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ABSTRACT

Based on the previously published pyrazolopyridiased hit compound for which negative
allosteric modulation of both CXCR3 and CXCR4 rdoep was disclosed, we designed,
synthesized and biologically evaluated a set ofehomot only negative, but also positive
allosteric modulators with preserved pyrazolopyraicore. Compoun@e is a dual negative
modulator, inhibiting G protein activity of bothaeptors. For CXCR4 receptpara-substituted
aromatic group of compounds distinguishes betwesgative and positive modulatioRara-
methoxy substitution leads to functional antagonismiile para-chloro triggers agonism.
Additionally, we discovered that chemotaxis is reampletely correlated with G protein
pathways. This is the first work in which we have a series of compounds successfully
demonstrated that it is possible to produce sekectis well as dual-acting modulators of
chemokine receptors, which is very promising faufa research in the field of discovery of

selective or dual modulators of chemokine receptors
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1. Introduction

G protein — coupled receptors (GPCRs) orchestratersge biological functions.
Numerous diseases and disorders are associatedheitimalfunction in their signaling, which
makes them interesting and promising drug targdtsApproximately 30% of marketed drugs
target GPCRs [2]. Historically, drug discovery effoin the field of GPCRs were oriented in
targeting GPCRs orthosteric binding site and thosypeting with the endogenous ligands.
Today the focus shifted to the targeting of allostsites of GPCRSs, which are distinct from the
orthosteric site where the endogenous ligands bidtiressing allosteric sites has several
advantages over targeting orthosteric sites: g) &éne less conserved among related GPCRs and
thus offer the potential for the design of hightyestive synthetic ligands and b) because they do
not compete with the orthosteric ligand, the efddte probe dependence and insurmountable
effects are observed. In general, allosteric ligandn act in three different ways; positive
allosteric modulators enhance the action, whileatieg allosteric modulators decrease the
affinity and/or efficacy of the orthosteric agonigthirdly, and neutral allosteric ligands do not
affect affinity and/or efficacy of the orthosteagonist, but prevent binding of other allosteric
modulators [3,4]. Additionally, the phenomenon &fded signaling complicates the outcome of
GPCRs modulation; biased signaling is the abilityigands to stabilize different conformations
of GPCRs, resulting in the stimulation of selecfbdt not all) signaling pathways that can be
activated by the receptor and thus evoking differfemctional outcomes [5,6]. Therefore,
allosteric modulators provide a range of novel gppoties in modulation of GPCR function.

Especially in the case of chemokine receptors #rat the key regulators of our immune



response, the development of allosteric drugs ikaviroc (allosteric inhibitor of the CCR5
receptor) indicates the power of this approach [7].

Chemokine receptors are representatives of famibf &PCRs [8]. Endogenous ligands
for these receptors are chemokines (chemoattracyéokines), small proteins playing essential
role in the development, homeostasis, and functénthe immune system [9]. Among
chemokine receptors, CXCR3 is mostly expressedctimaded Thl cells, but is also located on
circulating blood T cells, B cells and natural églicells [10-12]. Three distinct CXCR3 isoforms
have been identified, including CXCR3-A, CXCR3-Bdaless known alternative CXCR3-alt
[13, 14]. Receptor’'s endogenous ligands are CX@OCL10 and CXCL11, of which CXCL11
is the dominant ligand followed by CXCL10 [15]. Atdnally, endogenous CXCL4 was
discovered as a high affinity ligand for CXCR3-Bferm. [13].0n the other hand, CXCR4
receptor is expressed on several immune cellsrikaocytes, B cells and naive T cells, and
binds endogenous chemokine CXCL12 only [15,16]. r@xpression of CXCR3 and its
endogenous ligands has been found to play an immorble in a variety of inflammatory
diseases including autoimmune diseases (e.g., plaultclerosis, psoriasis, and rheumatoid
arthritis) and transplant rejection [15]. It is @lsesponsible for the promotion of melanoma,
osteosarcoma and for metastasis of colon, breasphH nodes and lung metastasis. Likewise,
CXCR4 is often overexpressed in various cancers, (breast cancer, prostate cancer, ovarian
cancer and melanoma) [17] and serves as a co-mueptor for HIV virus [18]. CXCR3 and
CXCR4 co-involvement in metastasis of colorectaloea into other tissues, especially lymph
nodes, liver and lungs has been discovered andrdingty higher pharmacological effect

obtained by blocking both receptors instead of gotésm of each individual receptor was



proven for treatment of colorectal cancer [19]. Tive receptors act synergistically, meaning
that activation of CXCR3 strengthens binding of @42 to CXCR4 [19]. All these findings
lead to the conclusion that compounds that wouhdl aind inhibit the function of both receptors
thereby acting as non-selective dual CXCR3 and CXGCidtagonists/negative allosteric
modulators would have interesting potential intiment of the aforementioned diseases.
Structurally diverse small-molecule ligands withili to individually modulate the
function of either CXCR3 or CXCR4 have been disetbsncluding (aza)quinazolinones
(AMG487, Figure 1), piperazinylpiperidines (VUF1121Figure 1), pyrido[1,Z&]pyrimidin-4-
ones, 1l-aryl-3-piperidin-4-yl-ureas, Nkaryl[1,4]diazepanylureas, 2-iminobenzimidazoles,
bispiperidines and ergolines for CXCR3 [20,21]. §&digands are presumed to be allosteric
modulators [22]. AMG487 (Figure 1), the most stadmeember of azaquinazolines, was the only
reported CXCR3 small molecule antagonist that meged to Phase Il clinical trials for
psoriasis, but failed due to lack of efficacy [2Bjifferent structural classes of CXCR4 small-
molecule antagonists have been designed, but ofégyvaof them have been studied in detail:
tetrahydroquinolines (AMDO070, Figure 1N-substituted indoles, 1,4-phenylenebis(methylene)
derivatives andN-containing heterocycles are among them [24]. AMDQFigure 1) is one of
the most known representatives of tetrahydroqumesli an orally active CXCR4 negative

allosteric modulator for the prevention of T-tropi¢V infection [25-27].
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Figure 1. Known small molecule CXCR3 and CXCR4 antagonidtss&dric modulators.

Despite of sharing 36.7% and 63.9% sequence tgteartd similarity, respectively, small
molecule ligand chemical spaces of CXCR3 and CX@R#r markedly. Using ChEMBL22
(version 17), 858 and 484 tested ligands were fdon€€XCR3 and CXCR4, respectively, but
unfortunately no of it seems to be active on thposjte receptor at a threshold of 10nfi28].
Schmidt et al. described the hit compourtd (re-synthesized, Figure 2) as a dual negative
allosteric modulator, potently inhibiting the aetion of CXCR3 and CXCR4 with the pK
value of 8.82 and 8.72, respectively, as determiiredthe F°S]GTR/S assay [28]. The
cooperativity factoraf of the hit compound@h was 0.12 and 0.04 for CXCR3 and CXCR4,
respectively, clearly demonstrating that this coommqbacts as a negative allosteric modulator.

Starting from this dual negative allosteric modoitatour goal was to design and
synthesize a series of novel potent dual allost@adulators of CXCR3 and CXCR4. With the
intention to avoid the limitations ofB]JGTR/S assay, which is performed with isolated
membrane preparations of cells expressing a gieeeptor, we decided to characterize new
series of compound in a whole cell-baseditro assays using transiently transfected HEK293
and primary peripheral blood mononuclear cells (RBylor CD4+ T cells. Predicted binding

poses and interactions identified as crucial fogatiwe allosteric modulation studied by



molecular docking gave us a new insight into strestactivity relationship (SAR) providing
progress in the on-going design and optimizatioma¥el small molecule dual CXCR3 and

CXCR4 negative allosteric modulators.



