .%)l\ }L>>.,2L)L }LL HoN .
' H2N H2N :
_________________________ ' r—’% E’\/\Hetz > Me ~ iBu > (CHy)s-NH, > Pr
ﬂ NH, O O NH, H ~ OMe) (H > Me > Ph)

(CHZ)n potency: n=8>6>10>4> 14 > 20;2 ; .>i’z/\/\( /7 > E/\/\O .

; . alkanediyl > disulfide* > ether* > amide* > phenylenel '
: (*chains containing functional groups as indicated) | | .

......................................................................................

Figure 5.3. H,R agonistic potency (GTPase assay) of bivalentgaeylidines: overview of structure-

activity relationships?cf. twin compounds in chapter 4.

To estimate the contribution of the second pharmlace to HR agonistic activity and
to factor out the contribution of the spacer itstie bivalent acylguanidine-type ligands

should be compared with appropriate monovalent tspparts. Most monovalent
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compounds can only be considered an approximatioa mmonomeric analog as alkyl
chains and various functional groups (carboxy, anamide, phenyl or cyclohexyl) may
also confer to bR activity. Actually, the choice of an appropria@nomeric counterpart
is very tenuous. The pentanoylguanid$20 corresponds to the bisected compodrl
and therefore was considered the best possible memo counterpart of the highly
potent bivalent bR agonis#.27. As determined in the GTPase assay, the twin comgho
4.27 was up to two orders of magnitude superior tonsnovalent counterpa®.20
(hHR-Gsus, pEGo, 8.11 — 7.06; gpHR-Gsus, pEGp, 9.41 - 7.54). Moreover,
comparison of the HR agonistic potency af.27with 5.38 5.42, 3.20 3.21and3.31(cf.
Figure 5.4) indicated that the contribution of #pacer to BFR agonistic activity is rather
low and the second guanidine moiety is not merelyadditional cationic head. Thus,
both guanidino groups are involved in specific iatdions with the BER. These results
are consistent with the presence of an accessodyng site at the HR. Depending on the
substitution pattern, the acylguanidine moiety seémbe a versatile structural motif to
address an accessory recognition site at #ie knic interactions between the positively
charged acylguanidine group and negatively chaageicio acid residues are conceivable.
This bears a formal resemblance to the messagessidoncept proposed by SchwyZer.
The hetarylpropylguanidine pharmacophore acts a&s nfessage component that is
recognized by the receptor and the cationic addressgnizes a unique subsite and
provides additional binding affinity.

o 3.20 v 331 a 538

Figure 5.4. Histamine HR agonism 0f3.2Q
e 321 m 427 & 542

3.21, 3.31 4.27, 5.38 and 5.42 in membranes
expressing the gpR-Gsis. Data of

100+

80+ . .
representative  experiments, expressed as

607 percentage change in GTPase activity relative to

40 the maximum effect induced by histamine (100

20+ HM). For exact chemical structures and giC

values 0f3.20 3.21and3.31see chapter 3.

GTP hydrolysis (% change of basal)

-1|0 9 8 -7 6 -5
ligand (log M)
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Heterobivalent compounds with combined HR agonistic and antagonistic moieties
(Table 5.3)

For most bivalent ligands interacting with two himgl sites (orthosteric-orthosteric or
orthosteric-accessory), co-activatiera two agonistic pharmacophores is required for
maximal effects®3° However, these findings are in contrast to sevetiaér reports in
which maximal signaling results from the combinataf agonistic with antagonistic or
inverse agonistic pharmacophor&&’ In this context, heterobivalent ligands with
combined agonistic and antagonistic functionaljties. agonistic/antagonistic hybrid
molecules, were synthesized and investigated regatteir R activities. The hybrid
molecules were constructed by combining the agen&{2-amino-4-methylthiazolyl)-
propylguanidine moiety with the core structure giguidinomethylphenoxyalkylamine-
type antagonists (Figure 5.5).

H3C )N\HZ “&L
N N N \N/ ‘:g /@O
>\/S H \N/\/\O
H5C :
® H5R agonistic moiety H,R antagonistic moiety
N /
Y

NWN \N - x>0 N

agonistic/antagonistic hybrid

Figure 5.5. Design of HR agonistic/antagonistic hybrid molecules. The &ganbuilding block derived
from NC-acylated 3-(2-amino-4-methylthiazol-5-yl)propylgigines; the antagonistic building block

derived from roxatidine-related piperidinomethylpbgypropylamine derivatives.

The hybrid molecules.63 showed moderate partial agonism at,RFGsus (PEGo =
7.32), but potent neutral antagonism at the pBsis (pKs = 7.91). As expected,
removal of the basic piperidino group in the antagiic roxatidine-related
pharmacophore5(65 resulted in a shift from antagonistic to agouwisictivity at the
gpH:R-Gsug, i.e. 5.65was a weak agonist at both receptors. Notablyhgalion of the
spacer combining the agonistic and the antagoms$iemacophores (n:-8 14, cf.5.63
vs. 5.64 resulted in the opposing biological responsescdntrast t05.63 5.64 is a
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neutral antagonist at the BRFGsus (pKs = 6.49) and moderate partial agonist at the
gpH:R-Gsus (PEGso = 7.15). Moreover, the introduction of a squarangtoup, which
was recently found to increase both th&kHhntagonistic activities and the preference for
the HR over the HR,* had no significant effect on theRi mediated response (compare
5.64with 5.66).

With respect to bR agonistic potency, the hybrid approach combitiaB agonistic and
H,R antagonistic moieties proved to be inappropridiewever, the discrepancies
between the qualities of action depending of th& Kpecies orthologs give rise to
speculations about different binding modes of thegbrid molecules at the gpR

compared to the hiR.

Table 5.3.Agonistic and antagonistic effects of agonisticdgonistic hybrid molecules at bBR-Gsxs and

gpH.R-Gsus fusion proteins in the steady-state GTPase dssay.

H,C NH, O (0]
)\\ AN R
~ N N X (0]

N>\/S H n
HoN 5.63-5.66
thR-GSdS nggR'GS(lS
No-n X R PEC/(PKs)  Enmax PECso/(PKs)  Enmar
Oty l:)Otrel
+SEM +SEM +SEM +SEM
His 5.90 £ 0.09 1.00 1.0 5.92 £ 0.09 1.00 100
0.60
563 8 NH ,O 7.32+£0.06 26.3 (7.91+£0.02) - -
3y +0.03
0.86
5.64 14 NH ,\O (6.49 £0.19) - - 7.15+£0.05 17.0
% +0.02
0.57 0.81
565 8 NH H 6.82 £0.14 8.3 7.05 £ 0.06 13.5
+0.04 +0.02
(o] o]
6 0.21
566 8 é“\NHNj:(N?& O (7.03+0.10) - .~ 633007 2.6
NR R e +0.03

aSteady-state GTPase activity in Sf9 membranes ssimg hHR-Gsisand gpHR-Gsiswas determined as
described irPharmacological methods. Reaction mixtures contained ligands at concentiatfrom 1 nM

to 10 uM as appropriate to generate saturated concemtreggponse curves. For antagonism, reaction
mixtures contained histamine (1 uM) and ligandsatcentrations from 1nM to 100 uM. Data were
analyzed by nonlinear regression and were begb fRigmoidal concentration-response curves. Typical
basal GTPase activities ranged betwedn5 and 2.5 pmehgmin™ and activities stimulated by histamine
(100 uM) ranged betweer 2 and 13 pmahg™min™. The efficacy (E.y) of histamine was determined by
nonlinear regression and was set to 1.0. Thg #alues of other agonists were referred to thiseaData
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shown are means + SEM of 2-8 independent expersnegrformed in duplicate. The relative potency of
histamine was set to 1.0, and the potencies ofr @benists were referred to this valuesd@alues were
converted to I values using the Cheng-Prusoff equafion.

Inhibition of the 5.26-stimulated GTP hydrolysis byfamotidine

According to the procedure described in chaptahd,H.R-mediated effect of bivalent
acylguanidine-type ligands was confirmed by the estigation of representative
unsymmetrical bivalent ligands in the presencehef tbR antagonist famotidine. As an
example, the inhibition of thB.26-stimulated GTPase activity by theR antagonist is
depicted in Figure 5.6. At both, hR-Gsis and gpHR-Gsis, 5.26-stimulated GTP
hydrolysis was inhibited in a concentration-dependeanner, confirming the measured
GTPase activity to be stimulated via theRH Thus, direct G-protein activation can be
clearly ruled out. The calculateds Kralues of famotidine (52 + 22 nM and 65 + 32 nM,
Fig. 5.6) determined again&.26 at hHR-Gsis and gpHR-Gsus respectively, are
comparable to data obtained from GTPase assayg tstamine as the JR agonist
(reported K values, hHR-Gsus: 48 + 10 nM, gpHR-Gais: 38 + 3 nM)*°

Figure 5.6. Concentration-dependent inhibition
100+ of GTP hydrolysis by famotidine using 26 as
agonist at concentrations of 10 nM and 1 nM at
the hHR-Gsis (solid line) and the gpiR-Gsug
fusion proteins (dashed line), respectively. Data

points are means of a representative experiment

GTP hydrolysis (%)
S

04 performed in duplicate. g values were
- converted to l§ values using Cheng-Prusoff
-10 9 -8 -7 6 -5 -4 equatior®

log ¢ (famotidine)
Kg [NM]

hH,R-Gso g 52 + 22
gpH,R-Gsoig 65 + 32

5.3.2 Agonistic activity on histamine HR mutants/chimera

In agreement with previous studf@$€’*?all newly synthesized bivalent acylguanidines
(except5.32 and 5.63 were significantly more potent and efficacioustla¢ gpHR
relative to the hkR, as revealed in GTPase assays (cf. Tables 51As3discussed in

chapter 4, these differences may result from spedgpendent interactions with both the
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orthosteric and the putative accessory binding 3ite latter is probably located in the
extracellular domain, and amino acids in the e lace possible candidates to interact
with bivalent ligands. To study the role of partamuamino acids and the e2 loop, selected
bivalent ligands were tested onRimutants, in which Cys-17 and Ala-271 in the;RH
were replaced by Tyr-17 and Asp-271 as in the gokind four different amino acids in
the e2 loop were reciprocally mutated gR-IC17Y-A271D- Gas, hHR-C17Y- Gsis,
hH,R-gpE2- Gas, gpHR-hE2- Gsis).??® As summarized in Table 5.4, all investigated
titte compounds exhibited similar potencies andcaffies at mutant hiR-gpE2-Gsis
and gpHR-hE2-Gsis compared to the corresponding wild-type,RHzsus and gpHR-
Gsus, respectively. Hence, these results do not indidakect interactions of the mutated
residues with the bivalent ligands. Furthermoreyestigations of selected bivalent
acylguanidines on human,R mutants (Cys-1ATyr-17, Ala-271-Asp-271) confirmed
that the sensitivity of the double mutant agaimggtrast stimulation is shifted to that of the
gpH:R isoform. Thus, both Tyr-17 in TM1 and Asp-271TiM7 or at least Asp-271 are
key residues for highly potent and efficaciougRHactivation.

Table 5.4. Potencies and efficacies of bivalent acylguanidype HR agonists at hiR-gpE2-Gsig,
gpH,R-hE2-Gsig, hH,R-C17Y-A271D-Gss and hHR-C17Y-Gsis expressed in Sf9 cell membraries.

hH,R-gpE2- gpH,R-hE2- | hH,R-C17Y- hH,R-C17Y-
Gsugs Gsus A271D-Gsug Gsos
Compd. 5
Emax PECso Emax PECso | Emax PECso Emax PECso
+SEM +SEM *SEM *SEM +SEM +SEM  +SEM  +SEM
HIS?"28 1.00 6.16  1.00 5.855 1.00 6.50 1.00 6.59
AMT 272 0.94 6.86  0.94 6.53 0.97 719 086 6.93
+0.05 +006 +006  +0.09: +0.01 +0.02 +0.19 +0.04
0.70 8.05 0.91 8.35 0.79 871 059 7.87
>26 +005 +0.04 003 $021 | +0.02 +0.12 +0.02 +0.05
0.77 8.14 0.98 8.65 0.82 871  0.65 8.31
>27 +005 +003 +006 *007 | +0.03 +0.02 +0.08 +0.31
0.56 7.03 0.96 7.45 0.67 739 023 7.08
>29 £003 011 *007 +001 | +0.04 +0.04 +0.02 +0.06
0.14 6.71 0.58 6.67 | 0.13 6.38
5.47 ; nd’
£0.05 £012 005 007 +0.02 +0.06

& Steady state GTPase activity in Sf9 membranes ssimg hHR-gpE2-Gsis, gpHR-hE2-Gsis, hHR-
C17Y-A271D-Gss and hHR-C17Y-Gsis was determined as described Rharmacological methods.
Reaction mixtures contained ligands at concenmativom 1 nM to 10uM as appropriate to generate
saturated concentration-response curves. Data avealyzed by nonlinear regression and were besb fit
sigmoidal concentration-response curves. Typicahb&TPase activities ranged betwee.5 and 1.5

166



Heterobivalent motifs and variations of the spacét,R agonists

pmotmg™min™ for hH,R-gpE2-Gsis and gpHR-hE2-Gsis, ~ 2.5 and 3.0 pmohg™min™ for hH,R-C17Y-
A271D-Gsis and = 0.70 and 1.25 pmohg'min™ for hH,R-C17Y-Gsis, and activities stimulated by
histamine (10QuM) ranged betweer 2.8 and 5.0 pmahg™min™ for hH,R-gpE2-Gsis and gpHR-hE2-
Gwxis, ~ 1.1 and 4.5 pmahg min™ for hH,R-C17Y-A271D-Gss and~ 1.1 and 1.8 pmahg min™ for
hH,R-C17Y-Gsis. The efficacy (ks Of histamine was determined by nonlinear regogsaind was set to
1.0. The R values of other agonists were referred to thiseaData shown are means + SEM of one to
two experiments performed in duplicatend: not determined.

5.3.3 Receptor selectivity

To verify the histamine receptor selectivity prefihuman BHR vs. HiR, HsR, HsR)
representative compounds were investigated in GIBssays on recombinant human H
Hs; and H, receptors for agonism and antagonism, respect{Veile 5.5). In accordance
with the results of chapters 3 and 4, all investda®-acylated aminothiazolylpropyl-
guanidine-type bR agonists proved to be devoid of agonistic andgontistic activities
or to have only negligible effects on histamineeggors other than the,R. By contrast,
compound5.27, which comprises one imidazolylpropylguanidine etpj showed also
significant activities at the other histamine rdoesubtypes. In particulaB.27 turned
out to be a highly potent RR and hHR partial agonist with E& values in the low

nanomolar range.

Table 5.5.Histamine receptor subtype selectivity of selediadlent ligands. Agonistic, antagonistic and
inverse agonistic effects at bRl + RGS4, hbBR-GxuS, hHR + Ga, + GByy, + RGS4 andhH,R-GAIP +

Gai, + GB.1y, expressed in Sf9 cell membraries.

hH,R hH,R hH3R hH,R
PECso PECso PECso
Compd- (pKB) Emax Emax Emax
(PKe) (PKg) (PKe)
7.86 0.75
5.26 (< 6.00) (< 5.00) - (< 5.00) -
+0.11 +0.04
5 27 (6.27 8.12 0.76 8.54 0.68 8.07 0.52
' +0.19) +0.04 +0.05 +0.02 +0.06 +0.09 +0.03
7.16 0.44
5.29 (< 6.00) (< 6.00) - (< 6.00) -
+0.20 +0.05
(6.11 6.81 0.45 -0.87
5.31 <6.00 <6.00 —0.66
+0.03) +0.11 +0.11 +0.12
(6.18 7.66 0.46
5.33 (< 6.00) - (< 6.00) -
+0.01) +0.06 +0.03
7.50 0.53 -0.50 -0.49
5.39 (< 6.00) <6.00 <6.00
+0.04 +0.02 +0.05 +0.07
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Table 5.5.(continued)

(6.07 7.68 0.58
5.41 (< 6.00) - (< 6.00) -
+0.03) +0.11 +0.03
7.25 0.82
5.42 (< 6.00) (< 6.00) - (< 6.00) -
+0.21 +0.07
6.62 0.79
5.45 (< 6.00) <5.00 -0.25 <5.00 - 0.65
+0.23 +0.07
6.82 0.69
5.46 (< 6.00) (< 5.00) - (< 5.00) -
+0.01 +0.11
7.13 0.73
5.49 (< 6.00) (<5.00) - (< 6.00) -
+0.22 +0.06
732+ 0.60
5.63 (< 6.00) <6.00 -041 <6.00 -0.39
0.06 +0.03
(7.03 £
5.66 (< 6.00) - <6.00 -0.31 (< 6.00) -
0.10)

4 Steady state GTPase activity in Sf9 membranes ssiig@ hHR+RGS4, hHR-GuS,
hH;R+Ga;,+GBy.+RGS4 and hER-GAIP+CGuj,+GpB1y, was determined as describedRharmacological
methods. Reaction mixtures contained ligands at concentratfrom 1 nM to 1 mM as appropriate to
generate saturated concentration-response cureesarfiagonism, reaction mixtures contained histamin
(hHR: 1 uM; hKR, hH,R: 100 nM) and ligands at concentrations from 1toM mM. Data were analyzed
by nonlinear regression and were best fitted taneigal concentration-response curves. Typical basal
GTPase activities ranged between.5 and 2.5 pmohg™min™ and activities stimulated by histamine (10
uM) ranged between 3.5 and 4.5 pmohgmin™. Data shown are mean values of one to four exerisn
performed in duplicate. Efficacy (&) relative to the maximal response of histamine.801 Negative
values :Igesfer to inverse agonistic effectsgol@alues were converted togKvalues using Cheng-Prusoff
equation’

5.4 Summary

After successful application of the bivalent ligamaghproach to acylguanidine-type
ligands, the present study was focused on the ada¢mature of the spacer as well as on
unsymmetrical bivalent ligands bearing two diffareats of pharmacophoric groups. The
novel KR agonists are promising pharmacological toolsnfore detailed investigations
of the HR. In agreement with the results of chapter 4, tenbination of two
hetarylpropylguanidine moieties with decanedioydagr resulted in the most potertRH
agonists. Replacing the second hetarylpropylguaaidmoiety with simple alkyl
guanidine groups afforded high,RI agonistic activities (Ef§g values in the low
nanomolar range), whereas all other variationshis part of the molecule led to

drastically decreased potencies. A further decreaseotency resulted from the
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elimination of the second guanidino group, corraltiog the importance of a basic centre
at an appropriate distance to the pharmacophom@btain highly potent bivalent JR
agonists. These results are consistent with theegirof interaction with the orthosteric
and an accessory binding site of ongRHprotomer, i. e. the accessory binding site can
accommodate the second acylguanidine portion. THapending on the substitution
pattern, the acylguanidine moiety seems to be satite structural motif to address an
accessory recognition site at theRHd To explore the topology of this putative sitanore
detail, further investigations on ;R mutants are necessary. Moreover, structural
modifications of the spacer (insertion of disulfidenide, ether as well as rigid phenylene
groups) led to drastically decreased potencies,taaadombination of an agonistic 3-(2-
amino-4-methylthiazol-5-yl)propylguanidine  moiety itv antagonistic piperidino-
methylphenoxypropylamines proved to be inappropriaith respect to HR agonistic
activities. Actually, the agonistic/antagonistidongl molecules showed different qualities
of action at hHR compared to gpiR. It can be speculated if these results indicate a
different binding mode for the gpR compared to the hR. In summary, this study
substantiates the results obtained witiRtgonistic twin compounds, suggesting that the
increase in potency is due to interaction with aoeasory binding site at the same
receptor protomer rather than to simultaneous acten with the orthosteric binding

pockets of a hypothetical receptor dimer.

5.5 Experimental section

5.5.1 Chemistry

5.5.1.1 General conditions
See section 3.5.1.1.

The optical rotationd) was measured on a Perkin-Elmer Polarimeter 24alt(&m,

USA). HbO/MeCN (1:1) was used as solvent and the polarinveds thermostated at 20
°C. [a], = o/cl; in this equation | is the path length in decierst and c is the
concentration in g/ml for a sample at 20°C andwia@elengthh. = 589 nm. The sign of

rotation (+ or —) is always given.
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5.5.1.2 Preparation of the Boc-protected building lock 5.2

10-Benzyloxy-10-oxodecanoic acid (5.F)

Phenylmethanol (0.25 ml, 2.5 mmol) was added drepwb a cooled suspension of
decanedioic acid (0.5 g, 2.5 mmol) and DMAP (cat3 ml THF/abs. A solution of DCC
(0.61 g, 3.0 mmol) in 3 ml THF/abs was added drgpwo this mixture and stirred for 72
hours at ambient temperature. Subsequently, 1ycidlcexylurea was filtered off and the
solvent removed under reduced pressure. The croo@ugt was subjected to flash
chromatography (PE/EtOAc 90/10 v/v) to obtabnl (0.34 g, 47 %) as colorless
semisolid *H-NMR (CDCL) & (ppm): 10.88 (s, 1H, COE), 7.34 (m, 5H, AH), 5.11 (s,
2H, CH,-Ar), 2.34 (m, 4H, CO€El,), 1.61 (m, 4H, COCKCH>), 1.29 (s, 8H, (E,)s);
13C-NMR (CDCE) & (ppm): 179.80 (quaCOOH), 173.72 (quaC=0), 136.12 (quat. Ar-
C), 128.55 (+, Ar€H), 128.18 (+, Ar€H), 66.11 (-,CH,-Ar), 34.30 (-,CH,COOH),
34.04 (-, C@Hy), 29.02 (-,CHy), 28.96 (-,CH,), 24.90 (-, COCKLCH,), 24.64 (-,
CH,CH,COOH); EI-MS (70 eV)Wz (%): 292 (M", 30); G7H2404(292.37).

10-((tert-Butoxycarbonylamino){3-[2-(tert-butoxycarbonylamino)-4-methylthiazol-5-
yl]propylamino}aminomethylene)-10-oxodecanoic aci@5.2)

DIEA (0.09 ml, 0.5 mmol) was added to a solutiorbdf (150 mg, 0.5 mmol), EDAC (95
mg, 0.5 mmol) and HOBt-monohydrate (80 mg, 0.5 mnmol 3 ml DCM/abs under
argon and stirred for 15 min. A solution ®f17 (207 mg, 0.5 mmol) in 2 ml DCM/abs
was added and the mixture stirred overnight at rdemperature. The solvent was
removed under reduced pressure, EtOAc and water agited to the residue, the organic
phase was separated and the aqueous layer extractédnes with EtOAc. After drying
over MgSQ, the organic solvent was removed vacuo. The crude benzyl-protected
compound was purified by flash chromatography (REA€ 70/30-50/50 v/v) yielding a
pale yellow oil, which was immediately dissolvedlid ml MeOH and hydrogenated over
Pd/C catalyst for 1 h at room temperature. Aftérafiion over Celite, the solvent was
removed under reduced pressure to obfaih(210 mg, 70 %) as colorless foam-like
solid. 'H-NMR (CDCk) & (ppm): 3.47 (m, 2H, B,NH), 2.70 (t,°J = 7.1 Hz, 2H, Thiaz-
5-CH,), 2.33 (m, 4H, E€I,COOH, COM®,), 2.16 (s, 3H, Thiaz-44d3), 1.88 (m, 2H,
Thiaz-5-CHCH>), 1.64 (m, 4H, COCKCH,, CH,CH,COOH), 1.53 (s, 9H, C(&s)3),
1.49 (s, 9H, C(B3)3), 1.33 (s, 8H, (El,)4); ES-MS (DCM/MeOH + NHOACc) m/z (%):
598 (MH', 100); GgHaNsO7S (597.77).
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5.5.1.3 Preparation of the Boc- and Cbz-protectedugnidine building
blocks 5.3-5.13"%°

General procedure

NEt; (3 eq) was added to a suspension of the pertowntmercially available amine (1
eq),3.3(1 eq) and HgGI(2 eq) in DCM/abs and stirred at ambient tempeeator 48 h.
Subsequently, EtOAc was added and the precipit#terefi over Celite. The crude
products were purified by flash chromatography BR&Ac 80/20 v/v) unless otherwise
indicated to give the Boc- and Cbhz-protected guapgb.3-5.13

tert-Butyl (benzyloxycarbonylamino)(3-phenylpropylamingmethylenecarbamate
(5.3)

The title compound was prepared from 3-phenylpramyhe (0.27 g, 0.28 ml, 2.0 mmol),
3.3(0.65 g, 2.0 mmol), HgG1.09 g, 4.0 mmol) and NE¢0.61 g, 0.84 ml, 6.0 mmol) in
10 ml DCM/abs and 10 ml EtOAc according to the gehprocedure yielding.3 (0.69
g, 84 %) as colorless oil. CI-MS (NHM/z (%): 412.3 (MH, 100); GaH29N30;4 (411.5).

tert-Butyl (benzyloxycarbonylamino)(3,3-diphenylpropylanino)methylene-
carbamate (5.4)

The title compound was prepared from 3,3-diphemgplamine (0.21 g, 1.0 mmol}.3
(0.32 g, 1.0 mmol), HgGI(0.54 g, 2.0 mmol) and NE{0.30 g, 0.41 ml, 3.0 mmol) in 8
ml DCM/abs and 10 ml EtOAc according to the genpracedure yielding.4 (0.43 g,
88 %) as colorless oifH-NMR (CDsOD) & (ppm): 7.41-7.08 (m, 15H, A), 5.07 (s,
2H, CH.-Ar), 3.98 (t,%) = 7.68 Hz, 1H, (ARCHCH,), 3.37 (t,%J = 7.14 Hz, 2H,
CH2NH), 2.33 (m, 2H, CHEl,), 1.51 (s, 9H, (E3)3); ES-MS (DCM/MeOH + NHOAC)
m/z (%): 488.1 (MH, 100); GgH33N30;4 (487.59).

tert-Butyl (benzyloxycarbonylamino)(benzylamino)methyl@ecarbamate (5.5)

The title compound was prepared from benzylamingl(@, 1.0 mmol)3.3(0.32 g, 1.0
mmol), HgC} (0.54 g, 2.0 mmol) and NE€0.30 g, 0.41 ml, 3.0 mmol) in 8 ml DCM/abs
and 10 ml EtOAc according to the general proceduetling 5.5 (0.40 g, 100 %) as
white foam-like solid.*H-NMR (CDsOD) & (ppm): 7.45-7.28 (m, 10H, Ar), 5.16 (s,
2H, CH2-Ar), 4.63 (d,%J = 5.65 Hz, 2H, El,NH), 1.47 (s, 9H, (El3)3); CI-MS (NHs)
m/z (%): 384.2 (MH, 100); GiH2sN30, (383.44).

171



Chapter 5

(S)-tert-Butyl  (benzyloxycarbonylamino)(1-phenylethylaminojnethylenecarbamate
(5.6)

The title compound was prepared fro®-{-phenylethylamine (0.18 g, 0.19 ml, 1.5
mmol), 3.3 (0.49 g, 1.5 mmol), Hggl(0.81 g, 3.0 mmol) and NE(0.46 g, 0.65 ml, 4.5
mmol) in 10 ml DCM/abs and 10 ml EtOAc accordinghe general procedure yielding
5.6 (0.59 g, 99 %) as yellow oitH-NMR (CDsOD) & (ppm): 7.41-7.29 (m, 10H, A,
5.4 (9,2) = 6.9 Hz, 1H, Ar-®), 5.13 (s, 2H, Ar-El,), 1.53 (d.>J = 6.9 Hz, 3H, CHEl3),
1.48 (s, 9H, (€l3)3); CI-MS (NHs) m/z (%): 398.2 (MH, 100); G2H27N304 (397.20).

(R)-tert-Butyl (benzyloxycarbonylamino)(1-phenylethylaminojnethylenecarbamate
(5.7)

The title compound was prepared froR)-L-phenylethylamine (0.18 g, 0.19 ml, 1.5
mmol), 3.3 (0.49 g, 1.5 mmol), Hggl(0.81 g, 3.0 mmol) and NE(0.46 g, 0.65 ml, 4.5
mmol) in 10 ml DCM/abs and 10 ml EtOAc accordinghe general procedure yielding
5.7 (0.63 g, 100 %) as colorless oil. CI-MS (§HmM/z (%): 398.3 (MH, 100);
Ca2H27N30,4 (397.20).

tert-Butyl (benzyloxycarbonylamino)(4-methoxybenzylamio)methylenecarbamate
(5.8)

The title compound was prepared from 4-methoxybkemaye (0.20 g, 1.0 mmolR.3
(0.32 g, 1.0 mmol), HgGI(0.54 g, 2.0 mmol) and NE{0.30 g, 0.41 ml, 3.0 mmol) in 8
ml DCM/abs and 10 ml EtOAc according to the genpracedure. Purification by flash
chromatography (gradient: 0-4 min: PE/EtOAc 108/Q,6 min: 90/10, 20-23 min: 60/40)
yielded5.8(0.28 g, 67 %) as colorless diH-NMR (CD;OD) & (ppm): 7.40-7.28 (m, 5H,
Ar-H), 7.24 (d,J = 8.5 Hz, 2H, ArH), 6.89 (d,®J = 8.5 Hz, 2H, ArH), 5.12 (s, 2H,
CH2-Ar), 4.49 (s, 2H, EI;NH), 3.77 (s, 3H, OH3), 1.50 (s, 9H, (B3)3); ES-MS
(DCM/MeOH + NHOAC) m/z (%): 414.1 (MH, 100); GoH27N305 (413.47).

tert-Butyl (benzyloxycarbonylamino)(3,4-dimethoxybenzyamino)methylene-
carbamate (5.9)

The title compound was prepared from 3,4-dimethexrgylamine (0.17 g, 1.0 mmol),
3.3(0.32 g, 1.0 mmol), HgEk0.54 g, 2.0 mmol) and N&€0.30 g, 0.41 ml, 3.0 mmol) in
8 ml DCM/abs and 10 ml EtOAc according to the gahprocedure yieldin.9 (0.38 g,
86 %) as yellow oil. CI-MS (Nk) m/z (%): 443.3 (MH, 100); GsH29N30s (443.49).
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tert-Butyl (benzyloxycarbonylamino)(methylamino)methylenecarbamate (5.10)

The title compound was prepared from methylaming (@ 2M in THF, 1.0 mmol)3.3
(0.32 g, 1.0 mmol), HgGI(0.54 g, 2.0 mmol) and NE{0.30 g, 0.41 ml, 3.0 mmol) in 8
ml DCM/abs and 10 ml EtOAc according to the genpratedure yielding.10(0.21 g,
68 %) as colorless oifH-NMR (CDsOD) & (ppm): 7.33 (m, 5H, AH), 5.11 (s, 2H,
CH2-Ar), 2.90 (s, 3H, NHE13), 1.51 (s, 9H, (B3)3); ES-MS (DCM/MeOH + NHOAC)
m/z (%): 308 (MH, 100); GsH21N3O4 (307.35).

tert-Butyl (benzyloxycarbonylamino)(propylamino)methylenecarbamate (5.11)

The title compound was prepared from propylamin€gCy, 0.08 ml, 1.0 mmol)3.3
(0.32 g, 1.0 mmol), HgGl(0.54 g, 2.0 mmol) and NE{0.30 g, 0.41 ml, 3.0 mmol) in 8
ml DCM/abs and 10 ml EtOAc according to the genpratedure yieldind.11 (0.28 g,
83 %) as colorless oitH-NMR (CDsOD) & (ppm): 7.32 (m, 5H, AH), 5.11 (s, 2H,
CH2-Ar), 3.33 (m, 2H, Ei;NH), 1.58 (m, 2H, €l,CHs), 1.52 (s, 9H, (E3)3), 0.94 (m,
3H, CH,CH3); ES-MS (DCM/MeOH + NHOACc) m/z (%): 336 (MH, 100); G7H2sN3O;4
(335.4).

tert-Butyl (benzyloxycarbonylamino)(isobutylamino)methylenecarbamate (5.12)

The title compound was prepared from isobutylanié7 g, 1.0 mmol)3.3(0.32 g, 1.0
mmol), HgC} (0.54 g, 2.0 mmol) and NE€0.30 g, 0.41 ml, 3.0 mmol) in 8 ml DCM/abs
and 10 ml EtOAc according to the general proceduetling 5.12 (0.30 g, 86 %) as
colorless oil*H-NMR (CDs;OD) & (ppm): 7.34 (m, 5H, AH), 5.11 (s, 2H, E,-Ar), 2.21
(d, °J = 6.9 Hz, 2H, NHEI,CH(CHs)y), 1.85 (m, 1H, EI(CHs),), 1.53 (s, 9H, (El3)3),
0.94 (m, 6H, CH(El5),); ES-MS (DCM/MeOH + NHOAC) m/z (%): 350.1 (MH, 100);
Ci18H27N304 (349.42).

tert-Butyl  (benzyloxycarbonylamino)(ert-butyl-3-aminopropylcarbamate)methyl-
enecarbamate (5.13)

The title compound was prepared fraent-butyl 3-aminopropylcarbamate (0.17 g, 1.0
mmol), 3.3 (0.32 g, 1.0 mmol), Hg&l(0.54 g, 2.0 mmol) and NE{0.30 g, 0.41 ml, 3.0
mmol) in 8 ml DCM/abs and 10 ml EtOAc accordingthe general procedure yielding
5.13(0.40 g, 89 %) as yellow oitH-NMR (DMSO-d;) 3 (ppm): 8.48 (m, 1H, N), 7.42-
7.29 (m, 5H, ArH), 6.84 (m, 1H, M), 5.03 (s, 2H, E»-Ar), 3.30 (m, 2H, EI,NH), 2.92
(m, 2H, H,NHBoc), 1.58 (m, 2H, 6,CH,NH), 1.48 (s, 9H, (E3)3), 1.36 (s, 9H,
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(CH3)s); ES-MS (DCM/MeOH + NHOAC) m/z (%): 451.1 (MH, 100); GoH3aN4Os
(450.53).

5.5.1.4 Preparation of theN®-Boc-protected guanidine building blocks
5.14-5.25"4°

General procedure for the synthesis of Boc-protecte guanidine building blocks
5.14-5.24

The title compounds were prepared from the cormedipg Boc- and Cbz-protected
guanidines.3-5.13by hydrogenation over Pd/C (10 %) in a mixturd biF/MeOH (1:1)
for 3-5 days at 8 bar (TLC control). After filtrah over Celite and washing with MeOH,
the solvent was removeih vacuo to give the pertineniN®-Boc-protected guanidine
building blocks5.14-5.24

tert-Butyl amino(3-phenylpropylamino)methylenecarbamate(5.14)"

The title compound was prepared fr&3 (0.69 g, 1.7 mmol) and 0.5 g of Pd/C (10 %)
in a mixture of 120 ml THF/MeOH (1:1) accordingthee general procedure yieldisgl4
(0.47 g, 100 %) as colorless foam-like sofid-NMR (CDCk) & (ppm): 7.32-7.14 (m,
5H, Ar-H), 3.29 (m, 2H, E;,NH), 2.70 (m, 2H, El>-Ar), 1.95 (m, 2H, ArCHCH,), 1.54
(S, 9H, (GH3)3); CI-MS (NHs) m/z (%): 278.2 (MH, 100); GsH23N30, (277.36).

tert-Butyl amino(3,3-diphenylpropylamino)methylenecarbanate (5.15)

The title compound was prepared fr&# (0.43 g, 0.9 mmol) and 0.45 g of Pd/C (10 %)
in a mixture of 140 ml THF/MeOH (1:1) accordingthee general procedure yieldisgl5
(0.28 g, 88 %) as colorless foam-like softtl-NMR (CDCk) & (ppm): 7.31-7.11 (m,
10H, ArH), 4.03 (t,3 = 7.7 Hz, 1H, (ACHCH,), 3.10 (1,3 = 7.41 Hz, 2H, E,NH),
2.31 (m, 2H, CHEl,), 1.44 (s, 9H, (El3)3); ES-MS (DCM/MeOH + NHOAc) m/z (%):
354 (MH', 100); G1H27N30> (353.46).

tert-Butyl amino(benzylamino)methylenecarbamate (5.169

The title compound was prepared fré&m (0.4 g, 1.0 mmol) and 0.4 g of Pd/C (10 %) in
a mixture of 100 ml THF/MeOH (1:1) according to tieneral procedure yieldirg16
(0.21 g, 84 %) as white solid. mp = 127-129 %@:NMR (CDCk) & (ppm): 7.4-7.31 (m,
5H, Ar-H), 4.51 (m, 2H, E,NH), 1.47 (s, 9H, (B3)3); CI-MS (NHs) m/z (%): 250.1
(MH, 100); G3sH19N30; (249.31).
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(S)-tert-Butyl amino(1-phenylethylamino)methylenecarbamatg5.17)

The title compound was prepared fr&ns (0.59 g, 1.5 mmol) and 0.6 g of Pd/C (10 %)
in a mixture of 120 ml THF/MeOH (1:1) accordingthe general procedure yieldidgl7
(0.36 g, 92 %) as colorless diH-NMR (CDCk) & (ppm): 7.35 (m, 5H, AH), 5.04 (q,3J

= 7.41 Hz, 1H, Ar-®), 1.59 (d2J = 7.41 Hz, 3H, CHEB3), 1.47 (s, 9H, (El3)s); CI-MS
(NH3) m/z (%): 264.2 (MH, 100); G4H21Nz0, (263.34).

(R)-tert-Butyl amino(1-phenylethylamino)methylenecarbamate5.18)"’

The title compound was prepared fré&n7 (0.6 g, 1.5 mmol) and 0.6 g of Pd/C (10 %) in
a mixture of 120 ml THF/MeOH (1:1) according to tieneral procedure yieldirg18
(0.37 g, 94 %) as colorless solid. mp = 115-117#GNMR (CDCk) & (ppm): 7.35 (m,
5H, Ar-H), 5.04 (9,2 = 7.41 Hz, 1H, Ar-€l), 1.59 (d3J = 7.41 Hz, 3H, CHE3), 1.47
(S, 9H, (H3)3); CI-MS (NHs) m/z (%): 264.2 (MH, 100); G4H21N30, (263.34).

tert-Butyl amino(4-methoxybenzylamino)methylenecarbamat (5.19"

The title compound was prepared frém8 (0.27 g, 0.65 mmol) and 0.27 g of Pd/C (10 %)
in a mixture of 140 ml THF/MeOH (1:1) accordingtt® general procedure yieldibgl9
(0.15 g, 80 %) as colorless diH-NMR (CDCL) & (ppm): 7.23 (dJ = 8.51 Hz, 2H, Ar-
H), 6.90 (d,2J = 8.51 Hz, 2H, AH), 4.31 (s, 2H, @NH), 3.77 (s, 3H, O85), 1.44 (s,
9H, (CH3)3); ES-MS (DCM/MeOH + NHOAC) m/z (%): 280.1 (MH, 100); G4H2:N303
(279.33).

tert-Butyl amino(3,4-dimethoxybenzylamino)methylenecaramate (5.20)

The title compound was prepared fr&® (0.38 g, 0.86 mmol) and 0.4 g of Pd/C (10 %)
in a mixture of 80 ml THF/MeOH (1:1) according teetgeneral procedure yieldiig20
(0.25 g, 94 %) as white foam-like soltH-NMR (CDCL) & (ppm): 7.26 (s, 1H, AH),
6.99-6.68 (m, 2H, AH), 4.53 (s, 2H, Ar-El,), 3.88 (s, 3H, Of83), 3.86 (s, 3H, O83),
1.48 (s, 9H, (€l3)3); CI-MS (NHs) m/z (%): 310.1 (MH, 100); GsH23N304 (309.69).

tert-Butyl amino(methylamino)methylenecarbamate(5.21 "

The title compound was prepared fré&m0(0.21 g, 0.7 mmol) and 0.22 g of Pd/C (10 %)
in a mixture of 80 ml THF/MeOH (1:1) according teetgeneral procedure yieldigg21
(0.12 g, 100 %) as white foam-like solid. ES-MS (@MeOH + NH;OAc) m/z (%): 174
(MH", 100), 347.1 (2MH, 40); GH1sN30, (173.21).
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tert-Butyl amino(propylamino)methylenecarbamate(5.22}"

The title compound was prepared frénil1(0.27 g, 0.81 mmol) and 0.27 g of Pd/C (10
%) in a mixture of 80 ml THF/MeOH (1:1) according the general procedure yielding
5.22(0.16 g, 100 %) as white foam-like soltti-NMR (CDCk) & (ppm): 3.12 (t3J = 7.1
Hz, 2H, GH.NH), 1.57 (m, 2H, El,CHs), 1.44 (s, 9H, (El3)s), 0.96 (t,°) = 7.4 Hz, 3H,
CHyCH3); ES-MS (DCM/MeOH + NHOAC) m/z (%): 202 (MH, 100); GH1oN3O:>
(201.27).

tert-Butyl amino(isobutylamino)methylenecarbamate (5.2

The title compound was prepared fr&i2 (0.30 g, 0.86 mmol) and 0.30 g of Pd/C (10
%) in a mixture of 140 ml THF/MeOH (1:1) accorditmythe general procedure yielding
5.23(0.17 g, 92 %) as yellow oil. ES-MS (DCM/MeOH + MPAc) m/z (%): 216.2
(MH", 100), 257.2 (MA+MeCN, 80); GoH2:1N30;, (215.29).

tert-Butyl amino[(tert-butoxycarbonyl)aminopropylamino]methylenecarbamate
(5.24)

The title compound was prepared fré&m.3(0.36 g, 0.8 mmol) and 0.36 g of Pd/C (10 %)
in a mixture of 80 ml THF/MeOH (1:1) according teetgeneral procedure yieldi®g24
(0.25 g, 100 %) as yellow oitH-NMR (CDCk) & (ppm): 3.19 (t,°J = 6.9 Hz, 2H,
CH,NHBoc), 3.09 (t3J = 6.6 Hz, 2H, E&,NH), 1.68 (m, 2H, &,CH,NH), 1.44 (s, 9H,
(CH3)3), 1.43 (s, 9H, (Bl3)3); ES-MS (DCM/MeOH + NHOAc) m/z (%): 317 (MH,
100); G4H2sN404 (316.4).

tert-Butyl amino(3-cyclohexylamino)methylenecarbamaté5.25)

To a solution 06.14(0.14 g, 0.5 mmol) in 30 ml MeOH was added a gataamount of
Rh/Al,O; and hydrogenated at 7 bar for 4 days. The catatgst removed by filtration
over Celite and washed with MeOH. The solvent vessaved under reduced pressure to
yield 5.25 (0.09 g, 64 %) without further purification as @déss oil. ES-MS
(DCM/MeOH + NH,OAc) m/z (%): 284.1 (MH, 80), 184.1 (MH-Boc, 100);
C1sH29N30; (283.41).

5.5.1.5 Preparation of the piperidinomethylphenoxyppylamine
building blocks 5.60 and 5.61

10-Ox0-10-{3-[3-(piperidin-1-ylmethyl)phenoxy]propylamino}decanoic acid (5.60)
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DIEA (0.09 ml, 0.5 mmol) was added to a solutiorbdf (150 mg, 0.5 mmol), EDAC (95
mg, 0.5 mmol) and HOBt-monohydrate (80 mg, 0.5 myrimoB ml DCM/abs and stirred
for 15 min. A solution of 3-[3-(piperidin-1-ylmethphenoxy]propan-1-amin&.55°
(125 mg, 0.5 mmol) in 2 ml DCM/abs was added arel rthixture stirred overnight at
room temperature. The solvent was removed undercestipressure. Thereafter, EtOAc
and water were added to the residue, the orgarasepivas separated and the aqueous
layer extracted two times with EtOAc. After dryinger MgSQ, the organic solvent was
removed under reduced pressure. Purification bghflehromatography (gradient: 0-2
min: PE/EtOAc 100/0, 3-15 min: 75/25, 16-23 min/&) 24-33 min: 20/80) yielded the
benzyl-protected.60 (120 mg, 46 %) as yellow oil. The intermediate wasediately
dissolved in 6 ml MeOH and hydrogenated with PdBD {ng) for 3 h at room
temperature. After filtration over Celite, the seiw was evaporated under reduced
pressure to obtai’.60 (80 mg, 37 % overall) as colorless diH-NMR (CDs;OD) &
(ppm): 7.29 (t3J = 7.9 Hz, 1H, Ar-5H), 7.11-6.95 (m, 2H, Ar-H, Ar-4-H), 6.70 (m,
1H, Ar-6-H), 4.03 (t,%J = 6.1 Hz, 2H, OEl,CH,), 3.92 (s, 2H, Pip-N-8,), 3.37 (%) =

7.2 Hz, 2H, ®,NH), 2.86 (m, 4H, Pip-8,), 2.17 (m, 4H, COH,), 1.95 (m, 2H,
OCH,CH>), 1.74 (m, 4H, Pip-8,), 1.58 (m, 6H, COCKCH,, Pip-4-CH,), 1.29 (m, 8H,
(CH>)4); EI-MS (70 eV) m/z (%): 433.2 (MH 100); GsHoN204 (432.6).

16-0Ox0-16-{3-[3-(piperidin-1-ylmethyl)phenoxy]propylamino}hexadecanoic acid
(5.6)

To a solution of hexadecanedioic acid (0.4 g, 1raty), EDAC (0.27 g, 1.4 mmol) and
HOBt-monohydrate (0.22 g, 1.4 mmol) in 3 ml DCM/atas added DIEA (0.25 ml, 1.4
mmol) and stirred for 10 min. To this mixture awgan of 3-[3-(piperidin-1-ylmethyl)-
phenoxy]propan-1-amin&.5%> (0.35 g, 1.4 mmol) in 3 ml DCM/abs was added and
stirred overnight at room temperature. The solvesd removed under reduced pressure,
EtOAc and water were added to the residue, thenargahase was separated and the
agueous layer extracted three times with EtOAceAfirying over MgSQ the organic
solvent was evaporated. Purification by flash cratmgraphy (PE/EtOAc 70/30-50/50
v/v) yielded5.61(0.50 g, 69 %) as yellow oitH-NMR (CDCk) & (ppm): 7.28 (m, 1H,
Ar-5-H), 6.98 (m, 3H, AH), 4.02 (t,°J = 6.9 Hz, 2H, OEl,CH,), 3.89 (s, 2H, Pip-N-
CHy), 3.35 (m, 2H, Ei;NH), 2.89 (m, 4H, Pip-8,), 2.18 (m, 4H, CO&,), 1.97 (m, 2H,
OCH,CH)), 1.75 (m, 4H, Pip-8,), 1.58 (m, 6H, COCKCH,, Pip-4-CH,), 1.28 (m, 20H,
(CH2)10); EI-MS (70 eV) m/z (%): 517.3 (MK 100); G1Hs:N2O4 (516.76).
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5.5.1.6 Preparation of the N®-Boc-protected bivalent acylguanidines
5.26a-5.43a and 5.63a-5.66a

General procedure for the synthesis of Boc-protectebivalent acylguanidines 5.26a,
5.27a, and 5.29a-5.42a

DIEA (1 eq) was added to a solution®® (1 eq), EDAC (1 eq) and HOBt-monohydrate
(1 eq) in DCM/abs and stirred for 15 min. A soluatiof pertinent guanidine building
block 3.18 4.8, 5.14-5.250r the Boc-protected 2-amino-4-methylthiazol-5rglpylamine
3.13(1 eq) in DCM/abs was added and the pertinenturexstirred overnight at room
temperature. The solvent was removed under redpeessure. EtOAc and water were
added to the residue, the organic phase was segamadl the aqueous layer extracted two
times with EtOAc. After drying over MgSQthe organic solvent was removed under
reduced pressure. The crude product was purifiefldsyh chromatography (PE/EtOAc
70/30-50/50 v/v) unless otherwise indicated.