2. Results and discussion

2.1.Design

By examining the structural features of known snmabllecule CXCR3 and CXCR4
antagonists (Figure 1), we can conclude that ineg#n small molecule ligands consist of
aromatic heterocyclic system connected through diccyr linear alkyl linker to a lipophilic
moiety of one or two substituted or un-substitudeaimatic/heterocyclic rings. Our hit compound
(7h) [28] is in accordance with these findings, whengazolopyridine scaffold represents
aromatic heterocyclic system connected with 1,3athapropane linker to lipophilic moiety

represented by benzene and ethyl group as depictédure 2.

pyrazolopyridine scaffold

o linker
e T ‘
NS
{N N k " lipophilic moieties
=N CH;)
" 7h (hit compound)
e
_/

Figure 2. Investigation of structural features of our hibgmound Th) discovered by Schmidt et

al. [28] and design of novel compounds.

We have designed a series of compounds with predepyrazolopyridine scaffold,
connected with different (cyclic and linear) linketio lipophilic moieties. A previous study of

Schmidt et al. [28] anticipated optimal interacBoof pyrazolopyridine scaffold with receptor,
8



which was the reason for its preservation. As priegskin Figure 2, we have introduced four
different linkers including linear 1,3-diaminoprape cyclic 4-aminopiperidine (in two different
orientations) and piperazine linker, in which weied flexibility, length and influence of the
cationic center. A comparison of the propertiesigdnds between CXCR3 and CXCR4 shows
that CXCR4 tends to bind ligands with a strongesifpee charge compared to CXCRS3 [28].
Also, these ligands differ in the distribution atime& number of hydrogen bond donors and the
predicted lipophilicity. Our prediction was that dification of the linker drives selectivity and
influences biased signaling of individual or evesthoreceptors. According to the structure of
known small molecule ligands (Figure 1), it seeha those acting on CXCR3 have more linear
shape, while those acting on CXCR4 have two lipiophpiarts that point in different directions.
Therefore, we connected linker to one or two arargiophilic moieties. To provide stronger
interactions with receptor, the influence of sulsbn pattern was determined by introduction of
one or two substituents with different electrorfieets.

Complete novel series of compounds was charactenzeéetail in the whole-cell based
assays, including their ability to elicit biasedyraling at the receptors of interest. The
PathHunteB-arrestin 2 recruitment assay (DiscoverX) deteagsrecruitment of-arrestin 2 to
activated receptor by complementing tlegalactosidase ¢gal) enzyme fragments, while
BRET (bioluminescence resonance energy transfegecbacAMP assay measures the
concentration of CAMP. Moreover, the transwell ratgyn assay using PBMC or CD4+ T cells

was employed to measure chemokine induced cellatnigr.

2.2. Chemistry



Synthetic strategy for construction of the pyrapgtadine scaffold2 is described in
Scheme 1. Commercially available pyrazole and edhgtloronicotinate reacted in the presence
of sodium hydride in anhydrodgN-dimethylformamide (DMF) under inert atmospherecatm
temperature to give estéy which was hydrolyzed to carboxylic a@dipon treatment with 3 M

sodium hydroxide in ethanol.

Scheme 1. Synthesis of pyrazolopyridine scaffdld.
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®Reagents and conditions: (i) NaH (60% in minerB| 8MF, rt; (i) 3M NaOH, EtOH, rt.

Synthesis of the derivatives with 1,3-diaminoprapéinker (Scheme 2) started with the
formation of compound from phthalimide potassium salt and 1-bromo-3-poopane in
anhydrous DMF at 70 °Q\N-Alkylation with various aniline derivatives (amik, 4-chloroaniline
and 4-methoxyaniline) in DMF at 70 °C afforded campds4a, 4b and 4c respectively.
Following deprotection of the phthalimide group lwitydrazine hydrate in DMF at 90 °C gave
the desired aminésa, 5b and5c. In the next step coupling @fwith 5a, 5b or 5¢c using 1-ethyl-
3-(3-dimethylaminoisopropyl) carbodiimide (EDC), hgedroxybenzotriazole (HOBt) and
triethylamine (E4N) in dry DMF at O °C provide®a, 6b and6c. Only compoundba was used
for further synthesis of the derivativé@-7h with substituted 1,3-diaminopropane linker.

Various reagents were used féralkylation with catalytic amount of benzyltrietlayhmonium
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chloride (BTEAC) and potassium iodide in acetoldtrinder inert atmosphere at 60 °C to form
final compoundsra-7g. Ester of 7f was hydrolyzed to carboxylic acid with 3 M sodium
hydroxide in ethanol. Compourith was synthesized in microwave reactor (100 °C, &5 20
min) using BTEAC and potassium carbonate.

Scheme 2. Synthesis of the compounds with 1,3-diaminoproganker.?
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®Reagents and conditions: (iii) 1-bromo-3-chlorommog, DMF, 70 °C; (iv) KCOs;, DMF, 60
°C; (v) HNNH, x H,O, EtOH, 90 °C; (vi) HOBt, NMM, EDC x HCI, DMF, OC; (vii) BTEAC,

K2CGs, Kl, CH3CN, 60 °C; (viii) bromoethane, BTEAC,,ROs, CH;CN, MW: 100 °C, 20 min.

The synthetic strategy for compounds with piperaZ8i9e) and 4-aminopiperidinel(-
13f) linker is shown in Scheme 3. The first step wasgsame for all three series of compounds;
coupling of2 with three different linkers (1-Boc piperazineaino-1-Boc-piperidine and AN{
Boc-amino)piperidine) using O-(benzotriazol-1-yDN,N,N’,N'-tetramethyluronium
tetrafluoroborate (TBTU) in the mixture of DCM arldMF (1:1) in the presence dN-
methylmorpholine (NMM) under inert atmosphere abmotemperature. Removal of Boc
protection by TFA was performed in dry DCM at 40ifCnert atmosphere to give the desired
amines8, 10 and 12. Final compound®a-9e and 11a-11d were formed byN-alkylation in
acetonitrile with various benzyl halides and patasscarbonate at 55 °C. The problem of
reaction selectivity has been encountered in théhegis ofl3a, where we first tried to achieve
monosubstitution witiN-alkylation in the presence of BTEAC, potassiunmboaiate, potassium
iodide in acetonitrile at 55 °C, but the major finoduct was always disubstitutek8f,
independent of equivalents of aryl halide usedereaction. Reductive amination using sodium

cyanoborohydride gave monosubstituiéd.

Scheme 3. Synthesis of the compounds with 4-aminopiperiding piperazine linket.
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®Reagents and conditions: (ix) TBTU, NMM, DMF, DKM{; (x) 1. TFA, DKM, 40 °C; (xi)
various benzyl halides, KX0O;, CH;CN, 55 °C; (xii) 3,4-difluorobenzaldehyde, @EOOH,
NaCNBH;, MeOH, r.t.; (xiii) benzyl chloride, BTEAC, #CO; Kl, CH3;CN, 55 °C; (xiv)
benzaldehyde, C}£OOH, NaCNBH, MeOH, r.t; (xv) various benzyl halides, BTEAC,&D;,

Kl, CH3CN, 80 °C.

2.3. Functional characterization

Upon binding of the endogenous chemokines to CX@R8 CXCR4, the G-protein
dependent and independent signaling pathways &xai@d. Both receptors are theg-Goupled
receptors, thus the G protein-dependent signaliag lbe monitored as a decrease in the
intracellular cAMP level [29]. In the G protein-iedendent signalingi-arrestin 2 is involved
[30]. The activation of these pathways leads to dhemotaxis of the cells expressing given

receptors.
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Figure 3. Graphical illustration of functional assays used study the binding of novel

compounds and their ability to modulate chemokirgliated activation of CXCR3 and CXCRA4.