N-((tert-Butoxycarbonylamino){3-[2-(tert-butoxycarbonylamino)-4-methylthiazol-5-
ylJpropylamino}methylene)-N*°-((tert-butoxycarbonylamino){3-[2-(tert-
butoxycarbonylamino)thiazol-5-yl]propylamino}methylene)decanediamid€5.26a)
The title compound was prepared frd? (135 mg, 0.23 mmol), EDAC (44 mg, 0.23
mmol), HOBt-monohydrate (35 mg, 0.23 mmol), DIEAO® ml, 0.23 mmol) in 3 ml
DCM/abs and3.18 (92 mg, 0.23 mmol) in 2 ml DCM/abs according t@ theneral
procedure yieldind.26a(120 mg, 57 %js a brown oil'H-NMR (CDCk) & (ppm): 7.05
(s, 1H, Thiaz-4H), 3.47 (m, 4H, El,NH), 2.75 (m, 4H, Thiaz-5-B5), 2.34 (m, 4H,
COCHy), 2.21 (s, 3H, Thiaz-4483), 1.91 (m, 4H, Thiaz-5-C§CH,), 1.65 (m, 4H,
COCH,CHy), 1.54 (s, 18H, C(B3)3), 1.50 (s, 18H, C(B3)3), 1.32 (m, 8H, (El,),); ES-
MS (DCM/MeOH + NHOAC) m/z (%): 979.6 (MH, 100); GsH7aN10010S; (978.50).

N*-{(tert-Butoxycarbonylamino)[3-(1-trityl-1 H-imidazol-4-yl)propylamino]-
methylene}-N%((tert-butoxycarbonylamino){3-[2-(tert-butoxycarbonylamino)-4-
methylthiazol-5-yl]propylamino}methylene)decanedianide (5.27a)

The title compound was prepared frdn® (179 mg, 0.3 mmol), EDAC (57 mg, 0.3
mmol), HOBt-monohydrate (46 mg, 0.3 mmol), DIEAQ®.ml, 0.3 mmol) in 3 ml
DCM/abs and4.8 (120 mg, 0.3 mmol) in 2 ml DCM/abs according te theneral
procedure yieldindg.27a(70 mg, 24 %)s brown oil*H-NMR (CDCL) & (ppm): 8.82 (s,
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1H, Im-2H), 7.37-7.22 (m, 16H, Im-5, CPh), 3.38 (m, 4H, E,NH), 2.84 (1% = 7.7
Hz, 2H, Im-4-CH,), 2.71 (t,%) = 7.4 Hz, 2H, Thiaz-5-85), 2.47 (m, 4H, CO€,), 2.18
(s, 3H, Thiaz-4-El3), 2.03 (m, 2H, Im-4-CkCH>), 1.90 (m, 2H, Thiaz-5-C}CH,), 1.66
(m, 4H, COCHCHy), 1.52 (s, 18H, C(B3)3), 1.35 (m, 8H, (E)s); ES-MS
(DCM/MeOH + NHOAC) m/z (%): 989.7 (MH, 100); G4H72N1006S (988.54).

N*-{(tert-Butoxycarbonylamino)(3-phenylpropylamino)methylend- N*°-((tert-
butoxycarbonylamino){3-[2-(tert-butoxycarbonylamino)-4-methylthiazol-5-
yl]propylamino}methylene)decanediamide (5.29a)

The title compound was prepared frd@® (179 mg, 0.3 mmol), EDAC (57 mg, 0.3
mmol), HOBt-monohydrate (46 mg, 0.3 mmol), DIEAQ®.ml, 0.3 mmol) in 3 ml
DCM/abs and5.14 (83 mg, 0.3 mmol) in 2 ml DCM/abs according to theneral
procedure yielding5.29a (125 mg, 51 %)as brown oil. ES-MS (DCM/MeOH +
NH4OAC) m/z (%): 857 (MH, 100); G3HssNgOsS (856.33).

N*-{(tert-Butoxycarbonylamino)(3-phenylbutylamino)methylene}N*’-((tert-
butoxycarbonylamino){3-[2-(tert-butoxycarbonylamino)-4-methylthiazol-5-
yl]propylamino}methylene)decanediamide (5.30a)

The title compound was prepared fré2 (100 mg, 0.17 mmol), EDAC (33 mg, 0.17
mmol), HOBt-monohydrate (26 mg, 0.17 mmol), DIEAQ® ml, 0.173 mmol) in 4 ml
DCM/abs and 1-(3-phenylbutyl)guanidfie(33 mg, 0.17 mmol) in 2 ml DCM/abs
according to the general procedure yielding0a(100 mg, 76 %ps yellow oil. ES-MS
(DCM/MeOH + NHOAC) m/z (%): 771.5 (MH, 100); GeHs2NgO6S (771.03).

N*-{(tert-Butoxycarbonylamino)(3,3-diphenylpropylamino)methylene}-N"%((tert-
butoxycarbonylamino){3-[2-(tert-butoxycarbonylamino)-4-methylthiazol-5-
yl]propylamino}methylene)decanediamide (5.31a)

The title compound was prepared frd@® (120 mg, 0.2 mmol), EDAC (40 mg, 0.2
mmol), HOBt-monohydrate (32 mg, 0.2 mmol), DIEAQ®.ml, 0.2 mmol) in 3 ml
DCM/abs and5.15 (78 mg, 0.2 mmol) in 4 ml DCM/abs according to thpeneral
procedure. Purification by flash chromatographydignt: 0-2 min: PE/EtOAc 100/0, 5-
20 min: 80/20, 30-33 min: 50/50) yieldéd31a(50 mg, 23 %) as white foam-like solid.
'H-NMR (CDCk) & (ppm): 7.30-7.15 (m, 10H, Ar), 3.98 (m, 1H, EI(Ar),), 3.44 (m,
2H, CH,NH), 3.38 (m, 2H, ®,NH), 2.70 (t,3) = 7.5 Hz, 2H, Thiaz-5-8,), 2.36 (m,
4H, COWM,), 2.17 (s, 3H, Thiaz-448;), 1.99-1.79 (m, 4H, Thiaz-5-GBH,,
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CH,CH(AT),), 1.64 (m, 4H, COCHCH>), 1.53 (s, 9H, C(B3)s), 1.50 (s, 9H, C(82)s),
1.49 (s, 9H, C(€3)s), 1.35 (m, 8H, (Ei2).); EI-MS (70 eV) m/z (%): 467.3 (M+28),
100), 933.6 (MH, 10), Q9H72N8083 (93321)

N*-{(tert-Butoxycarbonylamino)(3-cyclohexylpropylamino)methyene}-N*-((tert-
butoxycarbonylamino){3-[2-(tert-butoxycarbonylamino)-4-methylthiazol-5-
yl]propylamino}methylene)decanediamide (5.32a)

The title compound was prepared frd? (150 mg, 0.25 mmol), EDAC (48 mg, 0.25
mmol), HOBt-monohydrate (38 mg, 0.25 mmol), DIEAOQ® ml, 0.25 mmol) in 3 ml
DCM/abs and5.25 (71 mg, 0.25 mmol) in 3 ml DCM/abs according t@ theneral
procedure yielding.32a(40 mg, 19 %) as yellow oil. ES-MS (DCM/MeOH + NBAC)
m/z (%): 863.6 (MH, 100); G3sH74NgOsS (863.16).

N*-{(tert-Butoxycarbonylamino)(benzylamino)methylene}N'°-((tert-
butoxycarbonylamino){3-[2-(tert-butoxycarbonylamino)-4-methylthiazol-5-
yl]propylamino}methylene)decanediamide (5.33a)

The title compound was prepared frd? (150 mg, 0.25 mmol), EDAC (48 mg, 0.25
mmol), HOBt-monohydrate (38 mg, 0.25 mmol), DIEAOQ® ml, 0.25 mmol) in 3 ml
DCM/abs and5.16 (70 mg, 0.25 mmol) in 3 ml DCM/abs according t@ theneral
procedure yielding.33a(90 mg, 45 %) as brown oitH-NMR (CDs;OD) & (ppm): 7.32
(m, 5H, ArH), 4.57 (s, 2H, Ar-El,), 3.39 (t,°J = 6.9 Hz, 2H, EI.NH), 2.73 (1= 7.4
Hz, 2H, Thiaz-5-®l,), 2.49-2.26 (m, 4H, COE,), 2.15 (s, 3H, Thiaz-4483), 1.87 (m,
2H, Thiaz-5-CHCHy), 1.67 (m, 4H, COCKCH,), 1.50 (m, 27H, C(83)3), 1.36 (m, 8H,
(CH>),); EI-MS (70 eV) m/z (%): 829 (MH 100); G1HesNgOsS (828.46).

(S)-N*-{(tert-Butoxycarbonylamino)(1-phenylethylamino)methyleneIN°-((tert-
butoxycarbonylamino){3-[2-(tert-butoxycarbonylamino)-4-methylthiazol-5-
yl]propylamino}methylene)decanediamide (5.34a)

The title compound was prepared frén2 (170 mg, 0.28 mmol), EDAC (54 mg, 0.28
mmol), HOBt-monohydrate (43 mg, 0.28 mmol), DIEAQ® ml, 0.28 mmol) in 4 ml
DCM/abs and5.17 (74 mg, 0.28 mmol) in 3 ml DCM/abs according t@ theneral
procedure yielding.35a (120 mg, 49 %) as brown oil. EI-MS (70 eV) m/z (9%8%#3
(MH?, 100); GHseNgOsS (842.32).
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(R)-N-{(tert-Butoxycarbonylamino)(1-phenylethylamino)methylene}N%((tert-
butoxycarbonylamino){3-[2-(tert-butoxycarbonylamino)-4-methylthiazol-5-
yl]propylamino}methylene)decanediamide (5.35a)

The title compound was prepared fr&@? (170 mg, 0.28 mmol), EDAC (54 mg, 0.28
mmol), HOBt-monohydrate (43 mg, 0.28 mmol), DIEAQ® ml, 0.28 mmol) in 3 ml
DCM/abs and5.18 (74 mg, 0.28 mmol) in 3 ml DCM/abs according t@ theneral
procedure yielding.34a(110 mg, 47 %) as brown oil. EI-MS (70 eV) m/z (%8%3.5
(MH, 100); GHesNgOsS (842.32).

N*-{(tert-Butoxycarbonylamino)(4-methoxybenzylamino)methyler}-N"%((tert-
butoxycarbonylamino){3-[2-(tert-butoxycarbonylamino)-4-methylthiazol-5-
yl]propylamino}methylene)decanediamide (5.36a)

The title compound was prepared frd? (113 mg, 0.19 mmol), EDAC (37 mg, 0.19
mmol), HOBt-monohydrate (29 mg, 0.19 mmol), DIEAQ® ml, 0.19 mmol) in 3 ml
DCM/abs and5.19 (53 mg, 0.19 mmol) in 2 ml DCM/abs according t@ theneral
procedure. Purification by flash chromatographydignt: 0-2 min: PE/EtOAc 100/0, 5-
20 min: 80/20, 25-30 min: 50/50) yield&d36a(38 mg, 23 %) as colorless oil. EI-MS (70
eV) m/z (%): 430.2 (M+2HY, 100), 859.6 (MH, 15); CisHesNsOsS (859.09).

N*-{(tert-Butoxycarbonylamino)(3,4-dimethoxybenzylamino)metllene}-N*-((tert-
butoxycarbonylamino){3-[2-(tert-butoxycarbonylamino)-4-methylthiazol-5-yl]-
propylamino}methylene)decanediamide (5.37a)

The title compound was prepared frdn2 (150 mg, 0.25 mmol), EDAC (48 mg, 0.25
mmol), HOBt-monohydrate (38 mg, 0.25 mmol), DIEAO® ml, 0.25 mmol) in 3 ml
DCM/abs and5.20 (77 mg, 0.25 mmol) in 3 ml DCM/abs according t@ theneral
procedure yielding.37a(70 mg, 31 %) as yellow oil. ES-MS (DCM/MeOH + NBAC)
m/z (%): 889.5 (MH, 100); GsHssNgO10S (889.11).

N*-{(tert-Butoxycarbonylamino)(methylamino)methylene}N*’((tert-butoxy-
carbonylamino){3-[2-(tert-butoxycarbonylamino)-4-methylthiazol-5-yl]propyl-
amino}methylene)decanediamide (5.38a)

The title compound was prepared frdn2 (150 mg, 0.25 mmol), EDAC (48 mg, 0.25
mmol), HOBt-monohydrate (38 mg, 0.25 mmol), DIEAO® ml, 0.25 mmol) in 3 ml
DCM/abs and5.21 (43 mg, 0.25 mmol) in 4 ml DCM/abs according t@ theneral
procedure yielding.38a(120 mg, 64 %) as colorless foam-like sofid-NMR (CDCL)
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5 (ppm): 3.47 (M, 2H, B,NH), 2.97 (d3J = 4.7 Hz, 3H, NHEl3), 2.70 (m, 2H, Thiaz-5-
CH>), 2.40 (m, 4H, COB), 2.17 (s, 3H, Thiaz-448s), 1.90 (m, 2H, Thiaz-5-C}CH>),
1.65 (M, 4H, COCBCH>), 1.53 (s, 9H, C(Bl3)s), 1.50 (s, 18H, C(B3)3), 1.35 (m, 8H,
(CH»)); EI-MS (70 eV) m/z (%): 377.2 (M+21), 100), 753.6 (MF, 25); GsHeoNsOsS
(752.96).

N*-{(tert-Butoxycarbonylamino)(propylamino)methylene}N%((tert-butoxy-
carbonylamino){3-[2-(tert-butoxycarbonylamino)-4-methylthiazol-5-yl]propyl-
amino}methylene)decanediamide (5.39a)

The title compound was prepared frén2 (160 mg, 0.27 mmol), EDAC (52 mg, 0.27
mmol), HOBt-monohydrate (41 mg, 0.27 mmol), DIEAQ® ml, 0.27 mmol) in 6 ml
DCM/abs and5.23 (54 mg, 0.27 mmol) in 2 ml DCM/abs according t@ theneral
procedure. Purification by flash chromatographydignt: 0-2 min: PE/EtOAc 100/0, 4-
20 min: 80/20) yielded.39a(60 mg, 29 %) as yellow oifH-NMR (CDs;OD) 3(ppm):
3.40 (1,%J = 7.1 Hz, 2H, EI,NH), 3.32 (m, 2H, €.NH), 2.74 (t,%J = 7.4 Hz, 2H, Thiaz-
5-CHy), 2.42 (t,°J = 7.4 Hz, 2H, COEl,), 2.28 (m, 2H, CO#,), 2.16 (s, 3H, Thiaz-4-
CHs), 1.87 (m, 2H, Thiaz-5-C¥H,), 1.66 (m, 4H, COCbKCH.), 1.58 (m, 2H,
NHCH,CH>), 1.52 (s, 9H, C(83)3), 1.49 (s, 9H, C(83)3), 1.47 (s, 9H, C(83)3), 1.35
(m, 8H, ((Hy)s), 0.95 (t,%3 = 7.86 Hz, 3H, CkCH3); EI-MS (70 eV) m/z (%): 782 (MH
100); G7HeaNgOsS (781.02).

N*-{(tert-Butoxycarbonylamino)(isobutylamino)methylene}N*%((tert-butoxy-
carbonylamino){3-[2-(tert-butoxycarbonylamino)-4-methylthiazol-5-yl]propyl-
amino}methylene)decanediamide (5.40a)

The title compound was prepared frén2 (150 mg, 0.25 mmol), EDAC (48 mg, 0.25
mmol), HOBt-monohydrate (38 mg, 0.25 mmol), DIEAO® ml, 0.25 mmol) in 3 ml
DCM/abs and5.22 (54 mg, 0.25 mmol) in 2 ml DCM/abs according t@ theneral
procedure yielding.40a(120 mg, 60 %) as yellow oitH-NMR (CDCk) & (ppm): 3.47
(m, 2H, GH,NH), 3.26 (m, 2H, EloNH), 2.71 (1) = 7.6 Hz, 2H, Thiaz-5-85), 2.40 (m,
4H, COMH,), 2.25 (s, 3H, Thiaz-448;), 1.99-1.79 (m, 3H, Thiaz-5-GBH,,
CH(CHg)y), 1.66 (m, 4H, COCKCH,), 1.53 (s, 9H, C(83)3), 1.50 (s, 18H, C(H3)3),
1.33 (m, 8H, (€l.)s), 0.96 (d,%J = 6.7 Hz, 6H, CH(El3),); ES-MS (DCM/MeOH +
NH4OAC) m/z (%): 398.4 ((M+2HY), 100), 795.7 (MH, 30); GgHeeNgOsS (795.04).
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N*-{(tert-Butoxycarbonylamino)[(tert-butoxycarbonylaminopropyl)amino]-
methylene}-N%((tert-butoxycarbonylamino){3-[2-(tert-butoxycarbonylamino)-4-
methylthiazol-5-yl]propylamino}methylene)decanediande (5.41a)

The title compound was prepared fr&? (210 mg, 0.35 mmol), EDAC (67 mg, 0.35
mmol), HOBt-monohydrate (54 mg, 0.35 mmol), DIEAQ® ml, 0.35 mmol) in 3 ml
DCM/abs and5.24 (100 mg, 0.35 mmol) in 2 ml DCM/abs according be tgeneral
procedure. Purification by flash chromatographydignt: 0-2 min: PE/EtOAc 100/0, 4-
25 min: 80/20) yielded.41a(110 mg, 35 %) as yellow-brown oflH-NMR (CDCL) &
(ppm): 3.41 (m, 4H, B,NH), 3.09 (t,J = 6.5 Hz, 2H, ®,NHBoc), 2.74 (13 = 7.3 Hz,
2H, Thiaz-5-®5), 2.42 (t,%3 = 7.3 Hz, 4H, CO#l,), 2.15 (s, 3H, Thiaz-4483), 1.87 (m,
4H, Thiaz-5-CHCH,, CH,CH,NHBoc), 1.68 (m, 4H, COC}CH,), 152-1.43 (m, 36H,
(CHa)3), 1.37 (m, 8H, (€l,)4); EI-MS (70 eV) m/z (%): 897 (MH 100); GH73NgO10S
(896.15).

N*-{3-[2-(tert-Butoxycarbonylamino)-4-methylthiazol-5-yl]propyl}- N*°((tert-
butoxycarbonylamino){3-[2-(tert-butoxycarbonylamino)-4-methylthiazol-5-
yl]propylamino}methylene)decanediamide (5.42a)

The title compound was prepared frdn®2 (66 mg, 0.11 mmol), EDAC (23 mg, 0.11
mmol), HOBt-monohydrate (17 mg, 0.11 mmol), DIEAQ® ml, 0.11 mmol) in 3 ml
DCM/abs and3.13 (30 mg, 0.11 mmol) in 2 ml DCM/abs according t@ theneral
procedure yieldindg.42a(15 mg, 16 %) as colorless oil. EI-MS (70 eV) nf¥2)(426.3
((M+2H)**, 100), 851.6 (MH, 15); CioHesNgOsS; (851.13).

N*-{(tert-Butoxycarbonylamino)[3-(1-trityl-1 H-1,2,4-triazol-5-yl)propylamino]-
methylene}-N*%((tert-butoxycarbonylamino){3-[2-(tert-butoxycarbonylamino)-4-
methylthiazol-5-yl]propylamino}methylene)decanediande (5.28a) To a solution of
CDI (0.13 g, 0.8 mmol) in 10 ml DMF under argon vealeds.2 (0.4 g, 0.67 mmol) and
the mixture was stirred for 1 h. In a second flakR3(0.28 g, 0.67 mmol) and NaH (60
% dispersion in mineral oil) (0.05 g, 1.34 mmol)7Aml| DMF under argon was heated to
30-35 °C for 45 min and was then allowed to coalomm temperature. The two mixtures
were combined and stirred for 5 h at ambient teatpee. Subsequently, water was added
and extracted three times with EtOAc. The orgariiage was dried over MgS@nd

evaporatedin vacuo. The crude product was purified by flash chromedpby
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(CHCIs/MeOH/NH; 95/3/2 viviv) yieldings.28a (0.5 g, 75 %) as brown oil. EI-MS (70
eV) m/z (%): 495.9 (M+2HY, 100), 990.5 (MH, 20); GsH71N1106S (990.27).

General procedure for the synthesis of Boc-protecte acylguanidines 5.43a, 5.63a
and 5.64a

DIEA (1 eq) was added to a solution of pertinemboaylic acid (1 eq), EDAC (1 eq) and
HOBt-monohydrate (1 eq) in DCM/abs and stirred 6rmin. A solution 0f3.17 (1 eq)

in DCM/abs was added and the mixture stirred ogértniat room temperature. The
solvent was removed under reduced pressure. EtOwcwveater were added to the
residue, the organic phase was separated and Wleeusylayer extracted three times with
EtOAc. After drying over MgS@ the organic solvent was removed under reduced
pressure. The crude product was purified by flastormatography (PE/EtOAc 70/30-
50/50 v/v) unless otherwise indicated.

N*-{(tert-Butoxycarbonylamino)[3-(1-trityl-1 H-imidazol-4-yl)propylamino]-
methylene}N?*((tert-butoxycarbonylamino){3-[2-(tert-butoxycarbonylamino)-4-
methylthiazol-5-yl]propylamino}methylene)docosanedamide(5.43a)

5.43awas prepared from.22 (20 mg, 0.04 mmol), EDAC (8 mg, 0.04 mmol), HOBt-
monohydrate (6 mg, 0.04 mmol), DIEA (0.07 ml, Or@#ol) in 3 ml DCM/abs an8.17
(16 mg, 0.04 mmol) in 2 ml DCM/abs according to theneral procedure without
purification yielding5.43a(20 mg, 61 %) as sticky yellow oil. EI-MS (70 eWyz (%):
408.3 ((M+2H¥", 100), 815.6 (MH, 70); Ci2H74N1004S (815.17).

N*-{3-[3-(Piperidin-1-ylmethyl)phenoxy]propyl}- N*’((tert-butoxycarbonylamino){3-
[2-(tert-butoxycarbonylamino)-4-methylthiazol-5-yl]propylamino}methylene)-
decanediamide (5.63a)

5.63awas prepared frorb.60 (80 mg, 0.19 mmol), EDAC (36 mg, 0.19 mmol), HOBt-
monohydrate (29 mg, 0.19 mmol), DIEA (0.03 ml, Orh¢nol) in 3 ml DCM/abs and
3.17 (79 mg, 0.19 mmol) in 2 ml DCM/abs according tce tgeneral procedure.
Purification by flash chromatography (gradient: @nh: PE/EtOAc 100/0, 3-12 min:
80/20, 14-22 min: 60/40, 25-40 min: 30/70) yielde@3a(20 mg, 13 %) as pale yellow
oil. EI-MS (70 eV) m/z (%): 414.8 ((M+2H), 100), 825.6 (MH, 15); GsHgoN/O;S
(828.12).

184



Heterobivalent motifs and variations of the spacét,R agonists

N*-{3-[3-(Piperidin-1-ylmethyl)phenoxy]propyl}- N*®-((tert-butoxycarbonylamino){3-
[2-(tert-butoxycarbonylamino)-4-methylthiazol-5-yl]propylamino}methylene)hexa-
decanediamide (5.64a)

5.64awas prepared frorb.61 (100 mg, 0.2 mmol), EDAC (40 mg, 0.2 mmol), HOBt-
monohydrate (30 mg, 0.2 mmol), DIEA (0.04 ml, 0.that) in 4 ml DCM/abs an@.17
(83 mg, 0.2 mmol) in 2 ml DCM/abs according to gemeral procedure. Purification by
flash chromatography (gradient: 0-2 min: PE/EtOAO/0, 5-20 min: 80/20, 25-40 min:
50/50) yielded5.64a (40 mg, 22 %) as brown oitH-NMR (CDCk) & (ppm): 7.23 (m,
1H, Ar-H), 6.91 (m, 3H, AH), 4.16 (s, 2HPip-N-CH2-Ar), 4.10 (m, 2H, OEl,CH,),
3.46 (m, 6H,CH,NH, Pip-CH,), 2.81 (m, 2H, Pip-8,), 2.70 (1,3 = 7.5 Hz, 2H, Thiaz-
5-CH>), 2.39 (t,%J = 7.5 Hz, 2H, CO@l,), 2.22 (m, 2H, NHCO8,), 2.18 (s, 3H, Thiaz-
4-CH3), 2.03-1.82 (m, 4 H, Thiaz-5-GBH,, OCHCH>), 1.61 (m, 10H, Pip-8,, Pip-4-
CH,, COCH,CHy>), 1.52 (s, 9H, C(83)3), 1.50 (s, 9H, C(B3)3), 1.25 (m, 20H, (E2)10);
EI-MS (70 eV) m/z (%): 456.9 ((M+2#) 100), 912.6 (MH, 20); CgoHgiN;O;S
(912.28).