In B-arrestin 2 recruitment assay, all novel compoundse assessed for their ability to

suppress chemokine mediat@darrestin 2 recruitment to activated CXCR3 recepfbne

compounds7a, 7h, 9e, 13b, 13d, 13e and 13f were able to suppress CXCL11-mediafed

arrestin recruitment for at least 20%, which wassem as a limit (Figure 4). Known antagonist

(¥)-NBI-74330 (for structure see Figure S1 in Seppéntary data) [31], which served as a

control compound, could fully inhibj-arrestin 2 recruitment at (M. Concise determination

of the IG values for the novel compounds was unfortunatelypossible due to small assay

windows, resulting only up to 30% of inhibition GXCL11-mediate@-arrestin 2 recruitment.
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Figure 4. The ability of the tested compounds at i to inhibit the B-arrestin 2 recruitment,
representing the percents of chemiluminescencenmparison with CXCL11 (100% activation)
at 50 nM and (£)-NBI-74330 at 1QM (full inhibition) [31] in single pointp-arrestin 2
recruitment assay. The values represent the mearfEM. of three experiments performed in

triplicate.

All the compounds were also screened for agonibm,ability to activate CXCR3 and
causep-arrestin 2 recruitment in the absence of the gactkamokine, and none was found to
possess direct agonistic activity (Figure S3 infBeimentary data).

Our efforts to detect the CXCL12-mediated recreitinof thep-arrestin2 to CXCR4
failed for unknown reasons, although the expressibneceptor was adequate (Figure S2 in
Supplementary data). The detailed testing of vari@XCR4 constructs containing either
ProLink 1 (PK1) or ProLink 2 (PK2) (PathHunter agssBiscoverX) remained without success,
however we believe that the literature undersceinesimportance of-arrestin 2 in CXCR4

signaling and further efforts will be needed tocddiate it [32,33].
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Next, we investigated the ability of our novel qwunds to reverse the chemokine
mediated modulation of adenylate cyclases, whieltlae main effectors of CXCR3 and CXCR4
coupled Gproteins [34]. Because coupling of CXCR3 and CXQRdeptor to G leads to a
negative regulation of the adenylate cyclase, whetreases cAMP levels, the adenylate cyclase
has to be pre-stimulated with forskolin. Therefoifee measured activity actually represents
inhibition of forskolin-stimulated cAMP productioAll of the compounds were first screened in
a single point BRET based cAMP experiment. Comps@ig 9e, 11a, 11e and 13c inhibited

the CXCL11 induced CXCRS3 activation for more th&3¥®b(Figure 5).
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Figure 5. The chart of the tested compounds aulfor CXCR3 antagonism in BRET based
CAMP assay, representing the percents of netBRBfakiin comparison with CXCL11 at 50
nM (100%) and cRAMXS3 at 1M (full inhibition, receptor activation reduced @6) [35]. The

values represent the mean + S.E.M. of three expatsrperformed in triplicate.

Surprisingly, the only compound that appeared aciiv both assaysp{arrestin 2
recruitment and BRET based cAMP assay) on CXCR®mspoundde. Compound®b and9e

with best efficacy of more than 60%, were furthestéd in dose-response assay (Figure 6). For

17



further characterization of allosteric profile these novel compounds, the data of dose-response
assays were analyzed with a ternary complex mddalasterism, using the algorithms in Prism
5.0 (GraphPad Software, San Diego, CA, USA) to rdatee pks and a. pKg measures the
affinity of allosteric modulator for its allosteribinding site ancx denotes the cooperativity
between allosteric and orthosteric ligand and &rahterizes the affinity of orthosteric ligand in
the presence of allosteric modulator [5]. Values of 1 denote positive cooperativity (increase
in orthosteric ligand binding), whereas < 1 denotes negative cooperativity (reduction of
orthosteric ligand bindingp = 0 cannot be distinguishable from competitiveagohism and K

value approachesikalue. Ifa = 1, the result is unaltered ligand affinity [5].

18
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Figure 6. The ability of novel negative allosteric modulat®b and9e to inhibit the CXCL11

(50 nM) mediated CXCR3 G protein activation in BREIsed cAMP assay with representative

dose-effect curves. The dose-dependent receptavityacts plotted for known allosteric

antagonist (cCRAMX3) as a reference [35]. The valtegzresent the mean + S.E.M. of three

experiments performed in triplicate.

pKg values of both compounds are comparable; (k.35 £ 0.10 foBb and pks = 6.15

*+ 0.15 for9e) and are one order of magnitude weaker than tleeviknallosteric antagonist

cRAMX3 (Figure 6) [35]. We assume that b&it and9e act as negative allosteric modulators,
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with the o value equaling zero marring their behavior is ghdguishable from competitive
antagonism. While compoun@b was not identified with-arrestin 2 recruitment assay as a
promising inhibitor of recruitment, but it was sifigant negative allosteric modulator of
CXCR3 in the G protein-dependent pathway, we asstmaeit is capable of biased CXCR3
signaling. Comparing the structures of both compsunthe only difference lies in the
substitution of benzyl moietypara-chloro for 9b and para-methoxy for9e. The substituents
differ in electronic effects, but mostly in H-bondiacceptor ability of the methoxy group, which
indicates that a single H-bond could be the detangifactor for biased signaling. To confirm
biased CXCR3 signaling of compour@h, Student t-test was performed. Unfortunatelly no
significant difference was observed between com@e@b and 9e, therefore9b can not be
considered as biased. Dose-effect curves alsa@atedithat compounds could fully inhibit
activation of G proteins. None of the compounds demonstratedhsitriagonist properties when
tested alone (Figure S4 in Supplementary data).

On CXCR4, the compounds showed significantly ddferprofile. For CXCR4, the
ability of novel compounds to inhibit CXCL12-mededt modulation of cAMP production was
monitored in a single point experiment with the wmanhibitor IT1t (Figure 1) as a control [36].
Compound/a, 7g, 9c, 9e and13e inhibited CXCL12 induced CXCR4 activation for mdahan
50% (Figure 7B). Strikingly, several compoundsSg being the most potent) enhanced the
efficacy of CXCL12, which suggests that these commois act as positive modulators of CXCR4

(Figure 7B).
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Figure 7. (A) The results of CXCR4 agonism screening of coumus at 1QuM with CXCL12
at 20 nM as a positive control. (B) The chart of tested compounds at 1M for CXCR4
antagonism in BRET based cAMP assay, represenhegpercents of netBRET signal in
comparison with CXCL12 at 20 nM (100%) and IT1t 14 pM (full inhibition, receptor
activation reduced to 0%) [36]. The values represed mean + S.E.M. of three experiments

performed in triplicate.

To determine potential intrinsic agonist propertdshese compounds, the compounds
were tested for direct agonism in the cCAMP ass&g dompound$a, 6b andl1la clearly acted

as agonists, meaning they activated the receptbeiabsence of the chemokine (Figure 7A).
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For the further characterization of allosteric geofor these promising compounds, the
activity profile of these compounds was characegtim the presence of CXCL12 and the data

were analyzed with a ternary complex model of &osm [5].
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Figure 8. The ability of novel negative modulatofs, 7g, 9c, 9e and13e to inhibit and positive
modulator13a to activate the CXCL12 (20 nM) mediated CXCR4 eiotactivation in BRET
based cAMP assay with representative dose-effegesuCompoundéa, 6b and1la, showing
direct agonistic effect were also tested for alastprofile. The dose-dependent receptor activity
is plotted for known antagonist (IT1t) as a refeerf36]. The values represent the mean +

S.E.M. of three experiments performed in triplicate

Compound/a, 7g, 9c and9e have comparable affinities (Figure 8). Closer loutk the
structure-activity relationship revealed that caitocenter is not relevant for activity. Two types
of compounds seem to favor inhibition of chemokimeluced activation of G protein;
compounds with longer, flexible linker, connectedtwo unsubstituted aromatic rings, such as
7a and7g, and compounds with short, rigid linker and subtd aromatic group, such 8ésand
9e. This is supported b¥3e where additional substituted aromatic group onamigid linker
decreased the activity. Compour@is 6b, 11a and13a with one aromatic group act as agonists,
regardless of linker’'s properties. Mono-substitatpattern seems to play the major role as a
molecular switch between agonistic and antagonistitavior having in mind that compounds
most likely act as modulators and not direct agsrfastagonistd?ara-Chloro substitution seems
to favor agonism @b and 1l1a), while para-methoxy favors antagonismOg and 13e).
Disubstitution seems to exhibit weak negative coajpaty, by which the affinity of chemokine
is poorly decreased and results in the lack otadly as irBc. Only 7g displays strong negative
cooperativity, while the cooperativity ofa, 9e and 13e cannot be distinguished from
competitive antagonism. Therefore, o8y and7g can be determined as allosteric modulators,

while for the rest we can only assume allosteridinig. Compound$a, 6b and 11a could
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partially enhance the activity of CXCL12 on CXCRddahus, positive allosteric agonists with
intrinsic agonist activity, which is observablerfr@ositive cooperativity value of compounds
6b andlla. In terms of agonism, none of the compounds aagedllosteric agonist on CXCR3,
but only on CXCR4. From dose-effect curves of commuts7a, 9e and 13e, we can conclude
that the compounds would be able to fully inhibitieation of G protein and act as good
negative allosteric modulators of chemokine mediaetivation. Due to poor signal-to-noise
ratio, the data obtained for compourGdsand13a could be fitted only by non-linear regression
curve fixing the Hills slope at 1 to obtain approgte pEGo values.