N*-{3-(m-Tolyloxy)propyl}- N*°((tert-butoxycarbonylamino){3-[2-(tert-butoxy-
carbonylamino)-4-methylthiazol-5-yl]propylamino}methylene)decanediamide
(5.65a)

5.65awas separated during the purificatiorbd®3aby flash chromatography (PE/EtOAc
70/30-50/50 v/v). Yellow oil (20 mg)H-NMR (CDCk) & (ppm): 7.17 (t3J = 7.7 Hz,
1H, Ar-H), 6.92 (m, 3H, AH), 4.03 (t,°J = 5.8 Hz, 2H, OE@,CH,), 3.46 (m, 4H,
CH,NH), 2.70 (t,3J = 7.5 Hz, 2H, Thiaz-5-85), 2.38 (t,J = 7.5 Hz, 2H, CO#,), 2.33
(s, 3H, Ar-(H3), 2.18 (s, 3H, Thiaz-44d3), 2.14 (m, 2H, NHCO8,), 2.04-1.82 (m, 4H,
Thiaz-5-CHCH,, OCHCHy>), 1.60 (m, 4H, COCKCH.), 1.52 (s, 9H, C(83)3), 1.50 (s,
9H, C(CHs3)3), 1.31 (M, 8H, (El2)4); EI-MS (70 eV) m/z (%): 373.1 (M+2H), 100),
745.5 (MH, 30); GgHsoNeO7S (744.98).

N*-{6-[3,4-Dioxo-2-(3-(3-(piperidin-1-ylmethyl)phenox)propylamino)cyclobut-1-
enylamino]hexyl}-N*%((tert-butoxycarbonylamino){3-[2-(tert-butoxycarbonyl-
amino)-4-methylthiazol-5-yl]propylamino}methylene)decanediamide (5.66a)

CDI (10 mg, 60 umol) an8.2 (32 mg, 54 umol) were dissolved in 2 ml THF/abd an
stirred at room temperature until the formationcafbon dioxide ceased. 3-(6-amino-
hexylamino)-4-(3-(3-(piperidin-1-ylmethyl)phenoxy@pylamino)cyclobut-3-ene-1,2-
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dione5.62° (16 mg, 36 pumol) dissolved in 2 ml of THF/DMF (Likas added, and the
solution was stirred overnight at room temperatiiree solvent was evaporated and 5 ml
water was added. The solution was extracted witlClgtdnd dried over MgS The
product was evaporated vacuo yielding 5.66a(25 mg, 67 %) as yellow oil. EI-MS (70
eV) m/z (%): 511.8 (M+2HY, 100), 1022.8 (MF, 10); G3HssNgOeS (1022.35).

5.5.1.7 Preparation of the N®-Boc-protected bivalent acylguanidines
5.44a-5.54a

General procedure for the synthesis of Boc-protectebivalent acylguanidines 5.44a-
5.51a

To a solution of pertinent dicarboxylic acid (1 eGPAC (2 eq) and HOBt-monohydrate
(2 eq) in DCM/abs was added DIEA (2 eq) under argod stirred for 15 min. To this
mixture a solution 08.17or 3.18(2 eq) in DCM/abs was added and stirred overraght
room temperature. The solvent was removed undercestipressure, EtOAc and water
were added to the residue, the organic phase waerated and the aqueous layer
extracted two times with EtOAc. After drying overg®8Q, the organic solvent was
removedin vacuo. The crude product was purified by flash chromedpgy (PE/EtOAc
70/30-50/50 v/v) unless otherwise indicated.

N* N*-Bis((tert-butoxycarbonylamino){3-[2-(tert-butoxycarbonyl)amino-4-methyl-
thiazol-5-yl]propylamino}methylene)benzene-1,4-dicdboxamide (5.44a)

The title compound was prepared from terephthalid é42 mg, 0.25 mmol), EDAC (95
mg, 0.5 mmol), HOBt-monohydrate (77 mg, 0.5 mmbIiA (0.09 ml, 0.5 mmol) in 3
ml DCM/abs and3.17 (207 mg, 0.5 mmol) in 2 ml DCM/abs according te tpeneral
procedure vielding.44a(120 mg, 51 %) as brown ofiH-NMR (CDCk) & (ppm): 8.15-
7.75 (m, 4H, ArH), 3.65 (m, 4H, ©,NH), 2.76 (m, 4H, Thiaz-5-B,), 2.20 (s, 6H,
Thiaz-4-tHs), 2.0 (m, 4H, Thiaz-5-CkCH>), 1.52 (s, 18H, C(B3)3), 1.47 (s, 18H,
C(CHa)3); EI-MS (70 eV) m/z (%): 957 (MH 100); G4HeaN10010S; (957.17).

(1,4-Phenylene)bid{-[(tert-butoxycarbonylamino){3-[2-(tert-butoxycarbonyl)amino-
4-methylthiazol-5-yl]propylamino}methylene]acetamice) (5.45a)

The title compound was prepared from (1,4-phenyliineetic acid (49 mg, 0.25 mmol),
EDAC (95 mg, 0.5 mmol), HOBt-monohydrate (77 md thmol), DIEA (0.09 ml, 0.5
mmol) in 3 ml DCM/abs an8.17 (207 mg, 0.5 mmol) in 2 ml DCM/abs according te th
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general procedure yieldirg45a(150 mg, 61 %) as sticky white otH-NMR (CDCh) &
(ppm): 7.33-7.10 (m, 4H, AH), 3.57 (m, 4H, CO85,), 3.32 (m, 4H, E,NH), 2.70 (m,
4H, Thiaz-5-®,), 2.18 (s, 6H, Thiaz-4485), 1.86 (m, 4H, Thiaz-5-C¥CH>), 1.52 (s,
9H, (CH3)3), 1.49 (s, 9H, (El3)3), 1.47 (s, 9H, (El3)3), 1.44 (s, 9H, (El3)3); EI-MS (70
eV) m/z (%): 493.4 (M+2HY, 100), 985.7 (MH, 15); CeHeeN10010S, (985.22).

N* N3-Bis((tert-butoxycarbonylamino){3-[2-(tert-butoxycarbonyl)amino-4-
methylthiazol-5-yl]propylamino}methylene)cyclopentane-1,3-dicarboxamide(5.46a)
The title compound was prepared from cyclopentaBedicarboxylic acid (40 mg, 0.25
mmol), EDAC (95 mg, 0.5 mmol), HOBt-monohydrate (g, 0.5 mmol), DIEA (0.09
ml, 0.5 mmol) in 3 ml DCM/abs an8.17 (207 mg, 0.5 mmol) in 3 ml DCM/abs
according to the general procedure yieldsg6a(200 mg, 84 %) as yellow oftH-NMR
(CDCl) & (ppm): 3.49 (m, 4H, B,NH), 2.90-2.55 (m, 6H, Thiaz-54&;, cPentH), 2.27
(m, 2H, cPen#), 2.21 (s, 6H, Thiaz-44d3), 2.03-1.84 (m, 8H, cPemt; Thiaz-5-
CH,CH,), 1.52 (s, 18H, C(B3)3), 1.49 (s, 18H, C(B3)3); EI-MS (70 eV) m/z (%):
475.2 ((M+2H¥", 100), 949.6 (MH, 10); CizHseN10010S, (949.19).

N* N*-Bis((tert-butoxycarbonylamino){3-[2-(tert-butoxycarbonyl)amino-4-
methylthiazol-5-yl]propylamino}methylene)biphenyl-4,4'-dicarboxamide (5.47a)

The title compound was prepared from biphenyl-diidarboxylic acid (61 mg, 0.25
mmol), EDAC (95 mg, 0.5 mmol), HOBt-monohydrate (Mg, 0.5 mmol), DIEA (0.09
ml, 0.5 mmol) in 3 ml DCM/abs an8.17 (207 mg, 0.5 mmol) in 2 ml DCM/abs
according to the general procedure yieldlhg7a (160 mg, 62 %) as white foam-like
solid. *"H-NMR (CDCk) & (ppm): 7.90 (s, 2H, AH), 7.87 (s, 2H, AH), 7.65 (s, 2H, Ar-
H), 7.62 (s, 2H, AH), 3.67 (m, 4H, El,NH), 2.77 (m, 4H, Thiaz-5-8.), 2.30 (s, 6H,
Thiaz-4-tHs), 2.0 (m, 4H, Thiaz-5-CkCH>), 1.52 (s, 18H, C(B3)3), 1.40 (s, 18H,
C(CHa)3); EI-MS (70 eV) m/z (%): 1033 (MH 100); GoHegN1¢O10S, (1033.27).

N* N*-(Ethane-1,2-diyl)bis(N*-(tert-butoxycarbonylamino){3-[2-(tert-butoxy-
carbonyl)amino-4-methylthiazol-5-yl|propylamino}methylene)succinamide (5.48a)
The title compound was prepared from 4,4'-[etha@ediylbis(azanediyl)]bis(4-
oxobutanoic acid) (130 mg, 0.25 mmol), EDAC (95 @d mmol), HOBt-monohydrate
(77 mg, 0.5 mmol), DIEA (0.09 ml, 0.5 mmol) in 3 BCM/abs and3.17 (207 mg, 0.5
mmol) in 2 ml DCM/abs according to the general pohae yieldings.48a(170 mg, 65
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%) as brown oil. ES-MS (DCM/MeOH + NAAc) m/z (%): 1051.7 (MH 25);
C6H74N 120155, (1051.28).

N*,N%-Bis((tert-butoxycarbonylamino){3-[2-(tert-butoxycarbonylamino)-4-
methylthiazol-5-yl]propylamino}methylene)-5,6-dithiadecanediamide (5.49a)

The title compound was prepared from 5,6-dithiadedaicacid (60 mg, 0.25 mmol),
EDAC (95 mg, 0.5 mmol), HOBt-monohydrate (77 md thmol), DIEA (0.09 ml, 0.5
mmol) in 3 ml DCM/abs an8.18(200 mg, 0.5 mmol) in 2 ml DCM/abs according te th
general procedure yielding.49a (190 mg, 76 %) as yellow oitH-NMR (CDCk) &
(ppm): 7.07 (s, 2H, Thiaz-B), 3.51 (m, 4H, EI;NH), 2.88-2.65 (m, 8H, Thiaz-5#&;,
SCHy), 2.57 (m, 4H, COH,), 2.23 (m, 4H, COCKCH,),1.96 (m, 4H, Thiaz-5-
CH,CHy), 1.56 (s, 18H, C(B3)3), 1.50 (s, 18H, C(H3)3); ES-MS (DCM/MeOH +
NH.OAc) m/z (%): 501.2 ((M+2H), 100), 1001.3 (MM 10); CHssN1gO10S
(1001.31).

N* N*-Bis((tert-butoxycarbonylamino){3-[2-(tert-butoxycarbonyl)amino-4-
methylthiazol-5-yl]propylamino}methylene)-7,8-dithiatetradecanediamide (5.50a)

The title compound was prepared from 7,8-dithiatd#canedioic acid (74 mg, 0.25
mmol), EDAC (95 mg, 0.5 mmol), HOBt-monohydrate (g, 0.5 mmol), DIEA (0.09
ml, 0.5 mmol) in 5 ml DCM/abs an8.18 (200 mg, 0.5 mmol) in 2 ml DCM/abs
according to the general procedure yieldng§0a (110 mg, 44 %) as brown oil. ES-MS
(DCM/MeOH + NHOAc) m/z (%): 529.3 ((M+2H), 100), 1057.5 (MH 25);
CaeH76N 100104 (1057.42).

N* N?°-Bis((tert-butoxycarbonylamino){3-[2-(tert-butoxycarbonylamino)-4-methyl-
thiazol-5-yl]propylamino}methylene)-8,19-dioxo-12,b-dioxa-9,18-diazahexacosane-
diamide (5.51a)

The title compound was prepared from 8,19-dioxd82jioxa-9,18-diazahexacosane-
1,26-dioic acié® (25 mg, 0.05 mmol), EDAC (19 mg, 0.1 mmol), HOBomohydrate (15
mg, 0.1 mmol), DIEA (0.02 ml, 0.1 mmol) in 3 ml DC&bs and.17 (41 mg, 0.1 mmol)
in 2 ml DCM/abs according to the general proceduedding 5.51a (15 mg, 24 %) as
sticky white oil. EI-MS (70 eV) m/z (%): 418 ((M+3#, 100), 626.5 ((M+2HY, 30),
1251.5 (MH, 5); GsgHoaN12014S; (1251.6).
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N* N*-Bis((tert-butoxycarbonylamino){3-[2-(tert-butoxycarbonyl)amino-4-
methylthiazol-5-yl]propylamino}methylene)-3,6,9-trioxaundecanediamide (5.52a)
The title compound was prepared with minor modifaa of the general procedure.
3,6,9-Trioxaundecanedioic acid (28 mg, 0.13 mmagqg), EDAC (60 mg, 0.32 mmol, 2.5
eq), HOBt-monohydrate (49 mg, 0.32 mmol, 2.5 eqg) RIEA (0.09 ml, 0.5 mmol, 4 eq)
were dissolved in 3 ml DMF under argon and stifiiedl5 min.3.17 (207 mg, 0.5 mmol)

in 2 ml DMF was added and the mixture was allowedstir overnight at room
temperature. After removing of the solvent undeluced pressure, the crude product was
dissolved in DCM/abs and extracted with,&; and brine. The organic phase was dried
over MgSQ and the solvent was removietvacuo to give5.52a(80 mg, 60 %) as brown
oil, which was used without further purificationSEMS (DCM/MeOH + NHOAc) m/z
(%): 507.3 (M+2Hj*, 100), 1013.7 (MF, 35); G4H72N1¢015S; (1013.23).

General procedure for the synthesis of Boc-protectebivalent acylguanidines 5.53a
and 5.54a

To a solution of pertinent dicarboxylic acid (1 egPAC (2.1 eq) and DMAP (cat.) in
DCM/abs/DMF (2/1) was added DIEA (2.1 eq) underoargnd stirred for 15 min. To
this mixture a solution 08.17 (2 eq) in DCM/abs was added and stirred overnight a
room temperature. The solvent was removed undercegtpressure and MeCN/(10 %)
TFA (4/1) was added. Subsequently, the product masied using preparative RP-
HPLC.

N* N*°-Bis((tert-Butoxycarbonylamino){3-[2-(tert-butoxycarbonylamino)-4-methyl-
thiazol-5-yl]propylamino}methylene)-8-[2-(ert-butoxycarbonylamino)ethyl]-4,12-
dioxo-5,8,11-triazapentadecanediamide (5.53a)

The title compound was prepared from 84@+fbutoxycarbonylamino)ethyl]-4,12-
dioxo-5,8,11-triazapentadecanedioic &ti¢67 mg, 0.13 mmol), EDAC (52 mg, 0.27
mmol), DMAP (cat.), DIEA (0.05 ml, 0.27 mmol) inrBl DCM/abs/DMF (2/1) an®.17
(105 mg, 0.26 mmol) in 2 ml DCM/abs according te general procedure yieldirg53a
(16 mg, 10 %) as colorless foam-like solid. EI-M® €V) m/z (%): 619.2 (M+2H]J,
100), 1237.6 (MH, 10); GsHgaN14014S, (1237.53).

N* N*°-Bis((tert-Butoxycarbonylamino){3-[2-(tert-butoxycarbonylamino)-4-methyl-
thiazol-5-yl]propylamino}methylene)-9-[2-(tert-butoxycarbonylamino)ethyl]-5,13-

dioxo-6,9,12-triazapentadecanediamide (5.54a)
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The title compound was prepared from 94@ttbutoxycarbonylamino)ethyl]-5,13-
dioxo-6,9,12-triazaheptadecanedioic &tiB4 mg, 0.07 mmol), EDAC (29 mg, 0.15
mmol), DMAP (cat.), DIEA (0.03 ml, 0.15 mmol) inrf@l DCM/abs/DMF (2/1) an®.17
(60 mg, 0.14 mmol) in 1 ml DCM/abs according to ¢femeral procedure yieldirg54a
(30 mg, 34 %) as colorless foam-like softt-NMR (CD;OD) & (ppm): 3.42 (m, 4H,
CONHCH;), 3.34 (m, 4H, EI,NH), 3.24 (m, 4H, NHE,CH,NH,), 3.07 (m, 4H,
CONHCH,CH>), 2.70 (t,%) = 7.4 Hz, 4H, Thiaz-5-8,), 2.53 (t,%] = 6.8 Hz, 4H,
COCH,), 2.31 () = 7.1 Hz, 4H, NHCO@,), 2.16 (s, 9H, Thiaz-4483), 1.92 (m, 8H,
Thiaz-5-CHCH,, COCHCHy), 1.52 (s, 18H, C(83)3), 1.49 (s, 18H, C(B3)3), 1.47 (s,
9H, C(CH3)s); EI-MS (70 eV) miz (%): 633.3 ((M+2H) 100), 1265.6 (MH, 20);
Cs7HoeN14014S, (1265.59).

5.5.1.8 Preparation of the N®-Boc-protected trivalent acylguanidine
5.55a

N* N3 N°-Tris((tert-butoxycarbonylamino){3-[2-(tert-butoxycarbonylamino)-4-
methylthiazol-5-yl]propylamino}methylene)benzene-13,5-tricarboxamide (5.55a)

To a solution of benzene-1,3,5-tricarboxylic acd® (mg, 0.2 mmol), EDAC (125 mg,
0.66 mmol) and HOBt-monohydrate (100 mg, 0.66 mmmB ml DMF was added DIEA
(0.11 ml, 0.66 mmol) and stirred for 15 min. Tostimixture a solution a8.17 (247 mg,
0.6 mmol) in 3 ml DCM/abs was added and stirredrioigiit at room temperature. The
solvent was removed under reduced pressure. Tl groduct was purified by flash
chromatography (PE/EtOAc 70/30-60/40 v/v) to glvé5a (110 mg, 40 %) as pale
yellow oil. *H-NMR (CDs;OD) & (ppm): 8.65 (m, 3H, AH), 3.69 (m, 6H, €,NH), 2.80
(m, 6H, Thiaz-5-@l,), 2.22 (s, 9H, Thiaz-4483), 2.00 (m, 6H, Thiaz-5-C}CH,), 1.51
(s, 27H, C(®3)3), 1.49 (s, 27H, C(B3)3); EI-MS (70 eV) m/z (%): 466.4 (M+3E)
100), 1396.9 (MH, 20); GssHoaN15015S;3 (1396.7).

5.5.1.9 Preparation of the deprotected acylguanides 5.26-5.55 and
5.63-5.66

General procedure
TFA (20 %) was added to a solution of the protecedlguanidines.26a-5.55aand
5.63a-5.66ain DCM/abs and the mixture was stirred at ambtemperature until the

protecting groups were removed (3-5 h) (TLC contr8lubsequently, the solvent was
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removed and the residue was purified by prepard@PeHPLC. All compounds were

obtained as trifluoroacetic acid salts.

N*-{[3-(2-Amino-4-methylthiazol-5-yl)propylamino](amino)methylene}:N*°-{[3-(2-
aminothiazol-5-yl)propylamino](amino)methylene}decaediamide (5.26)

The title compound was prepared frén26a (110 mg, 0.11 mmol) in 10 ml DCM/abs
and 2 ml TFA according to the general procedurddiyig 5.26 as colorless foam-like
solid (30 mg, 26 %)*H-NMR (CDsOD) & (ppm): 7.01 (s, 1H, Thiaz-#), 3.37 (m, 4H,
CH2NH), 2.74 (m, 4H, Thiaz-5-8,), 2.46 (t,3J = 7.41 Hz, 4H, C0OH,), 2.18 (s, 3H,
Thiaz-4-CH3), 1.93 (m, 4H, Thiaz-5-C#CH;), 1.65 (m, 4H, COCKCH,), 1.35 (m, 8H,
(CH,)4); B*C-NMR (CD;0OD) & (ppm): 177.41 (quatC=0), 171.82 (quat. Thiaz-2),
155.29 (quatC=NH), 126.36 (quat. Thiaz-6), 123.37 (+, Thiaz-45), 118.44 (quat.
Thiaz-5C), 41.47 (-,CH.NH), 37.76 (-, C@H,), 30.20 (-,CH,), 29.97 (-, Thiaz-5-
CH,CH), 25.45 (-, COCKLCH,), 24.89 (-, Thiaz-32H,), 11.45 (+, Thiaz-4=H3);
HRLSIMS: mVz for ([C2sH42N100,S, + H]") caled. 579.3012, found 579.3006; prep.
HPLC: MeCN/0.1% TFA/aq (10/90-35/65); anal. HPLC=K..96 (k = 9.82 min, column
A), purity = 95 %: GsHaoN100,S; - 4TFA (1034.88).

N*-{[3-(1H-Imidazol-4-yl)propylamino](amino)methylene}-N*°-{[3-(2-amino-4-
methylthiazol-5-yl)propylamino](amino)methylene}de@nediamide (5.27)

The title compound was prepared frén27ain 5 ml DCM/abs and 1 ml TFA according
to the general procedure yieldiBg7 as colorless oil (70 mg, 24 %H-NMR (CD;OD)

8 (ppm): 8.82 (s, 1H, Im-B4), 7.37 (s, 1H, Im-34), 3.38 (m, 4H, E,NH), 2.84 (1% =
7.7 Hz, 2H, Im-4-E®1,), 2.71 (t,3) = 7.41 Hz, 2H, Thiaz-5-8,), 2.47 (m, 4H, CO8)),
2.18 (s, 3H, Thiaz-4-83), 2.03 (m, 2H, Im-4-CkCH>), 1.90 (m, 2H, Thiaz-5-C}CH>),
1.66 (m, 4H, COCHCH,), 1.35 (m, 8H, (El»)4); *C-NMR (CD;0D, 400 MHz, HSQC,
HMBC) & (ppm): 177.37 (quaiC=0), 155.64 (quatC=NH), 134.96 (quat. Thiaz-4),
118.46 (quat. Thiag-5), 117.09 (+, Im-82H), 41.56 (-,CH,NH), 37.76 (-, C@H,),
30.13 (-,CHy), 29.96 (-, Thiaz-5-CKCHy), 28.10 (-, Im-4-CHCH,), 25.41 (COCHCH,),
23.60 (-, Thiaz-52H,), 22.54 (-, Im-4€H,), 11.41 (+, Thiaz-43Hs); HRLSIMS: m/z for
([C2sH42N100-S + HJ) calcd. 547.3291, found 547.3299; prep. HPLC: M&CN6
TFA/aq (20/80-50/50); anal. HPLC: k= 1.8% & 9.51 min, column A), purity = 94 %;
CosHaoN100,S - 4TFA (1002.32).
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N*-{[3-(1H-1,2,4-Triazol-5-yl)propylamino](amino)methylene}N*°-{[3-(2-amino-4-
methylthiazol-5-yl)propylamino](amino)methylene}de@nediamide (5.28)

The title compound was prepared frén28a (150 mg, 0.15 mmol) in 10 ml DCM/abs
and 2 ml TFA according to the general procedurélyig 5.28 as brown oil (20 mg, 13
%). 'H-NMR (CDs;OD) & (ppm): 8.50 (s, 1H, Triaz-BH), 3.40 (m, 4H, El,NH), 2.94 (t,
3) = 7.4 Hz, 2H, Triaz-3-85), 2.74 (m, 2H, Thiaz-5-8,), 2.46 (t,°J = 7.41 Hz, 4H,
COCH)), 2.18 (s, 3H, Thiaz-443), 2.11 (m, 2H, Triaz-3-CkCH>), 1.93 (m, 2H, Thiaz-
5-CH,CH5), 1.65 (m, 4H, COCKCH,), 1.36 (m, 8H, (E€l,)s); HRLSIMS: nvz for
([C24H41N110-S + HJ) calcd. 548.3244, found 548.3246; prep. HPLC: M&CNo
TFA/aq (10/90-50/50); anal. HPLC: k= 2.0& & 8.07 min, column B), purity = 98 %;
Co4H41N1105S - 4TFA (1003.8).