To confirm negative modulatory effect of novel camapds in anex vivo assay, we
examined the influence of compourfily 9e, 11a, 11e and13c for CXCR3 and compound&,
79, 9c, 9e and 13e for CXCR4 mediated migration of PBMC or CD4+ T hitranswell
migration assay. The activation of CXCR3 has bédwmws to induce migration by activation of
G, through multiple pathways, including phosphoinds#3 kinase (PI3K) [37]. For CXCR4 it
was published that £ subunit interacting with ion channels is respolesifor activation of
PI3K, which leads to chemotaxis [38]. Till now nwedt studies on CXCR3 migration induced
by p-arrestin 2 have been published [39]. However, Fang co-workers pointed out the
involvement off-arrestin 2 in chemotaxis regulation [40].

Two types of cells were used for evaluation of comqs influence on chemokine
induced migration; PBMCs in the case of CXCR3 rémefptl] and CD4+ T cells for CXCR4
[42]. Firstly, phenotypic characterization was dousing flow cytometric analysis in order to
confirm sufficient expression of CXCR3 and CXCR4eaptors on selected cells. Moreover, the

cells were pre-treated with selected compoundsvediels to determine the negative modulatory
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effect. All investigated compoundSky 9e, 11a, 11e and13c) were able to decrease CXCL11
induced migration of cells expressing CXCR3 (Figd#d. At lower concentration (30M) the
decrease was more than 10% and at higher congent(ab0uM) more than 20% compared to

control. With approximately 80% decreased migratibba was the most potent migration

inhibitor.
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Figure9. Inhibition of cell migration using transwell ags&elected compounds were tested for
their capacity to inhibit migration of human PBM&sm upper to lower chamber in a transwell
system, as described in Experimental. Briefly, PRBM®) or isolated CD4T cells (B) were
either left untreated (black) or pre-treated witk@R3 (A) or CXCR4 (B) antagonists and their
migratory capacity toward endogenous chemokinentigafor CXCR3 (CXCL11) or CXCR4
(CXCL12) was evaluated. After the incubation peridde migrated cells from the lower
chamber were thoroughly collected and counted fhomacytometer using 60s counts. Using bar
graphs, mean = SD is shown from four independepé®ements. Statistical significance between

individual pairs (migration of untreated vs. trehtevith all individual compounds) was
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calculated using Student’s unpaired t test (nsr-significant; p<0.05 - *; p<0.01 - **; p<0.001

_ ***)_

The compound¥a, 7g, 9c, 9e and 13e were tested for their ability to suppress the
CXCL12 induced migration of CXCR4-expressing c@hggure 9B). All of the compounds were
able to decrease migration for more than 80% dtdri¢l50uM) concentration in comparison to
control, with compoundlL3e being able to inhibit migration almost completelgterestingly,
compounddla (for CXCR3) andl3e (for CXCR4) were identified as modest negativesitric
modulators in the BRET based cAMP assay, but didseathe most potent inhibition of
migration. This suggests that quantitative effetirthibition of chemotaxis is not necessarily in
a strong correlation with the inhibition of G priotelependent pathways. Other signaling
pathway(s) may be involved in chemotaxis, whicmealar in combination with cAMP-pathway
triggers the full chemotaxis. The very same obd@mavas also confirmed by Milanos et al.
[39].

Surprisingly, compound’h, which was our starting hit showed only weak nigat
allosteric effect on CXCR3 if-arrestin 2 recruitment assay. Furthermore, itrthtl have any
effect on G protein activation in BRET based cAM#3ay, neither on CXCR3 nor on CXCR4
receptor. This discrepancy between the publishedoam observations might be explained by
different assay used for the initial character@atof compounds from the virtual screening,
which detects GDP/GTP exchange rather than cAMReawnation as the final consequence of
GPCR activation [28]. According to Kleemann et[dB], CXCR4 couples to various isoforms
of G proteins and to & The activation of @does not lead to the inhibition of adenylyl cyelas
[44]. For example, the activation of,@ the dopamine D2 receptor does not inhibit atdény
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cyclase [45]. Thus, it is possible that in tHeS[GTR/S assay the compourtth successfully
inhibits the activation of Gproteins, but to lesser extend than that pofA&cordingly, the lack of
efficacy of the compound@h to prevent chemokine-induced inhibition of cAMPguction by
the G proteins results in no detectable effect of tumpound in the CAMP assay. The same
applies to CXCR3. Sincg-arrestin 2 and cAMP signaling pathways are trumportant for
functional agonism/antagonism, we believe thatabgays used in this work offer more relevant
information to decipher compounds’ role in CXCRi\ation.

Overall in our work, we have synthesized and chiaremed novel negative and positive
allosteric modulators of the chemokine receptor€C®8 and CXCR4, which are both prominent
drug targets. Importantly, we identified the compd@e as dual negative allosteric modulator
with comparable functional affinity to both receygtoThe compouné@e was able to suppress the
migration of CXCR4 expressing CD4+ T cells.

2.4. Proposed binding modes of most potent negative allosteric modulators

To propose the binding mode of the most promisiagative allosteric modulators as
confirmed by the cAMP BRET assay, a series of maéadocking calculations were performed
using the crystal structure of CXCR4 (PDB code: ¥)@&nd its derived CXCR3 homology
model (Supplementary data). The proposed bindingesi@re shown in Figures 10 and 11 by
representativedb and9e for CXCR3 andra and9e for CXCRA4.

Figure 10 shows that methoxy substituted benzyktyaif9e forms H-bond with Y663°
(superscript numbers denote Ballesteros-Weinstambering) [46], while chloro substituent
cannot. This is in line with previous reports whefé0"* has been reported as H-bond

interaction partner important for binding of kno@XCR3 ligands [22]. Furthermore, D14%
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ACCEPTED MANUSCRIPT

and W108% have been found to be involved in chemokine bigdimd receptor activation,
which leads to signal transduction [47,48]. Of jeatar importance is W1G9° crucial for
regulation of G protein activation, by which intetians with negative allosteric modulators stop
G protein activation. Therefore, hydrophobic intdiens with aromatic groups &b and 9e

seem to be mainly responsible for G protein infohi{48].
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Figure 10. Ligand interaction diagrams and predicted bindingdes of9b (A) and9e (B),

respectively, obtained by molecular docking in @€CR3 model's binding site. In diagrams,
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red arrows represent H-bond acceptors, yellow regioydrophobic areas, magenta circle and
vector heteroaromatic moiety capable to estabiish interactions and purple regions positive

ionizable moieties.

For CXCR4, D97% was reported as of key importance for CXCL12 bigdio receptor
[49], while Y45-* was identified as signal initiator upon chemokinieding [50]. Compounds
7a and9e (Figure 11) show favorable interactions with thessdues by which they can weaken
not only the binding of chemokine, but also sigmahsduction and thus, decrease the activation
of G protein as determined by cAMP assay. Moreotehond with S285% contributes to

binding of the modulators, which was firmly corroated with the previous investigations [51].
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Figure 11. Ligand interaction diagrams and predicted bindingdes of7a (A) and 9e (B),
respectively, obtained by molecular docking witllXCR4 model's binding site. In diagrams,
red arrows represent H-bond acceptors, green arrbsond donors, yellow regions

hydrophobic areas and purple regions positive abig moieties.

It should be stressed however that some of the GX@Ridues identified to bind ligands

herein (Figure 11) were not only reported previguwss crucial for binding of small molecules

31



with confirmed allosteric behavior (including ouit kompound7h), but also involved in the
chemokine binding [22,27,52]. Therefore, we beligkat our compounds bind to different,
allosteric pocket, which is partially overlappingtiw chemokine binding site. This would
perfectly explain our experimental observation tkabperativity is undistinguishable from

competitive antagonism.

3. Conclusion

In this work we report the synthesis and detailedcfional characterization of novel
compounds that act as positive or negative allesteodulators of CXCR3 and CXCR4. Novel
ligands are characterized by pyrazolopiridine sddffconnected through carbonyl group with
1,3-diaminopropane, 4-aminopiperidine and pipemdinkers to anilino and/or benzylamino
group.

All synthesized compounds were tested in pharestin 2 recruitment and the BRET
based cAMP assay to assess the ability of novepoomds to modulate the activity of CXCRS3
and CXCR4. Furthermore, transwell migration assas wsed for further confirmation of
compounds’ functional antagonism measured by tfieence on chemokine-induced migration
of PBMCs or CD4+ cells and its connection to negathodulation.

Compound®b and9e were identified as the most potent negative madrdaof CXCR3,
and compoundda, 79, 9c, 9e and 13e the most potent negative modulators of CXCR4, with
compounde acting as dual CXCR3/CXCR4 negative modulator. Wéee also able to identify
modest positive modulatdBa on receptor CXCR4, whiléa, 6b andl1la act as weak allosteric

agonists on the same receptor.
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We postulate that for the CXCR3 negative allosteradulation, piperazine linker seems
to be the best choice with one mono-substitutenpliic end functionalities regardless of their
substitution pattern. For targeting CXCR4, 1,3-diapropane linker with two unsubstituted
aromatic groups seems more suitable for functi@mbhgonism, while for piperazine linker
para-substitution on aromatic group guides negative@nglositive modulationPara-Methoxy
substitution triggers antagonism, whilara-chloro substituted compounds were proven to act as
allosteric agonists of CXCR4. Moreover, dichloropyle substituted compounds exhibited
weakened negative cooperativity toward chemokineCCXL on CXCR4. Furthermorgara-
methoxy substitution i8e was shown to be important for dual binding andatieg modulation
on both receptors. Comparables Kalues (6.15 and 6.09) on both CXCR3 and CXCR4
respectively, mak®e the first in class dual negative modulator of CXZIBXCR4 with a very
well-balanced activity.

We believe that our study enabled initial insighthe SAR of these ligands and provided

valuable information for the future developmentaddulators targeting CXCR3 and CXCRA4.

4. Experimental

4.1. Chemistry

All reagents from commercial sources were withauthfer purification. All reactions
requiring anhydrous conditions were carried out arnthert atmosphere using anhydrous
solvents. The reactions were monitored by TLC udtegck silica gel (60 F254) plates (0.20

mm). For detection we used UV light=254 nm) and ninhydrine staining reagent. Column
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chromatography was used for compound purificatiorsiica gel 60, particle size 0.040-0.063
mm.

HPLC purity analyses were assessed on Thermo 8weDiONEX UltiMate 3000
instrument equipped with diode array detector ugigtent Eclipse Plus C18 column (&n, 4.6
mm x 150 mm). The solvent system that was usedides acetonitrile (ACN) and water with
0.1% trifluoroacetic acid (TFA) in gradient 10% AGQdI90% ACN in 20 min with flow rate 1.0
mL/min. All tested compounds wer95% pure by HPLC. Melting points were determined on
Leica hot stage microscope. NMR specti# 4nd**C) were recorded on a Bruker AVANCE Il
spectrometer at 400 and 100 MHz at 298K in DMS@d CDCE solution with TMS as an
internal standard. Spectra can be found in Suppitang data. Mass spectra were determined
using a VG-Analytical Autospec Q mass spectromwitdr ESI and HRMS method. Microwave
reaction was done in septum-sealed glass vialsn{lL which enable high-pressure reaction
conditions (max 20 bar) using microwave reactorcbigr™, CEM Corporation, Matthews, NC.
The temperature of the reaction mixture was moedowith a calibrated infrared temperature
controller under the reaction vessel.

4.1.1. 6-(1H-Pyrazol-1-yl)nicotinic acid (2). CompoundL (8.66 g, 40.43 mmol, 1 equiv)
was dissolved in ethanol (80 mL). 3 M Nag@}{(40.40 mL, 121.3 mmol, 3 equiv) was then
added and the mixture stirred overnight. The sdlwess evaporated under reduced pressure
and the residue was dissolved in water (60 mL) extcacted with diethyl ether (40 mL) two
times. pH of the water phase was adjusted with 2i® till 3 where white precipitate was
formed (7.42 g, 97%)H NMR (400 MHz, DMSO-g) 5(ppm) = 6.65 (ddJ, = 2.7 Hz,J, = 1.6

Hz, 1H, Ar-H), 7.92 (ddJ; = 1.6 Hz,J, = 0.8 Hz, 1H, Ar-H), 8.04 (dd} = 8.6 Hz,J, = 0.8
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Hz, 1H, Ar-H), 8.44 (ddJ), = 8.6 Hz,J, = 2.3 Hz, 1H, Ar-H), 8.70 (ddl; = 2.7 Hz,J, = 0.8 Hz,
1H, Ar-H), 8.96 (ddJ; = 2.3 Hz,J, = 0.8 Hz, 1H, Ar-H), 13.44 (s, 1H, COOH).

4.1.2. 2-(3-Chloropropyl)isoindoline-1,3-dione (3). Phthalimide potassium salt (15.61 g,
84.26 mmol, 1 equiv) was dissolved in anhydrous D{@6 mL), 1-bromo-3-chloropropane
(20.00 mL, 101.12 mmol, 1.2 equiv) was added aedélaction was stirred at 70 °C overnight,
protected from the moist with chlorcalcium tubeeTeaction mixture was poured into ice cold
water (150 mL), which yielded white precipitate.eTprecipitate was filtered with vacuum and
dried on air or under reduced pressure. The conpouas taken into the next step without
further purification and characterization.

4.1.3. General procedure A. Synthesis of compounds 4a-4c. Compound3 (1 equiv) was
dissolved in anhydrous DMF and®0O; (2 equiv) was added. Aniline derivatives (1 equiere
added and the reaction mixture was stirred at &6vernight, equipped with chlorcalcium tube.
The reaction mixture was poured into ice cold watdrere precipitate of compoudth formed.
For compoundgla and4c, water phase was extracted three times with DCiM: drganic phase
was dried over sodium sulphate, filtered and theestd evaporated under reduced pressure.
Compounds were purified by column chromatography.

4.1.3.1. 2-(3-(Phenylamino)propyl)isoindoline-1,3-dione (4a). Compound 4a was
prepared according to general procedrgom 3 (20.93 g, 93.55 mmol) and aniline (8.53 mL,
93.55 mmol). Column chromatography (toluene/acetdf£l) was used to afford the compound
4a (5.89 g, 23%) as yellow solidH NMR (400 MHz, DMSO-g) §(ppm) = 1.87 (p,) = 7.0 Hz,

2H, CH,CH,CH;), 3.04 (m,J; = 7.0 Hz,J, = 5.8 Hz, 2H, CHCH,CH,-NH-Ar), 3.65-3.72 (m,
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2H, CH,CH,CH,-NH-Ar), 5.55 (t,J = 5.8 Hz, 1H, NH), 6.48-6.57 (m, 3H, Ar-H), 7.02-7.48,
2H, Ar-H), 7-81-7.91 (m, 4H, Ar-H).