N*-{[3-Phenylpropylamino](amino)methylene}-N*%{[3-(2-amino-4-methylthiazol-5-
yl)propylamino](amino)methylene}decanediamide (5.29

The title compound was prepared fr&29a(130 mg, 0.15 mmol) in 5 ml DCM/abs and
1 ml TFA according to the general procedure yiaddir29as colorless oil (40 mg, 48 %).
'H-NMR (CD;0D) & (ppm): 7.35-7.15 (m, 5H, At), 3.29 (m, 4H, E,NH), 2.71 (m,
4H, Thiaz-5-®,, Ar-CHj), 2.45 (m, 4H, CO8),), 2.18 (s, 3H, Thiaz-4483), 1.92 (m,
2H, Thiaz-5-CHCH;), 1.90 (m, 2H, Ar-CHCH), 1.67 (m, 4H, COCKCH,), 1.35 (m,
8H, (CH.)4); *C-NMR (CD;0OD) & (ppm): 172.36 (quatC=0), 129.65 (+, AICH),
129.43 (+, ArCH), 45.61 (-, ArCH,), 41.60 (-,CH,NH), 37.73 (-, C@H,), 30.36 (-,
(CH),), 29.95 (-, Thiaz-5-CkCH,), 23.64 (-, Thiaz-32H,), 11.54 (+, Thiaz-4zH3);
HRLSIMS: mVz for ([CogH44NgO2S + HJ) calcd. 557.3386, found 557.3380; prep HPLC:
MeCN/0.1 % TFA/aq (20/80-50/50); anal. HPLC: k'28.(k = 14.13 min, column A),
purity = 96 %; GgH44NsO,S - 3TFA (898.83).

N*-{[3-Phenylbutylamino](amino)methylene}N°-{[3-(2-amino-4-methylthiazol-5-
yl)propylamino](amino)methylene}decanediamide (5.30

The title compound was prepared frén30a(100 mg, 0.13 mmol) in 5 ml DCM/abs and
1 ml TFA according to the general procedure yiaddirtBOas colorless oil (20 mg, 27 %).
'H-NMR (CDs;0D) & (ppm): 7.25 (m, 5H, AH), 3.34 (m, 2H, El,NH), 3.17 (%) = 6.6
Hz, 2H, (H,NH), 2.71 (m, 2H, Thiaz-5-8;), 2.43 (m, 4H, CO#,), 2.27 (m, 1H,
CHCHs), 2.18 (s, 3H, Thiaz-4485), 1.93 (m, 4H, Thiaz-5-C¥H,, NHCH,CH,), 1.66
(m, 4H, COCHCH,), 1.35 (m, 8H, (E,)4), 1.29 (d,%J = 6.9 Hz, 3H, CHE);
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HRLSIMS: mVz for ([CogH4eNgO2S + HJ') calcd. 571.3537, found 571.3537; prep HPLC:
MeCN/0.1 % TFA/aq (20/80-50/50); anal. HPLC: k'93.(& = 10.74 min, column B),
purity =96 %:; GgH46N8028' 3TFA (91285)

N*-{[3,3-Diphenylpropylamino](amino)methylene}N*°-{[3-(2-amino-4-methyl-
thiazol-5-yl)propylamino](amino)methylene}decanedianide (5.31)

The title compound was prepared frém31a(44 mg, 0.05 mmol) in 5 ml DCM/abs and 1
ml TFA according to the general procedure yieldsr@l as brown oil (30 mg, 62 %)H-
NMR (CDsOD) & (ppm): 7.27 (m, 8H, AH), 7.17 (m, 2H, AH), 4.05 (1,3 = 7.9 Hz,
1H, CH(Ar),), 3.34 (t,3) = 5.7 Hz, 2H, EI,NH), 3.24 (1,% = 7.0 Hz, 2H, E.NH), 2.70
(t, %) = 7.5 Hz, 2H, Thiaz-5-8,), 2.44 (m, 4H, CO8,), 2.16 (s, 3H, Thiaz-4485),
1.97-1.80 (m, 4H, Thiaz-5-Gi&H,, CH,CH(Ar),), 1.64 (m, 4H, COCKCH,), 1.34 (m,
8H, (CH>),); *C-NMR (CD;0D) § (ppm): 177.44 (quat=0), 177.26 (quat. Thiaz-2),
155.35 (quatC=NH), 145.19 (quat. AE), 132.65 (quat. Thiaz-@), 129.77 (+, Ar€H),
128.82 (+, Ar€H), 127.65 (+, ArcH), 118.41 (quat. Thiaz-&), 44.04 (+,CH(Ar),),
41.58 (-,CH,NH), 41.40 (-CH.NH), 37.76 (-, C@H,), 34.55 (-,CH,CH(Ar),), 30.17 (-,
(CH2)2), 29.94 (-, CH2)2), 29.71 (-, Thiaz-5-ChCH,), 25.45 (-, COCHKCHy), 23.62 (-,
Thiaz-5CH,), 11.45 (+, Thiaz-45H3); HRLSIMS: m/z for ([CasHgNgO.S + HJ) calcd.
633.3699, found 633.3710; prep HPLC: MeCN/0.1 % T7&eA (25/75-60/40); anal.
HPLC: k= 3.82 (¢ = 12.91 min, column B), purity = 98 %:;34E14gNgO,S - 3TFA
(974.92).

N*-{[3-Cyclohexylpropylamino](amino)methylene}N°-{[3-(2-amino-4-methy!-
thiazol-5-yl)propylamino](amino)methylene}decanedianide (5.32)

The title compound was prepared frén32a(40 mg, 0.05 mmol) in 5 ml DCM/abs and 1
ml TFA according to the general procedure yield80 as colorless oil (10 mg, 35 %).
'H-NMR (CD:;0D) & (ppm): 3.32 (m, 4H, B,NH), 2.70 (m, 2H, Thiaz-5-B,), 2.43 (m,
4H, COMy), 2.17 (s, 3H, Thiaz-4483), 1.90 (m, 2H, Thiaz-5-C}CH,), 1.78-1.57 (m,
11H, COCHCH,, cHex-CHCH,, cHexH), 1.45-1.04 (m, 16H, cHex#, cHexH,
(CH5)4); HRLSIMS: m/z for ([CogHsoNgO2S + HJ) calcd. 563.3850, found 563.3841;
prep HPLC: MeCN/0.1 % TFA/aq (20/80-50/50); anaPLi€: k'= 5.29 (¢ = 14.15 min,
column B), purity = 96 %;

N*-{[Benzylamino](amino)methylene}N*°-{[3-(2-amino-4-methylthiazol-5-yl)propyl-
amino](amino)methylene}decanediamide (5.33)
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The title compound was prepared frén33a(90 mg, 0.1 mmol) in 5 ml DCM/abs and 1
ml TFA according to the general procedure yieldi83 as colorless oil (40 mg, 76 %).
'H-NMR (CD;0D) & (ppm): 7.45-7.30 (m, 5H, Art), 4.54 (s, 2H, AICH,), 3.29 (m, 2H,
CH,NH), 2.71 (t,3 = 7.7 Hz, 2H, Thiaz-5-B,), 2.47 (m, 4H, CO#,), 2.18 (s, 3H,
Thiaz-4-CH3), 1.90 (m, 2H, Thiaz-5-C#CH;), 1.66 (m, 4H, COCKCH,), 1.35 (m, 8H,
(CH,)4); BC-NMR (CD;0OD) & (ppm): 177.43 (quatC=0), 169.28 (quat. Thiaz-2),
136.96 (quat. AC), 132.92 (quat. Thiaz-@), 130.13 (+, ArcH), 129.99 (+, ArcH),
129.40 (+, ArCH) 128.42 (+, Ar€H), 118.52 (quat. Thiaz-8), 45.97 (-, ArCH,),
41.60 (-,CH,NH), 37.85 (-, C@H,), 30.16 (-,CHy), 29.95 (-, Thiaz-5-CkCH,), 25.37
(-, COCHCHy,), 23.64 (-, Thiaz-32H,), 11.47 (+, Thiaz-4zH3); HRLSIMS: m/z for
([C26H40NgO,S + HJ) calcd. 529.3073, found 529.3059; prep HPLC: MeLN/%
TFA/aq (20/80-50/50); anal. HPLC: k'= 2.83 & 12.67 min, column A), purity = 88 %;
Ca6HaoNsO,S - 3TFA (870.77).

(9)-N*-{[1-Phenylethylamino](amino)methylene}N*°-{[3-(2-amino-4-methylthiazol-
5-yl)propylamino](amino)methylene}decanediamide (R4)

The title compound was prepared frén34a(110 mg, 0.13 mmol) in 5 ml DCM/abs and
1 ml TFA according to the general procedure yiejdr34 as brown oil (50 mg, 70 %).
'H-NMR (CDs;OD) & (ppm): 7.41-7.3 (m, 5H, AH), 3.35 (t,%J = 7.14 Hz, 2H, El,NH),
3.31 (m, 1H, Ar-®), 2.71 (%3 = 7.7 Hz, 2H, Thiaz-5-8,), 2.46 (m, 4H, CO8,), 2.18
(s, 3H, Thiaz-4-@l3), 1.91 (m, 2H, Thiaz-5-C¥CH>), 1.65 (m, 4H, COChKCH>), 1.59
(d, %3 = 6.9 Hz, 3H, CHEl3), 1.35 (m, 8H, (El,)); *C-NMR (CD;0OD) & (ppm): 177.55
(quat.C=0), 166.75 (quat. Thiaz-2), 141.10 (quat. AE-1), 132.87 (quat. Thiaz-@),
130.19 (+, Ar€H), 129.36 (+, ArcH), 126.89 (+, ArcH), 118.46 (quat. Thiaz-6),
52.92 (+, ArCH), 37.87 (-,CH.,NH), 37.77 (-, C@H,), 30.18 (-,CH,), 29.96 (-, Thiaz-
5-CH,CHy), 25.36 (-, COCHCH,), 23.62 (-, Thiaz-82H,), 22.98 (+, ArCHE3), 11.47
(+, Thiaz-4CHs); HREIMS: mvz for ([Co7H42NgO.S + HJ) caled. 543.3230, found
543.3223; §]*°5 —11.02° (MeCN/HO (9:1)); prep HPLC: MeCN/0.1 % TFA/aq (20/80-
50/50); anal. HPLC: k'= 3.01gt 13.29 min, column A), purity = 98 %;,14,NgO,S -
3TFA (884.8).

(R)-N-{[1-Phenylethylamino](amino)methylene}N*°{[3-(2-amino-4-methylthiazol-
5-yl)propylamino](amino)methylene}decanediamide (R5)
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The title compound was prepared fr&35a(120 mg, 0.14 mmol) in 5 ml DCM/abs and
1 ml TFA according to the general procedure yiegjdtr35as brown oil (60 mg, 79 %).
'H-NMR (CDsOD) & (ppm): 7.41-7.30 (m, 5H, Ar), 3.35 (t,% = 7.14 Hz, 2H,
CH,NH), 3.31 (m, 1H, Ar-&l), 2.71 (t,3) = 7.7 Hz, 2H, Thiaz-5-8,), 2.46 (m, 4H,
COCHy), 2.18 (s, 3H, Thiaz-4483), 1.91 (m, 2H, Thiaz-5-C§CH,), 1.65 (m, 4H,
COCH,CH>), 1.59 (d,%J = 6.9 Hz, 3H, CHE3), 1.35 (m, 8H, (El.),); *C-NMR
(CD3OD) 6 (ppm): 177.55 (quatC=0), 166.75 (quat. Thiaz-2), 141.10 (quat. AE-1),
132.87 (quat. Thiaz-@), 130.19 (+, ArcH), 129.36 (+, ArcH), 126.89 (+, ArcH),
118.46 (quat. Thiaz-&), 52.92 (+, Ar€H), 37.87 (-,CH.,NH), 37.77 (-, C@@H,), 30.18
(-, CHp), 29.96 (-, Thiaz-5-CkCH,), 25.36 (-, COCHCH,), 23.62 (-, Thiaz-3zH,),
22.98 (+, ArCH®3), 11.47 (+, Thiaz-45Hs); HREIMS: mVz for ([CaHa2NgO,S + HJ)
calcd. 543.3230, found 543.3224¢]%, +12.89° (MeCN/HO (9:1)); prep HPLC:
MeCN/0.1 % TFA/aq (20/80-50/50); anal. HPLC: k'9B.(k = 13.31 min, column A),
purity = 93 %; G7H42NgO,S - 3TFA (884.8).

N*-{[4-Methoxylbenzylamino](amino)methylene}N*-{[3-(2-amino-4-methylthiazol-
5-yl)propylamino](amino)methylene}decanediamide (R6)

The title compound was prepared frém36a(36 mg, 0.04 mmol) in 5 ml DCM/abs and 1
ml TFA according to the general procedure yieldi86 as a colorless oil (10 mg, 28 %).
'H-NMR (CD;0D) & (ppm): 7.28 (dJ = 8.7 Hz, 2H, ArH), 6.94 (m, 2H, ArH), 4.45 (s,
2H, NHCH-AT), 3.79 (s, 3H, Ar-OEl3), 3.35 (t,°J = 7.0 Hz, 2H, EI,NH), 2.71 (t,%) =
7.6 Hz, 2H, Thiaz-5-6,), 2.46 () = 7.4 Hz, 4H, CO8)), 2.18 (s, 3H, Thiaz-4485),
1.90 (m, 2H, Thiaz-5-CkCH,), 1.64 (m, 4H, COCBCH>), 1.34 (m, 8H, (El.).); °C-
NMR (CDsOD) & (ppm): 177.41 (quaC=0), 161.31 (quat. AE), 132.66 (quat. Thiaz-4-
C), 130.03 (+, ArcH), 118.44 (quat. Thiaz-&), 115.47 (+, ArcH), 55.80 (+, GCHy),
45.62 (-, NHCHAr), 41.61 (-,CH,NH), 37.84 (-, C@H,), 30.19 (-, Thiaz-5-ChCH,),
29.95 (-, CH2)4), 25.36 (-, COCKICH,), 23.62 (-, Thiaz-82H,), 11.47 (+, Thiaz-4zH3);
HREIMS: m/z for ([Co7H4oNgOsS + HT) calcd. 559.3179, found 559.3165; prep HPLC:
MeCN/0.1 % TFA/aq (20/80-50/50); anal. HPLC: k'82.(& = 10.19 min, column B),
purity = 97 %; G7H42NgO3S - 3TFA (900.8).

N*-{[3,4-Dimethoxybenzylamino](amino)methyleneN%-{[3-(2-amino-4-methyl-

thiazol-5-yl)propylamino](amino)methylene}decanedianide (5.37)
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The title compound was prepared fr&m37a(70 mg, 0.08 mmol) in 5 ml DCM/abs and 1
ml TFA according to the general procedure yieldi8j’ as a colorless oil (15 mg, 32 %).
'H-NMR (CD;0OD) 6 (ppm): 6.95 (m, 3H, AH), 4.45 (s, 2H, NHE,Ar), 3.83 (s, 6H,
OCHs3), 3.35 (m, 2H, E,NH), 2.71 (t,°J = 7.4 Hz, 2H, Thiaz-5-B,), 2.46 (t31=7.14
Hz, 4H, COQH,), 2.18 (s, 3H, Thiaz-44d3), 1.90 (m, 2H, Thiaz-5-C¥{CH;), 1.65 (m,
4H, COCHCH,), 1.35 (m, 8H, (Ey)4); *C-NMR (CD:0OD) & (ppm): 177.27 (quat.
C=0), 168.22 (quat. Thiaz-2), 156.63 (quatC=NH), 132.50 (quat. Thiaz-@), 118.45
(quat. Thiaz-5¢), 41.61 (-,CH,NH), 37.85 (-, C@H,), 30.18 (-,CHy), 29.73 (-,CH,),
29.95 (-, Thiaz-5-CHCH,), 25,38 (-, C@H,), 23.63 (-, Thiaz-32H,), 11.47 (+, Thiaz-
5-CHs); HREIMS: vz for ([C2gH44Ns04S + HJ) calcd. 589.3279, found 589.3274; prep
HPLC: MeCN/0.1 % TFA/aq (20/80-50/50); anal. HPLKC= 2.76 (k = 10.06 min,
column B), purity = 97 %; &H44NsO4S - 3TFA (930.83).

N*-{[Methylamino](amino)methylene}-N*°{[3-(2-amino-4-methylthiazol-5-yl)-
propylamino](amino)methylene}decanediamide (5.38)

The title compound was prepared fr&38a(65 mg, 0.09 mmol) in 5 ml DCM/abs and 1
ml TFA according to the general procedure yieldr88as brown oil (10 mg, 16 %)H-
NMR (CDsOD) & (ppm): 3.35 (t3J = 7.14 Hz, 2H, El,NH), 2.95 (s, 3H, NHE3), 2.71
(t, 3 = 7.41 Hz, 2H, Thiaz-5-8,), 2.46 (m, 4H, CO8), 2.18 (s, 3H, Thiaz-4485),
1.90 (m, 2H, Thiaz-5-CyCH>), 1.65 (m, 4H, COCKCH,), 1.35 (m, 8H, (El,),); *C-
NMR (CDsOD) 6 (ppm): 177.40 (quatC=0), 163.60 (quat. Thiaz-€), 157.43 (quat.
C=NH), 132.65 (quat. Thiaz-@), 118.45 (quat. Thiaz-8), 41.61 (-,CH,NH), 37.76 (-,
COCHy), 30.19 (-, Thiaz-5-CkCHy), 29.97 (-, CH.)4), 28.32 (+, NKCH3), 25.44 (-,
COCHCH,), 23.62 (-, Thiaz-32H,), 11.46 (+, Thiaz-42H3); HREIMS: m/z for
([C20H3eNgO,S + HJ) calcd. 453.2760, found 453.2758; prep HPLC: MeLN/%
TFA/aq (20/80-50/50); anal. HPLC: k'= 1.84 & 7.59 min, column B), purity = 99 %;
CooH36Ns0.S - 3TFA (794.68).

N*-{[Propylamino](amino)methylene}-N'°-{[3-(2-amino-4-methylthiazol-5-
yl)propylamino](amino)methylene}decanediamide (5.3P

The title compound was prepared frém39a(50 mg, 0.06 mmol) in 5 ml DCM/abs and 1
ml TFA according to the general procedure yielding9 as yellow oil (30 mg, 60 %).
'H-NMR (CDsOD) & (ppm): 3.35 (t3J = 6.9 Hz, 2H, E,NH), 3.25 (t,°J = 7.3 Hz, 2H,
CH,NH), 2.71 (3] = 7.6 Hz, 2H, Thiaz-5-85), 2.46 (t,°J = 7.4 Hz, 4H, COEl,), 2.17
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(s, 3H, Thiaz-4-@l3), 1.90 (m, 2H, Thiaz-5-C¥CH,), 1.67 (m, 6H, COCKCHo,
CH,CHs), 1.32 (m, 8H, (El2)s), 0.99 (t,%J = 7.4 Hz, 3H, CHCH3); **C-NMR (CD;0D)

d (ppm): 177.46 (quatC=0), 170.39 (quat. Thiaz-€), 155.31 (quatC=NH), 132.60
(quat. Thiaz-4€), 118.40 (quat. Thiaz-8), 44.16 (-,CH,NH), 41.58 (-,CH.NH), 37.78

(-, COCHy), 30.15 (-, Thiaz-5-CbCH>), 29.93 (-, CH2)4), 25.43 (-, COCBCH,), 23.62

(-, Thiaz-5CH.), 22.52 (-, CH,CHs), 11.45 (+, Thiaz-43H3), 11.33 (+, CHCHs);
HREIMS: mvz for ([CooHaoNgO,S]") calcd. 480.2995, found 480.2996; prep HPLC:
MeCN/0.1 % TFA/aq (20/80-50/50); anal. HPLC: k’'3@.(k = 8.83 min, column B),
purity = 98 %; GsHaoNsO,S - 3TFA (822.82).

N*-{[Isobutylamino](amino)methylene}-N%{[3-(2-amino-4-methylthiazol-5-yl)-
propylamino](amino)methylene}decanediamide (5.40)

The title compound was prepared frém40a(100 mg, 0.16 mmol) in 5 ml DCM/abs and
1 ml TFA according to the general procedure yiegdbrd0 as brown oil (55 mg, 41 %).
'H-NMR (CD;OD) & (ppm): 3.39 (t3J = 7.1 Hz, 2H, EI,NH), 3.14 (d,2J = 7.1 Hz, 2H,
NHCH,), 2.71 (t,J = 7.4 Hz, 2H, Thiaz-5-B5), 2.46 (t,*J = 7.4 Hz, 4H, CO€l,), 2.18
(s, 3H, Thiaz-4-@l3), 2.00-1.85 (m, 3H, Thiaz-5-G8H,, CH(CHs),), 1.66 (m, 4H,
COCH,CH>), 1.35 (m, 8H, (El,),), 1.00 (d,3) = 6.9 Hz, 6H, CH(El3),); *C-NMR
(CDs0D) 6 (ppm): 177.36 (quatC=0), 156.84 (quatC=NH), 132.57 (quat. Thiaz-@),
118.46 (quat. Thiaz-8), 43.00 (-,CH,NH), 41.61 (-,CH,NH), 37.83 (-, C@H,), 30.22
(-, Thiaz-5-CHCH,), 29.98 (-, CH,)4), 28.83 (+,CH(CHa),), 25.44 (-, COCHKCH),),
23.61 (-, Thiaz-5H,), 20.07 (+, CHCH3),), 11.48 (+, Thiaz-4H3); HREIMS: m/z for
([C23H42NgO,S + HJ) calcd. 495.3230, found 495.3215; prep HPLC: MELN/%
TFA/aq (20/80-50/50); anal. HPLC: k'= 2.6k & 9.66 min, column B), purity = 99 %;
Co3Ha2NgO,S - 3TFA (836.76).

N*-{[3-Aminopropylamino](amino)methylene}-N*°-{[3-(2-amino-4-methylthiazol-5-
yl)propylamino](amino)methylene}decanediamide (5.4

The title compound was prepared fréd1a(100 mg, 0.11 mmol) in 5 ml DCM/abs and
1 ml TFA according to the general procedure yigddim1 as sticky yellow oil (30 mg,
55 %).*H-NMR (CDsOD) & (ppm): 3.42 (t3J = 6.9 Hz, 2H, E&,NH), 3.35 (t,°J = 6.9
Hz, 2H, GH2NH), 3.02 (m, 2H, €l,NH,), 2.71 (1) = 7.6 Hz, 2H, Thiaz-5-85), 2.47 (t,
%) = 7.3 Hz, 4H, CO#,), 2.18 (s, 3H, Thiaz-4485), 2.06-1.84 (m, 4H, Thiaz-5-
CH,CH,, CH.CH,NH,), 1.65 (m, 4H, COCbKCH>), 1.34 (m, 8H, (El,),); “*C-NMR
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(CDs0D) 6 (ppm): 177.43 (quaC=0), 163.14 (quat. Thiaz-2), 155.38 (quatC=NH),
132.60 (quat. Thiaz-@), 118.40 (quat. Thiaz-&), 41.57 (-, CH,NH), 39.50 (-,
CH,NH,), 38.01 (-,CH,NH), 37.75 (-, C@Hy), 30.16 (-, Thiaz-5-CKCHy), 29.93 (-,
(CH2)4), 27.17 (-,CH,CH2NH,), 25.43 (-, COCHCHy), 23.62 (-, Thiaz-582H,), 11.44 (+,
Thiaz-4CHs); HREIMS: mVz for ([C2:H41NgO,S + HJ') calcd. 496.3182, found 496.3177;
prep HPLC: MeCN/0.1 % TFA/aqg (20/80-50/50); anaPU€: k'= 1.49 (¢ = 6.66 min,
column B), purity = 98 %; &H41NgO.S - 4TFA (951.77).