4.1.3.2. 2-(3-((4-Chlorophenyl)amino)propyl)isoindoline-1,3-dione (4b). Compound4b
was prepared according to general procedufeom 3 (2.20 g, 9.84 mmol) and 4-chloroaniline
(2.25 g, 9.84 mmol). Column chromatography (EtOAzédne: 1/3) was used to afford the
compounddb (0.12 g, 4%) as white solid NMR (400 MHz, DMSO-¢) §(ppm) = 1.82-1.93
(m, 2H, CHCH,CH,), 2.97-3.10 (m, 2H, CHCH.CH,-NH-Ar), 3.68 (t,J = 7.1 Hz, 2H,
CH,CH,CH,-NH-Ar), 5.73-5.85 (m, 1H, NH), 6.54 (d,= 8.9 Hz, 2H, Ar-H), 7.07 (dJ = 8.9
Hz, 2H, Ar-H), 7.80-7.91 (m, 4H, Ar-H).

4.1.3.3. 2-(3-((4-Methoxyphenyl)amino)propyl)isoindoline-1,3-dione (4c). Compound4c
was prepared according to general procedéarefrom 3 (0.50 g, 2.24 mmol) and 4-
methoxyaniline (0.28 g, 2.24 mmol). Column chrongaéphy (EtOAc/hexane: 1/1) was used to
afford the compoundc (0.27 g, 38%) as brown solitH NMR (400 MHz, DMSO-g) (ppm) =
1.86 (g,J = 6.9 Hz, 2H, CHCH,CH,), 2.99 (q,J = 6.9 Hz, 2H, CHCH,CH,-NH-Ar), 3.65-3.73
(m, 2H, CHCH,CH,-NH-Ar), 5.12 (d,J = 5.8 Hz, 1H, NH), 6.48-6.56 (m, 2H, Ar-H), 6.67-6.76
(m, 2H, Ar-H), 7.81-7.93 (m, 4H, Ar-H).

4.1.4. General procedure B. Synthesis of compounds 5a-5¢c. Compoundsda, 4b and4c
were dissolved in ethanol, hydrazine hydrate (5wquas added and the reaction was stirred
overnight at 90 °C. Ethanol was evaporated undkraed pressure. DCM and water were added
to the residue, pH of the water phase was adjusigdl M NaOH to 12, and the phases were

separated. Aqueous phase was extracted with DCMtimes, combined organic phases were
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dried over sodium sulphate, filtered and the sdiaraporated under reduced pressure. The
compound was used in the next reaction withoufigation.

4.1.4.1. N1-Phenylpropane-1,3-diamine (5a). Compound5a was prepared according to
general procedurB from 4a (1.99 g, 7.08 mmol) and was afforded as browr{®if6 g, 71%).

'H NMR (400 MHz, DMSO-g) 5(ppm) = 1.61 (pJ = 6.7 Hz, 2H, CHCH,CH;), 2.64 (t,J = 6.7
Hz, 2H, CHCH,CHy-NH,), 3.02 (q,J = 6.7 Hz, 2H, CHCH,CH,-NH,), 5.54 (s, 1H, NH), 6.46-
6.52 (m, 1H, Ar-H), 6.52-6.58 (m, 2H, Ar-H), 6.909 (m, 2H, Ar-H). A peak for NHlis
missing due to H-bonding with the solvent and/e®H

4.1.4.2. N1-(4-Chlorophenyl)propane-1,3-diamine (5b). Compound5b was prepared
according to general procedidrom 4b (0.30 g, 0.94 mmol) and was used as a grey S0l (

g, 30%) in the next reaction without purificatiomdacharacterization.

4.1.4.3. N1-(4-Methoxyphenyl)propane-1,3-diamine (5c). Compound5c was prepared
according to general proceduBefrom 4c (0.47 g, 1.52 mmol) and was used as a brown solid
(0.23 g, 85%) in the next reaction without purifioa and characterization.

4.1.5. General procedure C. Synthesis of compounds 6a-6¢c. Compound<? (1 equiv) and
5a-5¢ (1.05 equiv) were dissolved in anhydrous DMF andrest at O °C under argon
atmosphere. First HOBt (1.3 equiv), than NMM (2dlie) and after 10 minutes EDC x HCI
(1.4 equiv) were added and the reaction mixture stiaed overnight while allowing to warm up
to the room temperature. Most of the DMF was evaigor under reduced pressure and to the
residue EtOAc was added and extracted three tim#s distilled water, three times with

saturated NaHCglaq) and once with saturated NaCl(aq). The orgahiase was dried over
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sodium sulphate, filtered and the solvent evapdrateder reduced pressure. The compounds
were purified by column chromatography.

4.1.5.1. N-(3-(Phenylamino)propyl)-6-(1H-pyrazol-1-yl)nicotinamide (6a). Compoundéa
was prepared according to general proce@ufeom 2 (0.23 g, 1.19 mmol) anga (0.19 g, 1.25
mmol). Column chromatography (EtOAc/hexane: 1/1% wsed to afford the compoufid (0.18
g, 47%) as white solid. Melting point = 135-138%€. NMR (400 MHz, DMSO-¢) §(ppm) =
1.79-1.88 (m, 2H, CKCH,CH,), 3.09 (q,J = 6.7 Hz, 2H, CO-NH-CHCH,CH,), 3.38-3.44 (m,
2H, CO-NH-CHCH,CH,), 5.59 (tJ = 5.7 Hz, 1H, Ar-NH), 6.49-6.54 (m, 1H, Ar-H), 6.5659
(m, 2H, Ar-H), 6.63 (ddJ, = 2.7 Hz,J, =1.7 Hz, 1H, Ar-H), 7.04-7.10 (m, 2H, Ar-H), 7.89d(d
J; = 1.7 Hz,J, =0.8 Hz, 1H, Ar-H), 8.01 (dd}; = 8.6 Hz,J, =0.8 Hz, 1H, Ar-H), 8.40 (dd]; =
8.6 Hz,J, =2.3 Hz, 1H, Ar-H), 8.69 (dd]; = 2.7 Hz,J, =0.8 Hz, 1H, Ar-H), 8.75 (t) = 5.5 Hz,
1H, Ar-CO-NH), 8.90 (ddJ; = 2.3 Hz,J, =0.8 Hz, 1H, Ar-H)."*C NMR (100 MHz, CDG))
§(ppm) = 28.7 (CHCH,CH,), 38.2 (CO-NH-CHCH,CH,), 42.7 (CO-NH-CHCH,CH,), 108.5
(Ar-C), 111.9 (2xAr-C), 114.1 (2xAr-C), 119.1 (A}C127.4 (Ar-C), 127.6 (Ar-C), 129.5
(2xAr-C), 137.6 (Ar-C), 142.9 (Ar-C), 147.3 (Ar-C)53.2 (Ar-C), 165.3 (Ar-CO). MS (ES+)
m/z = 322.2 (MH+). HRMS (ES+) m/z for1gH1dNsO calculated: 322.1668, found: 322.1661.