N*-{3-(2-Amino-4-methylthiazol-5-yl)propyl}- N*°-{[3-(2-amino-4-methylthiazol-5-
yl)propylamino](amino)methylene}decanediamide (5.4R

The title compound was prepared frém2a(15 mg, 0.02 mmol) in 5 ml DCM/abs and 1
ml TFA according to the general procedure yieldsrdR as brown oil (10 mg, 91 %)H-
NMR (CDsOD) & (ppm): 3.35 (m, 2H, B,NH), 3.20 (m, 2H, €,NHCO), 2.71 (t3J =
7.68 Hz, 2H, Thiaz-5-B,), 2.62 (t,°J = 7.68 Hz, 2H, Thiaz-5-8,), 2.46 (m, 2H,
COCHy), 2.18 (m, 2H, COH)), 2.15 (s, 3H, Thiaz-4483), 2.14 (s, 3H, Thiaz-44G5),
1.89 (m, 2H, Thiaz-5-CkCH,), 1.74 (m, 2H, Thiaz-5-C¥CH,), 1.69-1.57 (m, 4H,
COCH,CH)), 1.34 (m, 8H, (El1)s); HRLSIMS: m/z for ([C2sH42NgO,S, + HJ") calcd.
551.2950, found 551.2947; prep HPLC: MeCN/0.1 % 7E€A(20/80-50/50); anal.
HPLC: k= 1.90 (¢ = 7.76 min, column B), purity = 96 %;26H42NgO,S, - 3TFA
(892.84).

N*-{[3-(1H-Imidazol-4-yl)propylamino](amino)methylene}-N*%{[3-(2-amino-4-
methylthiazol-5-yl)propylamino](amino)methylene}domsanediamide (5.43)

The title compound was prepared fr&m3a(10 mg, 0.01 mmol) in 5 ml DCM/abs and 1
ml TFA according to the general procedure yieldid3 as white foam-like soid (4 mg,
56 %).'"H-NMR (CD;OD) & (ppm): 8.80 (s, 1H, Im-24), 7.36 (s, 1H, Im-34), 3.38 (m,
4H, CH,NH), 2.83 (m, 2H, Im-4-6l,), 2.71 (1,3 = 7.6 Hz, 2H, Thiaz-5-8,), 2.46 (1,

= 7.1 Hz, 4H, CO@)), 2.17 (s, 3H, Thiaz-4483), 2.03 (m, 2H, Im-4-Ch{CH,), 1.90 (m,
2H, Thiaz-5-CHCH)), 1.65 (m, 4H, COCKCH>), 1.32 (m, 8H, COCHKCH>),), 1.28 (m,
24H, (H»)12); HRLSIMS: mvz for ([Cz/HesN1gO-S + HJ) calcd. 715.5169, found
715.5186; prep HPLC: MeCN/0.1 % TFA/aq (20/80-50/%hal. HPLC: k'= 4.69 §t=
15.23 min, column B), purity = 100 %3fssN100.S - 4TFA (1171.13).

N* N*-Bis{[3-(2-amino-4-methylthiazol-5-yl)propylamino](@amino)methylene}-
benzene-1,4-dicarboxamide (5.44)

198



Heterobivalent motifs and variations of the spacét,R agonists

The title compound was prepared frémd4a(120 mg, 0.13 mmol) in 5 ml DCM/abs and
1 ml TFA according to the general procedure yigjdri4 as yellow oil (40 mg, 57 %).
'H-NMR (CD;OD) & (ppm): 7.16 (m, 4H, AH), 3.46 (t,3 = 7.1 Hz, 4H, EI,NH), 2.76
(t, 3J = 7.7 Hz, 4H, Thiaz-5-8,), 2.20 (s, 6H, Thiaz-4485), 1.97 (m, 4H, Thiaz-5-
CH,CH>); *C-NMR (CD;OD) & (ppm): 177.47 (quatC=0), 132.65 (quat. Thiaz-@),
131.20 (quat. AC), 129.95 (quat. A€), 118.43 (quat. Thiaz-8), 41.98 (-,CH,NH),
29.78 (-, Thiaz-5-ChCH,), 23.64 (-, Thiaz-5H,), 11.48 (+, Thiaz-4zHs); HRLSIMS:
mVz for ([CoqH32N100,S, + H]) calcd. 557.2229, found 557.2225; prep HPLC: MeLN/
% TFA/aq (20/80-50/50); anal. HPLC: k'= 1.48 & 8.23 min, column A), purity = 85
%; CogH32N1002S, - 4TFA (1012.79).

(1,4-Phenylene)bid{-{[3-(2-amino-4-methylthiazol-5-yl)propylamino](amino)-
methylene}acetamide) (5.45)

The title compound was prepared fré&m5a(100 mg, 0.1 mmol) in 5 ml DCM/abs and 1
ml TFA according to the general procedure yieldngb as white foam-like solid (25 mg,
43 %).'H-NMR (CD;0D) & (ppm): 7.31 (s, 4H, AH), 3.79 (s, 4H, COB,), 3.34 (t,°J

= 6.86 Hz, 4H, E,NH), 2.71 (t,3) = 7.41 Hz, 4H, Thiaz-5-8,), 2.16 (s, 6H, Thiaz-4-
CHs), 1.89 (m, 4H, Thiaz-5-C¥CH,); **C-NMR (CD;0D) & (ppm): 180.18 (quat=0),
175.11 (quat. Thiaz-2), 155.38 (quat.C=NH), 133.74 (quat. AE), 132.63 (quat.
Thiaz-4C), 131.01 (+, Ar€H), 118.42 (quat. Thiaz-8), 43.95 (-, C@H,), 41.66 (-,
CH,NH), 29.67 (-, Thiaz-5-CbCH,), 23.61 (-, Thiaz-3=H,), 11.46 (+, Thiaz-4=Hy);
HRLSIMS: nvz for ([CaeH36N1002S, + H]") calcd. 585.2542, found 585.2558; prep
HPLC: MeCN/0.1 % TFA/aqg (10/90-40/60); anal. HPLKC= 1.28 (k = 6.09 min,
column B), purity = 94 %; €H36N100.S, - 4TFA (1040.84).

N* N3-Bis{[3-(2-amino-4-methylthiazol-5-yl)propylamino](@amino)methylene}-
cyclopentane-1,3-dicarboxamidé€5.46)

The title compound was prepared frémd6a(180 mg, 0.19 mmol) in 5 ml DCM/abs and
1 ml TFA according to the general procedure yigddtv6 as brown oil (60 mg, 58 %).
'H-NMR (CDs;OD) & (ppm): 3.35 (t3J = 6.9 Hz, 4H, EI,NH), 3.04 (m, 2H, cPerit),
2.72 (t,%) = 7.6 Hz, 4H, Thiaz-5-8,), 2.26 (m, 2H, cPeri#), 2.18 (s, 6H, Thiaz-4-
CHs), 2.02 (m, 4H, cPeri#), 1.91 (m, 4H, Thiaz-5-C#CH,); *C-NMR (CD;OD) &
(ppm): 170.37 (quaC=0), 132.54 (quat. Thiaz-@), 118.52 (quat. Thiaz-&), 47.16 (-,
COCHy), 41.68 (-,CH.,NH), 37.00 (-, cPent-&), 30.53 (-, cPenE), 29.69 (-, Thiaz-5-
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CH,CHy), 23.65 (-, Thiaz-32H;), 11.45 (+, Thiaz-42H3); HREIMS: m/z for
([C23H36N100-S, + H]Y) caled. 549.2537, found 549.2540; prep HPLC: MeN/%
TFA/aq (10/90-50/50); anal. HPLC: k’'= 1.0& & 5.43 min, column B), purity = 94 %;
CoaH3eN1002S; - 4TFA (1004.81).

N* N*-Bis{[3-(2-amino-4-methylthiazol-5-yl)propylamino](amino)methylene}-
biphenyl-4,4'-dicarboxamide (5.47)

The title compound was prepared fr&d7a(150 mg, 0.15 mmol) in 5 ml DCM/abs and
1 ml TFA according to the general procedure yigdddtd7 as brown oil (52 mg, 55 %).
'H-NMR (CDs;OD) & (ppm): 8.14 (d3J = 8.5 Hz, 4H, ArH), 7.93 (d,3 = 8.5 Hz, 4H,
Ar-H) 3.46 (1,°J = 7.1 Hz, 4H, ®,NH), 2.77 (1,3 = 7.7 Hz, 4H, Thiaz-5-85), 2.20 (s,
6H, Thiaz-4-®3), 1.97 (m, 4H, Thiaz-5-CsCH-); *C-NMR (CD;0D) & (ppm): 177.67
(quat.C=0), 132.65 (quat. Thiaz-@), 130.22 (quat. AC), 129.93 (quat. AE), 118.40
(quat. Thiaz-5€), 41.95 (-,CH,NH), 29.95 (-, Thiaz-5-CkCH,), 23.70 (-, Thiaz-3zH,),
11.48 (+, Thiaz-4cH3); HRLSIMS: m/z for ([C3oH3eN1¢02S, + HJ") calcd. 633.2542,
found 633.2554; prep HPLC: MeCN/0.1 % TFA/aq (2088050); anal. HPLC: k'= 1.98
(tr = 9.88 min, column A), purity = 90 %;,6H3.N100.S, - 4TFA (1088.88).

N* N*-(Ethane-1,2-diyl)bisf\N*-[3-(2-amino-4-methylthiazol-5-yl)propyl-
amino](amino)methylene}succinamidg5.48)

The title compound was prepared fr&8a(100 mg, 0.1 mmol) in 5 ml DCM/abs and 1
ml TFA according to the general procedure yieldngBas brown oil (25 mg, 38 %)H-
NMR (CD;OD) & (ppm): 3.36 (m, 4H, B,NH), 3.21 (t,%) = 7.0 Hz, 4H, CONHE)),
2.78-2.34 (m, 12H, Thiaz-5¥&, COMy), 2.17 (s, 6H, Thiaz-44d3), 1.87 (m, 4H,
Thiaz-5-CHCH,); *C-NMR (CD;OD) & (ppm): 170.34 (quatC=0), 158.81 (quat.
C=NH), 132.48 (quat. Thiaz-@), 118.51 (quat. Thiaz-8), 41.60 (-,CH,NH), 41.36 (-,
COCHy), 30.52 (CONHKCHy) 29.11 (-, Thiaz-5-CbkCH,), 23.45 (-, Thiaz-32H,), 11.41
(+, Thiaz-4CHs); HRLSIMS: mVz for ([CoeH42N1204S; + HJ') calcd. 651.2966, found
651.2966; prep HPLC: MeCN/0.1 % TFA/ag (10/90-3Q/&hal. HPLC: k'= 1.51 #t=
6.73 min, column B), purity = 98 %;,6H42N1,0,4S, - 4TFA (1106.9).

N* N*°-Bis({3-[2-amino-4-methylthiazol-5-yl]propylamino}(amino)methylene)-5,6-
dithiadecanediamide (5.49)

The title compound was prepared fr&49a(190 mg, 0.19 mmol) in 5 ml DCM/abs and
1 ml TFA according to the general procedure yigdv9 as yellow oil (60 mg, 53 %).
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'H-NMR (CDsOD) & (ppm): 7.01 (s, 2H, Thiaz-#h, 3.37 (1,3 = 7.1 Hz, 4H, EI,NH),
2.76 (m, 8H, Thiaz-5-8,, SCH,), 2.62 (t,%) = 7.41 Hz, 4H, CO@.), 2.05 (m, 4H,
COCHCH,), 1.95 (m, 4H, Thiaz-5-C#CH,); *C-NMR (CD;OD) & (ppm): 176.64
(quat.C=0), 171.84 (quat. Thiaz-2), 155.26 (quatC=NH), 126.35 (quat. Thiaz-6),
123.30 (+, Thiaz-43), 41.49 (-,CH,NH), 37.98 (-, C@H,), 35.99 (-, £H,), 29.49 (-,
Thiaz-5-CH-CH,), 24.87 (-, Thiaz-82H,), 24.52 (-, COCHKCH,); HRLSIMS: m/z for
([C2oH36N1¢g0-Ss + HJY) caled. 601.1984, found 601.1972; prep HPLC: MeLN/%
TFA/aq (20/80-50/50); anal. HPLC: k'= 1.56 & 6.85 min, column B), purity = 97 %;
CooH36N 10025, - 4TFA (1056.93).

N* N*%-Bis({3-[2-amino-4-methylthiazol-5-yl]propylamino}(amino)methylene)-7,8-
dithiatetradecanediamide (5.50)

The title compound was prepared fr&m®0a(100 mg, 0.1 mmol) in 5 ml DCM/abs and 1
ml TFA according to the general procedure yielding0 as yellow oil (41 mg, 62 %).
'H-NMR (CDsOD) & (ppm): 7.00 (s, 2H, Thiaz-#h, 3.37 (t,3 = 7.0 Hz, 4H, EI,NH),
2.76 (1,3 = 7.5 Hz, 4H, Thiaz-5-8,), 2.69 (t,%J = 7.0 Hz, 4H, SE,), 2.49 ()= 7.3
Hz, 4H, CO®,), 1.95 (m, 4H, Thiaz-5-C#CH,), 1.69 (m, 8H, SCKCH,, COCHCH)>),
1.46 (m, 4H, @l,); *C-NMR (CD;0OD) & (ppm): 177.23 (quatC=0), 171.80 (quat.
Thiaz-2C), 155.32 (quatC=NH), 126.36 (quat. Thiaz-6), 123.51 (+, Thiaz-4£), 41.49
(-, CHzNH), 39.24 (-, €Hy), 37.98 (-, C@H,), 29.77 (-, SCHCH,), 29.52 (-, Thiaz-5-
CH,-CHy), 28.68 (-, SCHCH,CH,), 24.99 (-, COCKLCH,), 24.89 (-, Thiaz-32H,);
HRLSIMS: nvz for ([C2eHa4N1002Ss + H]") calcd. 657.2604, found 657.2599; prep
HPLC: MeCN/0.1 % TFA/aq (20/80-50/50); anal. HPLKC= 2.43 (k = 9.18 min,
column B), purity = 98 %; €H44N100.S, - 4TFA (1113.03).

N*N*-((Ethane-1,2-diyldioxy)bis[ethane-2,1-diyl])bisN®-{[3-(2-amino-4-
methylthiazol-5-yl)propylamino](amino)methylene}ocanediamide (5.51)

The title compound was prepared frémdla(15 mg, 0.01 mmol) in 5 ml DCM/abs and 1
ml TFA according to the general procedure yieldinl as yellow oil (5 mg, 57 %}H-
NMR (CDsOD) & (ppm): 3.61 (m, 4H, NHCKCH,), 3.53 (t,°J = 5.5 Hz, 4H, OEl,),
3.34 (m, 8H, EI,NH, CONHH,), 2.71 (m, 4H, Thiaz-5-8,), 2.47 (t,3) = 7.3 Hz, 4H,
COCHy), 2.21 (m, 4H, NHCO8),), 2.18 (s, 6H, Thiaz-443), 1.88 (m, 4H, Thiaz-5-
CH,CH>), 1.63 (m, 8H, COCKCH,), 1.37 (m, 8H, (Bl,),); EI-MS (70 eV) m/z (%):
298.1 ((M+3H§*, 100), 426.1 ((M+2HY, 50), 851.7 (MH, 10); HRLSIMS: m/z for
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([CagHseN1206S, + H]") calcd. 851.4742, found 851.4740; prep HPLC: MeN/%
TFA/aq (10/90-35/65); anal. HPLC: k'= 2.4% & 9.30 min, column B), purity = 97 %;
CagHeeN1206S; - 4TFA (1307.22).

N* N*-Bis{[3-(2-amino-4-methylthiazol-5-yl)propylamino](@amino)methylene}-3,6,9-
trioxaundecanediamide (5.52)

The title compound was prepared fréms2a(80 mg, 0.08 mmol) in 5 ml DCM/abs and 1
ml TFA according to the general procedure yieldig2 as colorless oil (25 mg, 51 %).
'H-NMR (CDs0OD) & (ppm): 4.25 (s, 2H, COE,), 4.15 (s, 2H, COB,), 3.74 (m, 8H,
OCH>), 3.38 (1,3 = 6.9 Hz, 2H, E,NH), 3.21 (t,] = 7.0 Hz, 2H, E;NH), 2.69 (m,
4H, Thiaz-5-@,), 2.17 (s, 6H, Thiaz-4483), 1.85 (m, 4H, Thiaz-5-C}CH,); *C-NMR
(CD3OD) 6 (ppm): 174.02 (quatC=0), 132.48 (quat. Thiaz-@¢), 118.51 (quat. Thiaz-5-
C), 72.21 (-, COEly), 71.24 (-, OEly), 41.76 (-,CH;NH), 41.36 (-,CH,NH), 30.52 (-,
Thiaz-5-CH-CHy), 29.78 (-, Thiaz-5-CHCHy), 23.56 (-, Thiaz-32H,), 23.45 (-, Thiaz-
5-CH,), 11.47 (+, Thiaz-42H3), 11.41 (+, Thiaz-42H3); HRLSIMS: m/z for
([C24H40N100sS, + HJ") calcd. 613.2697, found 613.2698; prep HPLC: MELN/%
TFA/aq (10/90-30/70); anal. HPLC: k= 0.7% & 4.73 min, column B), purity = 90 %;
Co4HaoN1005S; - 4TFA (1068.85).

N* N*-Bis({3-[2-amino-4-methylthiazol-5-yl]propylamino}(amino)methylene)-8-[2-
aminoethyl]-4,12-dioxo-5,8,11-triazapentadecanediaithe (5.53)

The title compound was prepared fr&m®3a(26 mg, 0.02 mmol) in 5 ml DCM/abs and 1
ml TFA according to the general procedure yieldigs as sticky yellow oil (11 mg, 75
%). '"H-NMR (CDs;OD) & (ppm): 3.41 (m, 4H, CONHE,), 3.35 (t,°J = 6.8 Hz, 4H,
CH,NH), 3.20 (m, 4H, NE,CH,NH,), 3.02 (m, 4H, CONHCLCH>), 2.78 (m, 4H,
Thiaz-5-CH>), 2.71 (t,% = 7.6 Hz, 4H, CO6B,), 2.60 (t,°J = 6.2 Hz, 4H, NHCO#,),
2.18 (s, 6H, Thiaz-4-B3), 1.90 (m, 4H, Thiaz-5-C}CH,); *C-NMR (CD;OD) & (ppm):
176.51 (quatC=0), 170.36 (quat. Thiaz-2j, 159.85 (quatC=NH), 132.59 (quat. Thiaz-
4-C), 118.43 (quat. Thiaz-B), 55.87 (-, NCH,), 41.60 (-,CH,NH), 37.86 (-,CH,NH,),
37.66 (-, CONHKCH,), 32.76 (-, NHC@H,), 30.21 (-, C@H,), 29.75 (-, Thiaz-5-
CH,CH,), 23.61 (-, Thiaz-32H;), 11.46 (+, Thiaz-42H3); HRLSIMS: m/z for
([CaoHs2N1404S, + H]Y) caled. 737.3810, found 737.3814; prep HPLC: MeN/%
TFA/aq (10/90-40/60); anal. HPLC: k'= 0.2% & 3.46 min, column B), purity = 97 %;
C3oHs2N1404S; - 4TFA (1193.04).
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N* N*"-Bis({3-[2-amino-4-methylthiazol-5-yl]propylamino}(amino)methylene)-9-[2-
aminoethyl]-5,13-diox0-6,9,12-triazaheptadecanediaithe (5.54)

The title compound was prepared fr&m®4a(30 mg, 0.02 mmol) in 5 ml DCM/abs and 1
ml TFA according to the general procedure yieldwgd as sticky yellow oil (17 mg, 70
%). 'H-NMR (CDs;OD) & (ppm): 3.41 (m, 4H, CONHE,), 3.34 (m, 4H, El.NH), 3.21
(m, 4H, NQGH,CH,NH,), 3.04 (m, 4H, CONHCHCH,), 2.70 (% = 7.4 Hz, 4H, Thiaz-5-
CH,), 2.53 (t,J = 6.9 Hz, 4H, CO@l,), 2.31 (t,°J = 7.0 Hz, 4H, NHCO#,), 2.17 (s,
6H, Thiaz-4-®3), 1.91 (m, 8H, Thiaz-5-C¥H,, COCHCH,); *C-NMR (CD;OD) §
(ppm): 176.76 (qualC=0), 176.46 (quatC=0), 170.37 (quat. Thiaz-€), 155.32 (quat.
C=NH), 132.60 (quat. Thiaz-@), 118.43 (quat. Thiaz-8), 55.92 (-, NCH,), 41.61 (-,
CH,NH), 37.60 (-,CH2NH,), 36.79 (-, CONKH,), 35.50 (-, C@H,), 29.72 (-, Thiaz-5-
CH,CHy), 23.63 (-, Thiaz-32H), 21.18 (-, COCKCH,), 11.46 (+, Thiaz-4=Hy);
HRLSIMS: nvz for ([CaHseN1404S, + H]") calcd. 765.4129, found 765.4116; prep
HPLC: MeCN/0.1 % TFA/aq (20/80-50/50); anal. HPLKC= 0.57 (k = 4.21 min,
column B), purity = 100 %; §HseN1404S; - 4TFA (1221.09).

N* N2 N°-Tris{[3-(2-amino-4-methylthiazol-5-yl)propylamino] (amino)methylene}-
benzene-1,3,5-tricarboxamide (5.55)

The title compound was prepared fr&B5a(100 mg, 0.07 mmol) in 5 ml DCM/abs and
1 ml TFA according to the general procedure yiaddirb5as colorless oil (35 mg, 60 %).
'H-NMR (CD;OD) & (ppm): 8.87 (s, 3H, AH), 3.46 (t,] = 6.9 Hz, 6H, EI.NH), 2.76
(t, °J = 7.4 Hz, 6H, Thiaz-5-85), 2.19 (s, 9H, Thiaz-4483), 1.97 (m, 6H, Thiaz-5-
CH,CH>); *C-NMR (CD;OD) & (ppm): 170.39 (quatC=0), 168.04 (quat. Thiaz-2),
155.69 (quatC=NH), 134.77 (quat. AE), 133.93 (+, Ar€H), 132,65 (quat. Thiaz-@),
118,38 (quat. Thiaz-&), 41.96 (-,CH,NH), 29.73 (-, Thiaz-5-CkCH,), 23.62 (-, Thiaz-
5-CH,), 11.47 (+, Thiaz-43H3); HRLSIMS: mvz for ([CssHasN15s0sSs + H]") calcd.
796.3070, found 796.3060; prep HPLC: MeCN/0.1 % T7&eA (10/90-50/50); anal.
HPLC: k'= 1.24 @ = 6.00 min, column B), purity = 94 %;3845N1505S; - 6TFA
(1480.12).

N*-{3-[3-(Piperidin-1-ylmethyl)phenoxy]propyl}- N*°-{[3-(2-amino-4-methylthiazol-
5-yl)propylamino](amino)methylene}decanediamide (%3)

The title compound was prepared frén63a(20 mg, 0.024 mmol) in 5 ml DCM/abs and
1 ml TFA according to the general procedure yigidirb3as colorless oil (15 mg, 93 %).
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'H-NMR (CD;OD) & (ppm): 7.38 (t3J =7.8 Hz, 1H, ArH), 7.06 (m, 2H, ArH), 7.03 (m,
1H, Ar-H), 4.23 (s, 2H, Pip-N-B2-Ar), 4.04 (t,%) = 6.1 Hz, 2H, OE,CH,), 3.43 (m,
2H, Pip-tH>), 3.35 (% =6.9 Hz, 4H, E1,NH), 2.95 (m, 2H, Pip-8,), 2.71 (t21= 7.6
Hz, 2H, Thiaz-5-El,), 2.46 (t,3 = 7.4 Hz, 2H, CO8),), 2.17 (m, 5H, Thiaz-4-Bs,
NHCOCH,), 1.96 (m, 4H, Thiaz-5-C#CH,, OCH,CH,), 1.80 (m, 4H, Pip-8,), 1.57
(m, 6H, COCHCH,, Pip-4-CH,), 1.31 (m, 8H, (€l2)4); *C-NMR (CD;OD) 5 (ppm):
177.45 (quatC=0), 176.46 (quatC=0), 170.23 (quat. Thiaz-2), 161.02 (quat. AE),
155.37 (quatC=NH), 132.60 (quat. Thiaz-@), 131.78 (quat. AE), 131.50 (+, ArcH),
124.36 (+, Ar€H), 118.42 (quat. Thiaz-6), 118.38 (+, ArcH), 117.14 (+, Ar€H),
66.78 (-,CH,-OAr), 61.71 (+, Pip-NSH,), 54.05 (+, Pip-Z=H,, Pip-6CH,), 41.58 (-,
CH.NH), 37.76 (-, CONKH,), 37.38 (-, C@Hy), 37.15 (-, C@H,), 30.26 (-, CH2)2),
29.97 (-, CH2)2), 29.72 (-, Thiaz-5-CHCH,), 27.04 (-, CH,CH,0O), 25.46 (-,
COCH,CHy), 24.10 (-, Pip-32H,, Pip-5CHy), 23.62 (-, Thiaz-82H,), 22.76 (-, Pip-4-
CHy), 11.45 (+, Thiaz-4zHs); HREIMS: m/z for ([CasHs3N,OsS]™) calcd. 627.3931,
found 627.3933; prep HPLC: MeCN/0.1 % TFA/aq (2088050); anal. HPLC: k'= 2.39
(tr = 9.08 min, column B), purity = 99 %;3653N7,03S - 3TFA (969.94).

N*-{3-[3-(Piperidin-1-ylmethyl)phenoxy]propyl}- N**-{[3-(2-amino-4-methylthiazol-
5-yl)propylamino](amino)methylene}hexadecanediamid€5.64)

The title compound was prepared fréne4a(40 mg, 0.044 mmol) in 5 ml DCM/abs and
1 ml TFA according to the general procedure yigddirtb4 as white foam-like solid (15
mg, 48 %).'H-NMR (CDsOD) & (ppm): 7.38 (t3 =7.8 Hz, 1H, ArH), 7.06 (m, 2H, Ar-
H), 7.03 (m, 1H, AH), 4.23 (s, 2H,Pip-N-CHx-Ar), 4.04 (t, % = 6.1 Hz, 2H,
OCH,CHy), 3.43 (m, 2H, Pip-8,), 3.35 (m, 4H, E,NH), 2.94 (t3J = 12.5 Hz, 2H, Pip-
CH,), 2.71 (% = 7.6 Hz, 2H, Thiaz-5-8,), 2.46 (t,J = 7.4 Hz, 2H, CO€l,), 2.17 (m,
5H, Thiaz-4-@G3, NHCOCH,), 2.03-1.69 (m, 10 H, Thiaz-5-GBH,, OCH,CH,, Pip-
CH>), 1.59 (m, 4H, COCBCH>), 1.28 (m, 20H, (El2)10); **C-NMR (CD;OD) & (ppm):
177.45 (quatC=0), 176.49 (quatC=0), 170.38 (quat. Thiaz-2), 161.03 (quat. AE),
132.62 (quat. Thiaz-@), 131.76 (quat. AC), 131.51 (+, Ar€H), 124.35 (+, ArcH),
118.44 (quat. Thiaz-&), 118.44 (+, ArcH), 117.12 (+, ArcH), 66.80 (-,CH2-OAr),
61.71 (+, Pip-NE€H,), 54.06 (+, Pip-Z=H,, Pip-6CHy), 41.60 (-,CH,NH), 37.79 (-,
CONHCHy), 37.38 (-, C@H,), 37.19 (-, C@H,), 30.79 (-,CHy), 30.68 (-,CH,), 30.50
(-, CHy), 30.40 (-,CH,), 30.31 (-,CH,), 30.04 (-,CH,), 29.72 (-, Thiaz-5-CkCH,), 27.11
(-, CH,CH,0), 25.51 (-, COCBLCH,), 24.11 (-, Pip-3cH,, Pip-5CHy), 23.62 (-, Thiaz-5-
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CHy), 22.75 (-, Pip-42Hy), 11.46 (+, Thiaz-4zH3); HRLSIMS: mVz for ([CsgHesN7OsS +
H]") calcd. 712.4948, found 712.4944; prep HPLC: MeLNPb TFA/aq (20/80-50/50);
anal. HPLC: k= 3.96 §t= 13.27 min, column B), purity = 100 %34ElgsN;O3S - 3TFA
(1054.1).

N*-{3-(m-Tolyloxy)propyl}- N*°-{[3-(2-amino-4-methylthiazol-5-yl)propyl-
amino](amino)methylene}decanediamide (5.65)

The title compound was prepared frée5a(20 mg, 0.027 mmol) in 5 ml DCM/abs and
1 ml TFA according to the general procedure yiaddirb5as colorless oil (11 mg, 75 %).
'H-NMR (CD;OD) & (ppm): 7.11 (t3J =8.0 Hz, 1H, ArH), 6.71 (m, 2H, AH), 6.67 (m,
1H, Ar-H), 3.97 (t,%J = 6.2 Hz, 2H, OEl,CH,), 3.35 (m, 4H, El,NH), 2.71 (131 = 7.6
Hz, 2H, Thiaz-5-El,), 2.45 (t,*J = 7.4 Hz, 2H, CO8,), 2.28 (s, 3H, Ar-El3), 2.11 (m,
5H, Thiaz-4-@GH3, NHCOCH,), 1.92 (m, 4H, Thiaz-5-C¥H,, OCH,CH,), 1.61 (m, 4H,
COCH,CH,), 1.31 (m, 8H, (El2)s); **C-NMR (CD;OD) & (ppm): 176.39 (quaiC=0),
160.18 (quat. AC), 132.66 (quat. Thiaz-€), 122.53 (+, Ar€H), 118.45 (quat. Thiaz-5-
C), 116.28 (+, ArcH), 112.49 (+, Ar€H), 66.43 (-,CH»-OAYr), 41.64 (-,CH,NH), 37.77
(-, CONHCHy), 37.54 (-, C@H,), 37.13 (-, C@H,), 30.18 (-, Thiaz-5-CkKCH,), 29.93
(-, (CH2)4), 27.01 (-, CH,CH,0), 25.40 (-, COCKLCH,), 23.62 (-, Thiaz-32H,), 21.61
(+, Ar-CHs), 11.48 (+, Thiaz-4eHs); HREIMS: m/z for ([CsHasNgO3S]™) calcd.
544.3196, found 544.3181; prep HPLC: MeCN/0.1 % 7&eA (20/80-50/50); anal.
HPLC: k'= 3.88 (¢ = 13.06 min, column B), purity = 99 %:;,£144NsOsS - 2TFA
(772.79).

N*-(6-[3,4-Dioxo-2-{3-[3-(piperidin-1-ylmethyl)phenox/]propylamino}cyclobut-1-
enylamino]hexyl)-N*%-{[3-(2-amino-4-methylthiazol-5-yl)propylamino](amino)-
methylene}decanediamid€5.66)

The title compound was prepared fréné6a(25 mg, 0.024 mmol) in 5 ml DCM/abs and
1 ml TFA according to the general procedure yiegjdr66 as brown oil (10 mg, 50 %).
EI-MS (70 eV) m/z (%): 411.9 ((M+2H), 100), 822.7 (MH, 10); HRLSIMS:m/z for
([C43He7NgOsS + HT) calcd. 822.5059, found 822.5052; prep HPLC: MeLN/%
TFA/aq (20/80-50/50); anal. HPLC: k'= 2.6& & 9.79 min, column B), purity = 96 %;
Cu3HsNgOsS - 3TFA (1164.17).
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5.5.1.10 Preparation of the bivalent acylguanidine$.56-5.58

General procedure for the synthesis of propionylaté bivalent acylguanidines 5.56
and 5.57

NEt; (4 or 5 eq) was added to a solutiorbeflor 5.54(1 eq) in MeCN. Subsequently, a
solution of NHS-propionate (0.8 eq) was added dmced for 16 h at room temperature.

The solvent was evaporated and the product putifjepreparative RP-HPLC.

N*-{[3-(2-Amino-4-methylthiazol-5-yl)propylamino](amino)methylene}N*°-{[3-
propionamidopropylamino](amino)methylene}decanediande (5.56)

The title compound was prepared fr@41 (5.6 mg, 5.9 pumol) in 1.5 ml MeCN, NEt
(3.3 ul, 23.6 pmol) and NHS-propionate (0.8 mg,dmol) in 0.5 ml MeCN according to
the general procedure yieldiftg56 (2.8 mg, 86 %) as yellow oitH-NMR (CDs;OD) &
(ppm): 3.46 (m, 2H, B,NH), 3.36 (m, 2H, E;NH), 3.21 (m, 2H, E,NHCO), 2.71 (t,
3)=7.6 Hz, 2H, Thiaz-5-85), 2.47 (t,J = 7.4 Hz, 4H, COH)), 2.21 (m, 2H, E,CHs),
2.18 (s, 3H, Thiaz-4-B3), 2.04-1.74 (m, 4H, Thiaz-5-GBH,, CH,CH,NH), 1.66 (m,
4H, COCHCH,), 1.35 (m, 8H, (€l,)s), 1.12 (t,3] = 7.6 Hz, 3H, CHCH3); HREIMS:
m/z for ([CasH4sNgO3S + HJ) caled. 552.3439, found 552.3438; prep HPLC: MeN/
% TFA/aq (10/90-40/60); anal. HPLC: k'= 2.0% & 8.05 min, column B), purity = 84
%; CosHasNgOsS - 3TFA (893.81).

N* N*"-Bis({3-[2-amino-4-methylthiazol-5-yl]propylamino}(amino)methylene)-9-[2-
propionylaminoethyl]-5,13-dioxo-6,9,12-triazaheptaécanediamide (5.57)

The title compound was prepared fr@d®d4 (8.5 mg, 6.4 pmol) in 0.8 ml MeCN, NEt
(4.5 pl, 32.5 pmol) and NHS-propionate (0.9 mg,5niol) in 0.5 ml MeCN according to
the general procedure yieldifg57 (4.4 mg, 68 %) as brown oitH-NMR (CDsOD) &
(ppm): 3.54 (m, 4H, CONHE,), 3.39 (m, 4H, E€l,NH), 3.23 (m, 4H, NHEI,CH,;NH)),
3.07 (m, 4H, CONHChKCH,), 2.71 (t,% = 7.4 Hz, 4H, Thiaz-5-8,), 2.54 (m, 4H,
COCH,), 2.34 (t,%) = 7.3 Hz, 4H, NHCO#)), 2.26 (m, 2H, COB8,CH;), 2.18 (s, 6H,
Thiaz-4-(H3), 1.92 (m, 8H, Thiaz-5-C¥H,, COCHCH,), 1.11 (t,3J = 7.4 Hz, 3H,
CH,CH3); HREIMS: vz for ([CssHeoN140.S; + H]") calcd. 821.4385, found 821.4391;
prep HPLC: MeCN/0.1 % TFA/aqg (15/85-40/60); anaPU€: k'= 0.85 (¢ = 4.96 min,
column B), purity = 81 %; ¢HeoN1402S, - 4TFA (1277.15).
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{13-Amino-3-[2-(5-{[3-(2-amino-4-methylthiazol-5-y)propylamino](amino)-
methylene}amino-5-oxopentanamido)ethyl]-17-(2-amind-methylthiazol-5-yl)-7,11-
dioxo-3,6,12,14-tetraazaheptadec-12-enyl}-4-{(E)@-2,3,5,6,7-hexahydropyrido-
[3,2,1-ijJquinolin-9-yl)vinyl}-2,6-dimethylpyridini um trifluoroacetate (5.58)

NEt; (2.7 pl, 19.6 pmol) was added to a solutiorb@4 (5.2 mg, 3.9 pmol) in 800 ul
MeCN. Subsequently, a solution of p§*1(E)-4-[2-(1,2,3,5,6,7-hexahydropyrido[3,2,1-
ijj]quinolin-9-yl)ethenyl]-2,6-dimethylpyrylium teafluoroborate, 0.6 mg, 1.6 umol) in 50
pl DMF and 150 pl MeCN was added. After 1-2 min ¢oéor changed from blue to red.
The reaction was stopped by addition of 10 % TFA&®Yul) after an incubation period
of 1 h at room temperature. The product was purifiey preparative RP-HPLC
(MeCN/0.1 % TFA/aq (30/70-70/30)) yieldirig58as red oil (1.1 mg, 69 %). EI-MS (70
eV) m/z (%): 526.8 ((N+H)**, 70), 1052.8 (M, 10); anal. HPLC: k’= 1.81Kt= 7.52
min, column B), purity = 95 %; £3H7sN1504S, - 5TFA (1623.51).

5.5.2 Pharmacological methods

5.5.2.1 Materials
See section 3.5.2.1

5.5.2.2 Determination of histamine receptor agonisrand antagonism in

GTPase assays

See section 4.5.2.2
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Chapter 6

Bioanalytical and toxicological investigations
of representative acylguanidine-type

histamine H,R agonists

6.1 Introduction

As a prerequisite for the application of acylguamedtype HR agonists as pharma-
cological tools in cell basenh vitro studies or in futuren vivo experiments, selected
compounds were investigated regarding their drkg-lproperties and toxic effects.
Monovalent and bivalent acylguanidine-typgRHagonists presented in this work (cf.
chapters 3-5) are of cationic amphiphilic nature ttu their polar basic pharmacophoric
groups (hetarylpropylguanidines) and their lipogghitagments (spacer, alkyl and aryl
residues, respectively). Given that amphiphilicstabces such as surfactants are known
to have a potential to interact with biological nianes, eventually resulting in
membrane disruption and solubilizatibmepresentative compounds were investigated
with respect to their ability to induce the ruptufeerythrocytes (hemolysis). In addition
to the pharmacokinetic properties of compounds, yndinerse mechanisms, like the
formation of active metabolic intermediates or ithteraction with off-targets, can impede
the normal function of the cell and trigger cellatte Thus, selected compounds were
investigated with respect to potential cytotoxiteefs. In addition, the extent of plasma
protein binding was studied. Tables 6.1 and 6.2 giv overview of selected monovalent

and bivalent acylguanidine-type® agonists.
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Table 6.1.Structures of investigated monovalent aminothigpobpylguanidines.

R' NH, O H,C NH

GRSy
s H H

>\/

HoN HoN
" 3.25,3.30, 3.31,3.702, 3.742, 2 3.64
3.779, 3.783,3.807, 3.82°
Compd. R R Compd. R

R
325 CHs fv\/@ 377 CH, f\)io
330 CH, vao 378  CH Y,J\/O
f\/\©
f\/(@

331 CH, f’f\(\ﬁ“c‘)*b 380 H

o
370 CH V\©\ 382 H
OH
OMe

2 Compounds$.70Q 3.74 3.77,3.78 3.80and3.82were provided by Dr. A. Kraufs.

Table 6.2.Structures of investigated bivalent hetarylpropglgidines.

NH, O O N, HsC e iﬁi e
NS —
R/\/\N/k\NWN/)\N/\/\R NW” N 8 N H
H n H \_S
4.10,4.18, 4.19, 4.272, 4.30? HoN 5.29
R NH, O O NH, R
NWHJ\\NJLXJLN/)\”WN
-5 "
HaN 5.45, 5.49 NH;
Compd. n R Compd. n R
4.10 6 2-aminothiazol-5-yl 4.30° 20 2-amino-4-methylthiazol-5-yI
418 14 imidazol-4-yl Compd. R X
4.19 20 imidazol-4-yl 5.45 CH; CH,-Ph-CH
4.27F 8 2-amino-4-methylthiazol-5-yl 5.49 H (CH,)s-S-S-(CH)s3

2 Compounds+.27 and4.30were provided by Dr. A. Kraus.
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6.2 Results and discussion

6.2.1 Hemolytic properties of selected acylguanidetype H;R agonists

The red blood cell is a very commonly used modektadies of amphiphilic drugs. It is
well known that interaction of amphiphilic substaaavith the erythrocyte membrane can
lead to hemolysis by inducing osmotic pressureofadid by cell swelling or by partial
solubilization of membrane lipids and proteins,. oy formation of mixed micelles.
Hemolysis means the abnormal breakdown of red btmild, which leads to the release
of hemoglobin from erythrocytes. Due to the chaastic absorption maximum of
hemoglobin at 580 nm, the hemolytic effect of theestigated title compounds was
determined spectrophotometrically. In Figure 64 plercentage of hemolysis induced by
the investigated compound8.25 3.3Q 3.31, 3.64 3.77, 3.78 3.80 4.10 4.18 4.19
4.27,4.30 5.29 5.45and5.49 is shown compared to the reference compoundoahigif

which is known to induce strong hemoly3is.

A 100 uM B 30 pM C 10 uM
549 5.49 5.49
5.45 5.45 5.45
5.29 5.29 5.29
4.30 4.30 4.30
4.27 4.27 4.27
4.19 4.19 4.19
4.18 4.18 4.18
4.10 4.10 4.10
3.80 3.80 3.80
3.78 3.78 3.78
3.77 3.77 3.77
3.64 3.64 3.64
3.31 3.31 3.31
3.30 3.30 3.30
3.25 . . 3.25 | . . . . 3.25

0 50 100 0 50 100 0 50 100

% hemolysis % hemolysis % hemolysis

Figure 6.1. Percentage of hemolysis induced by sele®{&dcylated hetarylpropylguanidines at 100 uM
(A), 30 uM B) and 10 UM C) compared to the reference compound digitonin.

The hemolytic activity of bivalent acylguanidinggyy HbR agonists was strongly
dependent on the spacer length. While moderate4@206) to severe (70-100 %)
hemolysis had been observed in the concentratiogeraf 10-100 uM for compounds

with long lipophilic alkanediyl spacerd.(l§ 4.19and4.3Q cf. Table 6.2 for structures, n
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> 14), the shorter bivalent ligands were essentialgvoid of hemolytic activity.
Concerning monovalent ligands, severe hemolysis iwdisced by3.77 and 3.78 at a
concentration of 100 puM. All other monovalent compds revealed only minor
hemolytic activity. Notably3.77 and3.78 had a cyclohexyl residue in common. Highly
lipophilic moieties, especially cyclohexyl and lolgpphilic polymethylene linkers, give
a critical amphiphilic character, resulting in sevecell-damaging effects of such
substances. By contrast, compounds bearing lespHilic residues had a decreased or
negligible tendency for solubilization of cell merabes. With exception of bivalent
ligands comprising a 20-membered carbon spakt&dand4.30), the hemolytic effect of
all investigated compounds was essentially mardwal %) at concentrations as low as
30 uM. Probably, the used concentrations of thesepounds were below the critical
micellar concentration to effectively damage thgtleocyte membrane. Compounds
having less “tenside-like” character were foundé&odevoid of hemolytic activity up to
concentrations as high as 100 pM. In conclusiorth wespect to cellulain vitro
investigations oin vivo experiments, concentrations higher than 30 puMnoplaphilic
N®-acylated hetarylpropylguanidines, especially thesaring highly lipophilic residues,

should be avoided.

6.2.2 Cytotoxicity of selected acylguanidine-type R agonists in the

crystal violet based chemosensitivity assay

The cytotoxic properties of selected acylguanidype HR agonists .25 3.30 3.80Q,
4.10 4.19 4.27, 4.30 5.29 and 5.49 were studied in a kinetic crystal violet based
chemosensitivity assay over a period of approxime280 h using proliferating human
HT-29 colon carcinoma celfsCisplatin was taken as reference compound. Figuze

shows the cytotoxic effects as plots of correct&d Values versus time of incubation.

In accordance to the results from the hemolysidis the cytotoxic effect of bivalent
ligands was strongly dependent on the spacer ler@utihy compoundst.19 and 4.3Q

comprising long lipophilic polymethylene spacenspwed strong cytotoxic effects. For
all other investigated bivalent acylguanidines @etlliferation was not affected up to a
concentration of 30 pM. Concerning monovalent acgigdines, all three tested
compounds showed more or less distinct cytotoxicitihe concentration range of 10-30

MM. These observations differed from the resultthhefhemolysis studies, in whié25
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3.30 and 3.80 produced only marginal c-damaging effect Notably, after
approximately 200 h cytocidal effects (corr < 0 %) were detected fo3-(2-amino-4-
methylthiazol-5-ylpropylguanidines with pheralkanoyl @.25 Figure 6.. A) and
cyclohexylalkanoyl residue (3.30, Figure 6.2 B), respectively, whereas the cell
population treated witt8.8C (Figure 6.2C), recoveredafter initial damage (cytotoxi
effect, T/Gor > 0 %).Comparecto the investigated monovalesmtylguanidine 3.25 3.30
and3.80 (log Dy7.4 = 1.73.9), bivalent compound4.27, 5.29 and5.4<¢ with comparable
overall lipophilicity (log Dj7.4) = 2.1-3.7) showed significantieduced cytotoxic effect
Thus, the linkage afwo pharmacophoric moieties thrch spacers of apopriate length
is beneficial with respec to cytotoxicity, presumablydue to reduced amphiphi
character. In summaryn view of future cell basedn vitro investigationsor in vivo
experiments, potential cytotoxic effects of acylgdme-type F,R agonists at

micromolar concentratio should be taken into account.

A

100
9 50
QQ
F oo

-50 - //H/. -50 T

0 100 200 0 100 200
incubation time [h] incubation time [h]

-50 . -50 .

0 100 200 0 100 200
incubation time [h] incubation time [h]
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Figure 6.2. Effectsof selected acylguanidi-type HR agonists on proliferating HZ9 cells upon lor-

term exposurdnvestigated compounc 3.25(A), 3.30(B), 3.80(C), 4.10(D), 4.19(E), 4.27(F), 4.30(G),
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5.29(H) and5.49(l). Following concentrations were used: 3 b}, (10 UM (A) and 30 uM ¢). Cisplatin
(J) was used as positive control at following concatiins: 0.3 uMd), 1 uM (A) and 3 uM ¢).

6.2.3 Investigations on plasma protein binding

The efficiency of drugs is affected by the deg@ahich they bind within blood plasma.
Serum albumin is the most abundant protein in mammalasma. To investigate the
protein binding of selected acylguanidin@s2§ 3.70 3.74 3.78 3.8Q 3.82 4.18 4.19
4.27, 4.3Q 5.29 and5.45 an HPLC method was applied using bovine seruranaib
(BSA) as protein component. After incubation foh and filtration with a cutoff of 10
kDa to remove serum albumin, samples before fitratsamples from supernatant and
samples from filtrate were analyzed. Examples oL EHraces are depicted in Figure 6.3.
In the control experiments (without BSA),

Table 6.3. Percentage of protein binding for
the investigated compounds were able t0gpresentative acylguanidines.

pass the membrane to an average extent ofcompd.  PPB[%] | Compd. PPB[%]
85 % (cf. Figure 6.F). This value was 325 90 4.18 98
3.70 63 4.19 98
considered in the calculation of the protein  3.74 90 4.27 91
- . : 3.78 97 4.30 95
binding (Table 6.3). With exception of 3.80 29 5.99 98
3.70(63 %),3.80(79 %) and3.82(87 %), 3.82 87 5.45 99

all investigated mono- and bivalent compounds wezarly completely bound to serum
albumin (90-99 %). Notabl\8.80 and3.82 which are lacking the 4-methyl group at the
aminothiazole ring, an@.70 which has an additional hydroxyl group at therpteing,
are the compounds with lowest lipophilicity (log-& = 1.7-2.7) among the investigated
H2R agonists. In summary, the synthesized compoundsaled a high degree of plasma
protein binding. This must be taken into accourttewacylguanidines are investigatad

ViVO.
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Figure 6.3. HPLC traces of samples containiB¢5 (A), 3.70 (B), 3.80 (C), 4.27 (D) and5.29 (E) in
presence of bovine serum albumin takgibefore filtration,b) from the supernatant ajifrom the filtrate.
In control experiments (without BSA) the compoumdtse able to pass the membrane to an average extent

of 85 %, as shown f@.80as an example].