4.15.2.  N-(3-((4-Chlorophenyl)amino)propyl)-4-(1H-pyrazol-1-yl)benzamide  (6b).
Compoundeb was prepared according to general proce@ufeom 2 (0.05 g, 0.26 mmol) and
5b (0.05 g, 0.28 mmol). Column chromatography (EtOweane: 1/1) was used to afford the
compound6b (0.06 g, 59%) as white solid. Melting point = 1783°C.*"H NMR (400 MHz,
DMSO-d&;) 3(ppm) = 1.78-1.86 (m, 2H, GEH,CH,), 3.07 (q,J = 4.9 Hz, 2H,CO-NH-

CH,CH,CH), 3.39 (t,J = 4.9 Hz, 2H, CO-NH-CBCH,CH,), 5.84 (t,J = 5.7 Hz, 1H, Ar-NH),
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6.56-6.60 (M, 2H, Ar-H), 6.63 (ddy = 2.6 Hz,J, =1.7, Hz, 2H, Ar-H), 7.07-7.11 (m, 2H, Ar-
H), 7.89 (ddJ; = 1.7 Hz,J, = 0.8 Hz, 1H, Ar-H), 8.01 (dd], = 8.6 Hz,J, = 0.8 Hz, 1H, Ar-H),
8.39 (dd,J; = 8.6 Hz,J, = 2.3 Hz, 1H, Ar-H), 8.69 (ddl; = 2.6 Hz,J, = 0.8 Hz, 1H, Ar-H), 8.74
(t, J= 5.6 Hz, 1H, Ar-CO-NH), 8.90 (dd}; = 2.3 Hz,J, = 0.8 Hz, 1H, Ar-H).**C NMR (100
MHz, CDCk) 8(ppm) = 28.8 (CHCH,CH,), 37.9 (COO-NH-CHCH,CH, and COO-NH-
CH,CH,CH,), 108.5 (Ar-C), 111.9 (2xAr-C), 114.8 (3xAr-C), L3 (Ar-C), 127.6 (Ar-C), 129.3
(2xAr-C), 137.6 (Ar-C), 142.9 (Ar-C), 147.1 (Ar-C)53.2 (Ar-C), 165.4 (Ar-CO). MS (ES+)
m/z = 356.1 (MH+). HRMS (ES+) m/z for;6H;oCINsO calculated: 356.1278, found: 356.1273.
4.153. N-(3-((4-Methoxyphenyl)amino)propyl)-4-(1H-pyrazol-1-yl)benzamide  (6c).
Compoundsc was prepared according to general proce@uirem 2 (0.23 g, 1.23 mmoland5c
(0.23 g, 1.29 mmol)Column chromatography (EtOAc/hexane: 2/1) was useafford the
compound6c (0.30 g, 69%) as beige solid. Melting point = 14B°C.'"H NMR (400 MHz,
DMSO-d) 8(ppm) = 1.82 (pJ = 6.8 Hz, 2H, CHCH,CH,), 3.04 (q,J = 6.8 Hz, 2H, CO-NH-
CH,CH,CHy), 3.40 (q,J = 6.8 Hz, 2H, CO-NH-CKCH,CHj), 3.63 (s, 3H, Ar-OCH), 5.12-5.20
(m, 1H, Ar-NH), 6.51-6.57 (m, 2H, Ar-H), 6.63 (dd, = 2.7 Hz,J, = 1.7, Hz, 1H, Ar-H), 6.69-
6.75 (m, 2H, Ar-H), 7.89 (ddl, = 1.7 Hz,J, = 0.8 Hz, 1H, Ar-H), 8.01 (dd}; = 8.6 Hz,J, = 0.8
Hz, 1H, Ar-H), 8.40 (ddJ; = 8.6 Hz,J, = 2.3 Hz, 1H, Ar-H), 8.69 (ddl, = 2.7 Hz,J, = 0.8 Hz,
1H, Ar-H), 8.74 (tJ = 5.5 Hz, 1H, Ar-CO-NH), 8.91 (dd; = 2.3 Hz,J, = 0.8 Hz, 1H, Ar-H).
¥C NMR (100 MHz, DMSO-g) 3(ppm) = 28.7 (CHCH,CH,), 37.4 (CO-NH-CHCH,CH,),
41.3 (CO-NH-CHCH,CH,), 55.3 (OCH), 108.8 (Ar-C), 111.3 (Ar-C), 113.1 (2xAr-C), 164.

(2xAr-C), 127.5 (Ar-C), 127.9 (Ar-C), 138.5 (Ar-C)42.9 (Ar-C), 143.2 (Ar-C), 147.7 (Ar-C),
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150.6 (Ar-C), 152.1 (Ar-C), 163.9 (Ar-CO). MS (ESmyz = 352.2 (MH+). HRMS (ES+) m/z
for C19H21NsO;, calculated: 352.1774, found: 352.1777.

4.1.6. General procedure D. Synthesis of compounds 7a-7g. Compoundéa (0.15 g, 0.47
mmol, 1 equiv), BTEAC (0.01 g, 0.05 mmol, 0.1 equil (0.01 g, 0.05 mmol, 0.1 equiv) and
K,COs (0.39 g, 2.80 mmol, 6 equiv) were dissolved intacirile (10 mL). Various reagents
(benzyl bromide (4 equiv), allyl bromide (4 equid)4-difluorobenzyl bromide (4 equiv), 3,4-
dichlorobenzyl bromide (2 equiv), 4-chlorobenzylaide (2 equiv), ethyl 2-bromoacetate (3
equiv) and 2-bromoethyl benzene (2 equiv)) wereeddahd stirred under argon atmosphere at
60 °C overnight. The reaction mixture was filtetedemove KCO;, the solvent was evaporated
under reduced pressure and the compounds werépurif column chromatography.

4.16.1. N-(3-(Benzyl(phenyl)amino)propyl)-6-(1H-pyrazol-1-yl)nicotinamide  (7a).
Compoundra was prepared according to general proceBui®m 6a and benzyl bromide (0.22
mL, 1.87 mmol, 4 equiv)Column chromatography (EtOAc/hexane: 1/1) was useafford the
compound7a (0.18 g, 92%) as yellow-green solid. Melting pointl21-124°C*H NMR (400
MHz, DMSO-d) §(ppm) = 1.84-1.94 (m, 2H, GBH,CH,), 3.38-3.42 (m, 2H, CO-NH-
CH,CH,CHy), 3.47-3.54 (m, 2H, CO-NH-Ci&€H,CH,), 4.58 (s, 2H, Ar-CH), 6.55-6.59 (m, 1H,
Ar-H), 6.63 (dd,J; = 2.7 Hz,J, = 1.7 Hz, 1H, Ar-H), 6.65-6.70 (m, 2H, Ar-H), 7.06¢& (m,
2H, Ar-H), 7.18-7.26 (m, 3H, Ar-H), 7.26-7.34 (mkH3Ar-H), 7.89 (dd,J; = 1.7 Hz,J, = 0.8
Hz, 1H, Ar-H), 8.01 (ddJ, = 8.6 Hz,J, = 0.8 Hz, 1H, Ar-H), 8.39 (ddl, = 8.6 Hz,J, = 2.3 Hz,
1H, Ar-H), 8.69 (ddJ, = 2.7 Hz,J, = 0.8 Hz, 1H, Ar-H), 8.76 (t) = 5.6 Hz, 1H, Ar-CO-NH),
8.90 (dd,J; = 2.3 Hz,J, = 0.8 Hz, 1H, Ar-H).X*C NMR (100 MHz, DMSO-g) §(ppm) = 26.8

(CHoCHoCHy), 37.2 (CO-NH-CHCH,CHy), 48.6 (CO-NH-CHCH,CH,), 53.6 (Ar-CH), 108.8
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(Ar-C), 111.3 (Ar-C), 111.9 (2xAr-C), 115.5 (Ar-C)26.4 (2xAr-C), 126.6 (Ar-C), 127.5 (Ar-
C), 127.5 (Ar-C), 128.0 (Ar-C), 128.4 (2xAr-C), 1892xAr-C), 138.5 (Ar-C), 139.2 (Ar-C),
142.9 (Ar-C), 147.7 (Ar-C), 147.8 (Ar-C), 152.1 ¢®), 164.0 (Ar-CO). MS (ES+) m/z = 412.2
(MH+). HRMS (ES+) m/z for @H2sNsO calculated: 412.2137, found: 412.2126.