6.3 Summary

To characterize acylguanidine-typeRdagonists with respect to their use in cell based

vitro studies or futurein vivo experiments, selected compounds were investigated
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regarding their hemolytic and cytotoxic propertees well as their potential to bind to
plasma proteins. Among all investigated compoustieng hemolytic effects were only
induced by compounds with most distinct amphiplplioperties due to highly lipophilic
structural moieties, such as cyclohexyl residuel®mmg polymethylene spacers in case of
monovalent and bivalent ligands, respectively.ddlier compounds were found to induce
only minor hemolytic effects up to concentratiorsshagh as 100 pM. Obviously, the
increase in lipophilicity and in overall amphipbity led to enhanced damage of the
erythrocyte membrane, presumably through the faomaf mixed micelles. In
accordance to the results from the hemolysis studiee cytotoxic effects of bivalent
ligands were strongly dependent on the spacerHer@uly compoundg.19 and4.3Q
comprising the longest lipophilic polymethylene ap&, showed strong cytotoxic effects.
Concerning monovalent ligands, the results fromctiystal violet based chemosensitivity
assay and from hemolysis studies differed: all etbstompounds showed distinct
cytotoxic or cytocidal effects at a concentratioh 3® pM, regardless of negligible
hemolytic activities. Adverse effects probably fe=ai from intracellular toxic effects of
compounds. In so far, the predictive value of tamablysis assay is limited, regardless of
the tenside-like character of the considered comgeuHowever, interactions with cell
membranes (e.g. hemolytic effect) also reflect moghemical properties, which might
play a role in cellular uptake and binding to vasooff-targets. Furthermore, the
investigated compounds revealed a high degreeashmd protein binding. In summary,
these results must be taken into account with mtdpehe application of acylguanidine-
type HR agonists as pharmacological tools to perfamvivo or cell basedn vitro

studies. The drug-like properties of thes®Rtgonists should be further improved.

6.4 Experimental section

6.4.1 Determination of hemolytic properties of acguanidine-type HR

agonists using human erythrocytes

Isotonic saline (2 ml) was added to fresh citrdtachan blood (1 ml) and the suspension
was centrifuged at 4 °C (70 g, 15 min). After remloof the supernatant plasma and the
leukocyte-layer, the erythrocytes were re-suspenttedsotonic saline (1 ml) and

centrifuged again (2000 g, 10 min, 4 °C). The sogent was discarded, the washing
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procedure was repeated twice and the erythrocyses stored on ice before used on the
same day. Stock solutions (1.5 mM and 5 mM) oftdst compounds, dissolved in 70 %
EtOH, were prepared. 500 ul of freshly preparedheogytes were diluted with 9.5 ml of
isotonic saline. Subsequently, aliquots of 50 ptendled into each well of a microtiter
plate (Greiner, Frickenhausen, Germany) and 1 plespective test compound stock
solutions was added to obtain the final concemmatif the test compounds (30 uM and
100 uM). For the negative control (0 % hemolysig)L1lof 70 % EtOH was added, and to
achieve 100 % hemolysis 1 pl of digitonin soluti@n%, w/v) was used as reference.
Each sample was prepared in duplicate. After chmiding, the microtiter plate was
incubated for 1 h at 37 °C and vortexed every 2. nTihereafter, the plate was
centrifuged at 2000 g for 3 min. 30 pl of each wedlre transferred to a new microtiter
plate and 100 pl of isotonic saline were added mdich well. The absorbance was
measured at 580 NMnemogiobin, max and at 485 NMAfemogiobin, miy USINg a GENios Pro
microplate reader (Tecan Deutschland GmbH, Crdilsh&ermany). The hemolytic

activity (percentage) was calculated according to

A A o\ /(A w A %
% Hemolysis _ < 580 nm 580 nm (0 /))/( 580 nm (100 %) __ 580 nm (0 /)> .100

A485 nm A485 nm (0 %) A485 nm (100 %) A485 nm (0 %)

where Asonmand Ags nmare the measured absorbances of the sample aind&mhd 485
nm, respectively, Ao nm © %ANd Ags nm (0 wyare the measured absorbances of the control
at 580 nm and 485 nm, respectively, angoAm (100 %N Aigs nm (100 ware the measured
absorbances of the reference containing digiton&8@ nm and 485 nm, respectively.

6.4.2 Crystal violet based chemosensitivity assaysing proliferating

human HT-29 colon carcinoma cells

The assay was performed as previously descrietordingly, tumor cells were seeded
into flat-bottomed 96-well plates (Greiner, Frickamsen, Germany) at a density of
approximately 15 cells per microscopic field (mdigaition: 320-fold). After 2 to 3 days
of incubation (37 °C, 5 % Cf) the culture medium was removed by suction and
replaced by fresh medium containing the test comg@suat various concentrations. Cells
treated with medium containing the respective sulused for the test compounds served
as control. After various incubation periods thellscewere fixed with 1 %

glutardialdehyde solution in PBS and stored at 4 ACthe end of the experiment all
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plates were stained with crystal violet (Serva, détberg, Germany) simultaneously.
Subsequently, excess dye was removed with watecalhdbound crystal violet was re-
dissolved with 70 % EtOH. The absorbance was medsatr580 nm using a GENios Pro
microplate reader (Tecan Deutschland GmbH, Craitlsh&ermany). The effects of the
test compounds on the proliferating cells were gmésd as corrected T/C values
according to

(T=Co)

T/Ceorr (%) = €=Cy)

100
where T = mean absorbance of treated cells, C snraksorbance of controlsg € mean

absorbance at the time when test compounds weeslqtld 0).
6.4.3 Determination of protein binding using HPLC

Freshly prepared stock solutions of the test comgsy15 ul, 10 mM) were added to a
solution of BSA (485 ul, 600 uM) and the mixturesrevincubated for 1 h at 37 °C. 400
pl of the incubation mixture were filtered usingridaep centrifugal filter devices (10K
Omega, 10000 MWCO, Pall Life Science, New York, UYSAfter filtration of
approximately half of the solution (13000 g, 1-3mil00 ul samples of the filtrate, the
supernatant and the unfiltered sample were takendidnted with 200 pl of ice-cold
MeCN. The solutions were stored in the refrigerafor 30 min to complete
deproteinization and centrifuged at 4 °C (13008 gjin). 200 ul of the supernatant were
transferred into new vials and the solvent remoweder reduced pressure. The residues
were dissolved in 300 pl of MeCN/TFA (0.05 % aq)/@0) and used for HPLC analysis
immediately. As a control, BSA was replaced by piase buffer (pH 7.4) and the same
procedure was repeated.

Analytical HPLC was performed on a system from Tin@iSeparation Products equipped
with an SN400 controller, P4000 pump, an AS300@sarnpler, and a Spectra Focus
UV/Vis detector. Stationary phase was a NucleodiHTec (250 x 4.0, 5uM) column
(Macherey-Nagel, Duren, Germany) thermostated &€ 38s mobile phase, gradients of
MeCN/TFA (0.05 % aq) were used (flow rate = 0.75min™). Gradient mode: 0 min:
MeCN/TFA (0.05% aq) 10:90, 20 min: 60:40, 21 miB:3® -29 min: 95:5. Absorbance
was detected at 210 nm. The percentage of plasataipbinding (PPB) was calculated
according to
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1.15 Afiltrate .

Aunfiltered

PPB (%) = 100 — 100

where Airate IS the peak area under the curve of the filtratepde, AunsiterediS the peak
area under the curve of the sample before filmaiod factor 1.15 represents the mean
impermeability of the centrifugal filter devicestdemined for control samples without
BSA.
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Summary

Potent and selective histamine keceptor (HR) agonists, including brain-penetrating
compounds, are required as pharmacological tooksvéduate the (patho)physiological
role of HRs. Moreover, BER agonists might be of therapeutic value as drdgs,

example, in the treatment of acute myelogenouseleiik.

Previously, acylguanidine-type,R agonists with reduced basicity were synthesired i
our laboratory, resulting in improved bioavailalyiland CNS penetration compared to
the corresponding guanidines. Based on the pregedork, this thesis aimed at the
design, the synthesis and the pharmacological cteaization of novelN®-acylated
hetarylpropylguanidines to elaborate the structgtivity relationships (SAR) in more
detail. A central aspect of this project was theeltgpment of bivalent acylguanidine-

type HR agonists.

The prepared compounds were investigated fft bgonism in GTPase and$]GTH/S
binding assays at guinea pig (gp) and human @#R-8sis fusion proteins including
various HR mutants, at the isolated gp right atrium (in aragion with Prof. Elz,
University of Regensburg), and, with respect tgRHselectivity, in GTPase assays for
activity on recombinant humanHH; and H, receptors. In addition, representative
compounds were investigated regarding their henwofytd cytotoxic properties as well

as their potential to bind to plasma proteins.

N®-Acylated 3-(2-aminothiazol-5-yl)propylguanidinesoped to be bR partial to full
agonists. Within this series, highest potenciesdegsin compounds having a two- or
three-membered carbon chain between carbonyl gamapphenyl or cyclohexyl ring,
respectively. Notably, the introduction of a freeiao group at an appropriate distance to

the pharmacophoric moiety was beneficial with resge HR agonistic potency. In
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contrast to their imidazole analogs, the aminotiiesz were highly selective for the;Ri
vs. other HR subtypes. Thus, this study substant@tegous results, confirming that the
2-aminothiazole and the imidazole moiety are bistisoc groups at thedR but not at the
HsR and HR. Moreover, in contrast to amthamine, the 4-metirglup at the thiazole
ring did not significantly contribute to the,R agonism ofN®-acylated 3-(2-amino-4-

methylthiazol-5-yl)propylguanidines.

Bivalent bR agonists were synthesized by connecting the dummnigroups of two
molecules byN®-acylation with dicarboxylic acids of different stture and length
(spacer lengths: 6 — 27 A). The bivalent ligands proved to be uptwo orders of
magnitude more potent than monovalent acylguarsdizwed up to 4000 times more
potent than histamine at the gft(compounds with octanedioyl to decanedioyl spgcer
These are the most potent histamingRHagonists known to date. However, due to
insufficient spacer lengths of the most active coumls, the tremendous gain in potency
compared to monovalent analogs cannot be expldigesimultaneous occupation of the
orthosteric recognition sites of a,® dimer. The high potency rather results from
interaction with an accessory (allosteric?) binditg at the same receptor protomer.

Replacing the second hetarylpropylguanidine morgtia simple alkyl guanidine groups
afforded rather high $R agonistic activities (E4 values in the low nanomolar range),
whereas all other variations in this part of thelenole led to drastically decreased
potencies. A further decrease in potency resulteth fthe elimination of the second
guanidino group, corroborating the importance baaic centre at an appropriate distance
to the pharmacophore to obtain highly potent bivald;,R agonists. These results are
consistent with the concept of interaction with tiréhosteric and an accessory binding
site of one HR protomer, i. e. the accessory binding site calomenodate the second

acylguanidine portion.

All investigated compounds were significantly mpaent and efficacious at the ggtd
relative to the hbR. These differences might help to verify the sstg@d model of
bivalent ligand - receptor interactions via ideination of species-dependent molecular
determinants of the orthosteric and the accessorgling site in hHR and gpHR,
respectively. Investigations on ggiRiland hHR mutants/chimera confirmed the key role
of non-conserved Tyr-17 and Asp-271 in TM1 and TM7the gpHR for species-
selective HR activation and suggested that the e2 loop doégaaicipate in direct
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ligand - receptor interaction. To explore the tagyl of this putative accessory binding

site in more detail, further studies opRHmMutants are necessary.

In conclusion, bioisosteric and bivalent approacapglied in this thesis led to highly
potent and selective pharmacological tools for naetailed investigations of the;R.
However, in view of cell baseia vitro investigations or futurén vivo experiments, the

drug-like properties of these;R agonists should be further improved.
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Appendix

Cmpd. tr (Min) K purity Cmpd. tr (Min) purity
(%) (%)
3.19 4.62 0.73 99.0 412 15.40 3.64 99.0
3.20° 7.91 2.96 96.4 413 20.63 5.22 99.1
3.2F 13.54 4.06 96.2 4.14 6.36 0.92 95.6
3.22 9.95 2.00 97.7 4.1% 7.01 1.11 89.7
3.23 10.79 2.25 99.7 4.16 7.81 1.35 95.0
3.24 11.23 2.39 98.6 417 8.74 1.63 90.2
3.28 12.83 2.87 99.5 418 14.75 3.44 99.3
3.28 14.06 3.24 99.4 419 19.61 4.91 95.9
3.27 15.21 3.58 95.0 4.20° 4.09 0.53 100
3.28 14.81 3.46 100 4.27 6.48 1.42 90.9
3.29 11.34 2.24 97.9 4.27 15.57 4.39 96.9
3.30° 12.77 2.85 97.7 4.24 7.41 1.77 100
3.3F 7.89 1.94 96.1 5.26 9.82 1.96 95.3
3.32 4.31 0.61 100 5.27 9.51 1.87 94.2
3.33 7.34 1.74 100 5.28 8.07 2.02 97.69
3.34 13.29 3.97 99.6 5.29 14.13 3.26 96.3
3.35 23.53 7.80 92.6 5.30 10.74 3.02 96.0
3.36 9.60 2.95 98.9 5.37 12.91 3.82 97.7
3.37 11.44 3.28 99.5 5.32 14.15 4.29 96.4
3.3¢ 13.31 3.97 100 5.3 12.67 2.82 88.31
3.3¢ 9.98 2.73 99.5 5.34 13.29 3.01 98.2
3.40 10.89 3.07 99.5 5.38 13.31 3.01 93.3
3.47F 11.09 3.14 99.4 5.36 10.19 2.81 96.9
3.47 6.80 1.54 100 5.37 10.06 2.76 97.1
3.43 5.46 1.04 96.7 5.38 7.59 1.84 98.6




Chapter 8

3.44 10.96 3.10 99.4 5.39 8.82 2.30 97.8
3.45 11.09 3.15 99.5 5.40 9.66 2.61 98.7
3.46 10.99 3.11 99.7 5.47 6.66 1.49 88.4
3.47 10.13 2.79 99.5 5.42 7.76 1.90 96.1
3.48 11.60 3.34 99.1 5.43 15.22 4.69 99.6
3.49 12.46 3.66 100 5.44 8.23 1.48 85.0
3.50 15.48 4.77 99.1 5.45 6.09 1.28 94.3
3,57 13.78 4.15 99.0 5.46 5.43 1.03 93.9
3.57 14.63 4.47 99.8 5.47 9.88 1.98 90.4
3.5% 3.42 0.28 97.9 5.48 6.73 1.51 97.8
3.54 7.56 1.83 100 5.49 6.85 1.56 97.3
3.55 8.49 2.17 96.8 5.50 9.18 2.43 98.2
3.56 9.30 2.48 98.5 5.5 9.30 2.47 96.6
3.57 12.02 3.49 99.2 5.52 4.73 0.77 90.0
3.5¢ 15.15 4.66 97.4 5.53 3.46 0.29 96.7
3.59 11.21 3.19 98.20 5.54 4.21 0.57 99.8
3.60 15.84 4.92 95.8 5.55 6.00 1.24 94.0
3.6F 8.43 2.15 96.5 5.56 8.05 2.01 84.4
3.67 5.84 1.18 84.8 5.57 4.96 0.85 90.7
3.63 8.90 2.33 100 5.58 7.52 1.81 95.4
3.64 3.41 0.27 94.8 5.63 9.08 2.39 99.2
3.65 3.40 0.27 100 5.64 13.27 3.96 100
4.9 10.22 2.08 92.2 5.65 13.06 3.88 98.7
410 8.66 1.61 94.6 5.66 9.79 2.66 95.7
417 10.37 2.13 100

& TSP-system, gradient mode: MeCN/TFA (0.05% aqjti®: 10:90, 20 min: 60:40, 21 min: 95:5, -29 min:
95:5, flow rate = 0.75 mL mih ty = 2.675 min; k'= @-to)/to. ® TSP-system, gradient mode: MeCN/TFA
(0.05% aq): 0 min: 10:90, 20 min: 60:40, 23 min:3533 min: 95:5, flow rate = 0.7 mL mint, = 3.318

min, kK'= (k—to)/to.

8.2Log D valuesatpH =74

Cmpd. log D74 | Cmpd. log D74" | Cmpd. log D74 | Cmpd. log D74
3.19 1.94 3.51 3.61 3.83 2.58 5.32 4.47
3.20 2.95 3.52 4.12 3.84 3.10 5.33 2.70
3.21 4.99 3.53 -2.95 3.85 3.61 5.34 3.82
3.22 2.55 3.54 -0.23 4.9 2.75 5.35 3.82
3.23 2.57 3.55 1.50 4.10 -1.10 5.36 3.21
3.24 3.13 3.56 143 4.11 -0.01 5.37 2.99
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3.25 3.66 3.57 3.83 412 2.96 5.38 0.86
3.26 4.19 3.58 0.94 4.13 6.01 5.39 1.87
3.27 4.72 3.59 4.60 4.14 -0.41 5.40 2.29
3.28 4.26 3.60 2.07 4.15 -0.02 5.41 -0.72
3.29 3.67 3.61 0.83 4.16 0.49 5.42 3.45
3.30 3.91 3.62 1.29 4.17 1.00 5.43 9.42
3.31 1.45 3.63 1.87 4.18 4.56 5.44 3.56
3.32 0.27 3.64 -1.26 4.19 7.62 5.45 2.13
3.33 1.28 3.65 -2.94 4.20 -2.96 5.46 1.68
3.34 3.32 3.66 3.73 4.21 -2.12 5.47 4.82
3.35 8.41 3.67 4.24 4.22 5.01 5.48 -0.30
3.36 2.23 3.68 3.95 4.24 -0.83 5.49 0.06
3.37 2.76 3.69 4.16 4.25 1.45 5.50 1.35
3.38 3.23 3.70 2.72 4.26 2.25 5.51 2.07
3.39 2.05 3.71 0.01 4.27 3.25 5.52 1.40
3.40 2.56 3.72 4.26 4.28 4,27 5.53 -3.93
3.41 2.48 3.73 4.31 4.29 6.31 5.54 -3.80
3.42 1.04 3.74 4.15 4.30 9.36 5.55 6.10
3.43 -1.67 3.75 4.77 4.31 1.52 5.56 1.26
3.44 2.59 3.76 5.28 4.32 -1.31 5.57 -1.88
3.45 2.64 3.77 5.28 5.26 1.57 5.58 -0.42
3.46 2.48 3.78 5.28 5.27 1.42 5.63 3.25
3.47 2.23 3.79 5.79 5.28 1.20 5.64 6.31
3.48 2.74 3.80 1.70 5.29 3.69 5.65 4.94
3.49 3.0 3.81 1.81 5.30 4.05 5.66 3.86
3.50 4.47 3.82 2.32 5.31 7.03

® Distribution coefficient at pH = 7.4, calculateittwACD/ChemSketch 12.0, Toronto, Canada.

8.3 Short lectures and poster presentations

“Synthesis and structure-activity relationshipsbofalent acylguanidine-type histamine
H, receptor agonists”, short lecture in occasiorhef4d’ EHRS Meeting, Sochi, Russia,
May 11 — 152011, Abstract published in: Inflamm. Res. (2011).

Birnkammer T., Kraus A., Bernhardt G., Dove S., Hz Seifert R., Buschauer A.,
“Structure-activity relationships of bivalent acylnidine-type histamine Hreceptor

231



Chapter 8

agonists”, & Summer School Medicinal Chemistry, University of geesburg,
September 13 — 12010

“Application of the bivalent ligand approach to Epyanidines resulted in highly potent
and selective histamine,Heceptor agonists”, short lecture in occasiorhef3d" EHRS
Meeting, University of Durham (England), July 131%#, 201Q Abstract published in:
Inflamm. Res. (2010) 59 (Suppl 4): S305-S359.

“Bivalent Acylguanidines are Histamine Rl Superagonists”, short lecture in occasion of
the Christmas Colloquium of the Department of Orga@hemistry, University of

Regensburg, December 809

“Application of the bivalent ligand approach to kEpyanidines: a route to histamine H
receptor superagonists”, short lecture in occasiothe annual meeting “Internationale
Doktorandentagung” of the German PharmaceuticaleBo(DPhG), Pichlarn (Austria),

November 192009

Birnkammer T., Kraus A., Bernhardt G., Dove S., Hz Seifert R., Buschauer A,
“Bivalent acylguanidine-type ligands are highly @ut and selective histamine, H
receptor agonists”, Annual meeting of the GermamrRlaceutical Society (DPhG),
University of Jena, September 29 — October20DQ

Elz S., Igel P., Geyer R., Kraus A., Kunze M., Bmmmer T., Buschauer A.,
“Cimetidine: a veteran Hreceptor antagonist for the characterisation ofehgotent

acylguanidine-type Hreceptor agonists”, Annual meeting of the Germharfaceutical
Society (DPhG), University of Jena, September Z8tober 012009

Lopuch M., Birnkammer T., Bernhardt G., Seifert Byschauer A., “Histamine H
receptor binding of potent mono- and bivalent agglgdine-type agonists”, Annual
meeting of the German Pharmaceutical Society (DPh@jversity of Jena, September
29 — October 012009

Birnkammer T., Kraus A., Bernhardt G., Dove S., Hz Seifert R., Buschauer A.,
“Toward bivalent acylguanidine-type ligands: highjgotent and highly selective
histamine H receptor agonists”, 8BEHRS Meeting, University of Fulda, May 13 — 16,
2009
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Elz S., Igel P., Geyer R., Kraus A., Kunze M., Bmmmer T., Buschauer A.,
“Cimetidine: a veteran Hreceptor antagonist for the characterisation ofehgotent
acylguanidine-type Hreceptor agonists”, 38EHRS Meeting, University of Fulda, May
13 -16,2009

Birnkammer T., Kraus A., Preuss H., Bernhardt GQiy®S., Elz S., Seifert R., Buschauer
A., “Towards bivalent K-acylated hetarylpropylguanidines as potent ancbcsiek
histamine H receptor agonists”,"4Summer School Medicinal Chemistry, University of
Regensburg, September 29 — October20D8

“Towards bivalent N-acylated hetarylpropylguanidines as potent anecsiee histamine
H, receptor agonists”, short lecture in occasion hef 4" Summer School Medicinal

Chemistry, University of Regensburg, September 2&tober 012008

Birnkammer T., Kraus A., Preuss H., Bernhardt Qiy®S., Elz S., Seifert R., Buschauer
A., “Bivalent acylguanidine-type ligands as potamd selective histamine,Heceptor
agonists”, Abstract published in: Drugs of the FatuB3 (Suppl. A), 127, 20
International Symposium on Medicinal Chemistry, ifia, August 31 — September 04,
2008

Birnkammer T., Kraus A., Preuss H., Bernhardt Qiy®S., Elz S., Seifert R., Buschauer
A., “Bivalent N®-acylated hetarylpropylguanidines as potent andctige histamine b
receptor agonists”, Annual Meeting “Frontiers in ditegnal Chemistry“, University of
Regensburg, March 02 — ()08

8.4 Publications and awards

Birnkammer T., Spickenreither A., Brunskole, |.,duch M., Bernhardt G., Dove S.,
Seifert R., Elz S., Buschauer A., The bivalentnig@approach leads to highly potent and
selective acylguanidine-type histamingndceptor agonistg, Med. Chem. 2011

Ghorai P., Kraus A., Birnkammer T., Geyer R., Bamth G., Dove S., Seifert R., Elz S.,
Buschauer A., Chiral Rtacylated hetarylpropylguanidine-type histaming tdceptor
agonists do not show significant stereoselectividiygorg. Med. Chem. Lett. 201Q 20,
3173-3176.
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Kraus A., Ghorai P., Birnkammer T., Schnell D., Bz Seifert R., Dove S., Bernhardt
G., Buschauer A., RAcylated aminothiazolylpropylguanidines as potant selective
histamine H receptor agonist&hemMedChem 2009 4, 232-240.

First Prize in the European Histamine Research Soety Young Investigator Award:
“Synthesis and structure-activity relationshipsbofalent acylguanidine-type histamine
H, receptor agonists”, in occasion of thé"#HRS Meeting, Sochi, Russia, May 11 — 15,
2011

“Towards bivalentN®-acylated hetarylpropylguanidines as potent anelctige histamine
H, receptor agonists'Poster Award in occasion of the "Summer School Medicinal

Chemistry, University of Regensburg, September 2&tober 012008
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