4.1.6.2. N-(3-(Allyl(phenyl)amino)propyl)-6-(1H-pyrazol-1-yl)nicotinamide (7b).
Compoundrb was prepared according to general proce@ufeom 6a and allyl bromide (0.16
mL, 1.89 mmol, 4 equiv)Column chromatography (EtOAc/hexane: 1/1) was useafford the
compound7b (0.16 g, 89%) as light-pink solid. Melting pointl21-112°C'H NMR (400 MHz,
DMSO-a;) 8(ppm) = 1.78-1.89 (m, 2H, GEH,CH,), 3.36 (s, 4H, CO-NH-CKCH,CH, and
CO-NH-CH,CH,CHy)*, 3.93-9.95 (m, 2H, N-CWCH=CH,), 5.07-5.15 (m, 2H, N-CH
CH=CH,), 5.77-5.88 (m, 1H, N-CHCH=CH,), 6.55-6.59 (m, 1H, Ar-H), 6.63 (dd; = 2.6 Hz,
J, = 1.7 Hz, 1H, Ar-H), 6.65-6.71 (m, 2H, Ar-H), 7.088 (m, 2H, Ar-H), 7.89 (dd), = 1.7
Hz,J, = 0.7 Hz, 1H, Ar-H), 8.02 (ddl; = 8.6 Hz,J, = 0.8 Hz, 1H, Ar-H), 8.40 (dd]; = 8.6 Hz,
J, = 2.3 Hz, 1H, Ar-H), 8.69 (dd); = 2.6 Hz,J, = 0.7 Hz, 1H, Ar-H), 8.76 (t) = 5.5 Hz, 1H,
Ar-CO-NH), 8.91 (ddJ; = 2.3 Hz,J, = 0.8 Hz, 1H, Ar-H). *Signal partially overlaps withat
of H,O in DMSO0.*C NMR (100 MHz, CDG)) §(ppm) = 27.1 (CHCH,CH,), 38.6 (CO-NH-
CH,CH,CH;), 48.8 (CO-NH-CHCH,CH,), 54.1 (N-CH-CH=CH,), 108.5 (Ar-C), 111.8 (Ar-C),
117.7 (N-CH-CH=CH,), 113.2 (3xAr-C), 127.6 (Ar-C), 129.5 (3xAr-C), 1.8 (Ar-C), 133.8
(N-CH,-CH=CH,), 142.9 (Ar-C), 147.2 (2xAr-C), 153.1 (Ar-C), 165Ar-CO). MS (ES+) m/z
= 362.2 (MH+). HRMS (ES+) m/z for £gH23NsO calculated: 362.1981, found: 362.1980.

4.1.6.3. N-(3-((3,4-Difluorobenzyl)(phenyl )amino)propyl)-6-(1H-pyrazol-1-

yhnicotinamide (7c). Compound/c was prepared according to general proce@uie@m 6a and
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3,4-difluorobenzyl bromide (0.24 mL, 1.87 mmol, 4ues). Column chromatography
(DCM/methanol: 20/1) was used to afford the compbun (0.14 g, 66%) as white solid.
Melting point = 123-124°C*H NMR (400 MHz, DMSO-g) §(ppm) = 1.88 (p,) = 7.3 Hz, 2H,
CH,CH,CH,), 3.36-3.41 (m, 2H, CO-NH-Ci€H,CH,), 3.51 (t,J = 7.3 Hz, 2H, CO-NH-
CH,CH,CH;), 4.56 (s, 2H, Ar-Ch), 6.57-6.62 (m, 1H, Ar-H), 6.63 (dd;, = 2.6 Hz,J, = 1.7 Hz,
1H, Ar-H), 6.65-6.71 (m, 2H, Ar-H), 7.02-7.08 (mH1Ar-H), 7.08-7.15 (m, 2H, Ar-H), 7.20-
7.25 (m, 1H, Ar-H), 7.33-7.40 (m, 1H, Ar-H), 7.88d( J, = 1.7 Hz,J, = 0.7 Hz, 1H, Ar-H),
8.01 (ddJ; = 8.6 Hz,J, = 0.8 Hz, 1H, Ar-H), 8.38 (dd}; = 8.6 Hz,J, = 2.3 Hz, 1H, Ar-H), 8.69
(dd,J; = 2.6 Hz,J, = 0.7 Hz, 1H, Ar-H), 8.75 (t) = 5.5 Hz, 1H, Ar-CO-NH), 8.90 (dd; = 2.3
Hz, J, = 0.8 Hz, 1H, Ar-H)**C NMR (100 MHz, DMSO-g) §(ppm) = 26.8 (CHCH,CH,), 37.1
(CO-NH-CH,CH,CH,), 48.6 (CO-NH-CHCH,CH,), 52.8 (Ar-CH), 108.8 (Ar-C), 111.3 (Ar-
C), 112.1 (2xAr-C), 115.3 (Ar-C), 115.9 (Ar-C), 147(Ar-C), 123.0 (Ar-C), 127.5 (2xAr-C),
128.0 (Ar-C), 129.1 (2xAr-C), 137.9 (2xAr-C), 142Ar-C), 148.1 (Ar-C-F), 148.9 (2xAr-C),
149.4 (Ar-C-F), 164.0 (Ar-CO). MS (ES+) m/z = 448(RIH+). HRMS (ES+) m/z for
CasH23FNsO calculated: 448.1949, found: 448.1953.
4.1.6.4. N-(3-((3,4-Dichlorobenzyl) (phenyl)amino)propyl )-6-(1H-pyrazol-1-

yhnicotinamide (7d). Compoundrd was prepared according to general proce8uii®m 6a and
3,4-dichlorobenzyl bromide (0.22 g, 0.93 mmol, 2uigll Column chromatography
(EtOAc/hexane: 1/1) was used to afford the compotch@.11 g, 46%) as yellow-green solid.
Melting point = 149-152°C*H NMR (400 MHz, DMSO-g) §(ppm) = 1.88 (p,) = 7.3 Hz, 2H,
CH,CH,CH,), 3.38-3.42 (m, 2H, CO-NH-Ci€H,CH,), 3.52 (t,J = 7.3 Hz, 2H, CO-NH-

CH;CH,CHj), 4.59 (s, 2H, Ar-Ch), 6.58-6.60 (m, 1H, Ar-H), 6.63 (ddy = 2.7 Hz,J, = 1.7 Hz,
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1H, Ar-H), 6.65-6.71 (m, 2H, Ar-H), 7.09-7.16 (mH2Ar-H), 7.19 (ddJ; = 8.3 Hz,J, = 2.0
Hz, 1H, Ar-H), 7.44 (dJ = 2.0 Hz, 1H, Ar-H), 7.57 (d] = 8.3 Hz, 1H, Ar-H), 7.89 (ddl, = 1.7
Hz,J, = 0.7 Hz, 1H, Ar-H), 8.01 (ddl, = 8.6 Hz,J, = 0.8 Hz, 1H, Ar-H), 8.38 (ddl, = 8.6 Hz,
J, = 2.3 Hz, 1H, Ar-H), 8.69 (dd} = 2.7 Hz,J, = 0.7 Hz, 1H, Ar-H), 8.75 (t) = 5.5 Hz, 1H,
Ar-CO-NH), 8.89 (dd)); = 2.3 Hz,J, = 0.8 Hz, 1H, Ar-H)**C NMR (100 MHz, CDGJ) 5(ppm)
= 27.3 (CHCH,CHy), 38.2 (CO-NH-CHCH,CH,), 48.6 (CO-NH-CHCH,CH,), 53.9 (Ar-CH),
108.5 (Ar-C), 111.9 (Ar-C), 113.3 (2xAr-C), 117 8r{C), 126.1 (Ar-C), 127.6 (2xAr-C), 128.6
(Ar-C), 129.6 (2xAr-C), 130.7 (2xAr-C), 132.8 (AnxCL37.6 (2xAr-C), 142.9 (2xAr-C), 147.1
(Ar-C), 147.9 (Ar-C). Ar-CO signal was not detectddS (ES+) m/z = 480.1 (MH+). HRMS
(ES+) m/z for GsH23CIoNsO calculated: 480.1358, found: 480.1349.

4.1.6.5. N-(2-((4-Chlorobenzyl) (phenyl)amino)ethyl)-6-(1H-pyrazol-1-yl )nicotinamide
(7e). Compoundre was prepared according to general proce@ufem 6a and 4-chlorobenzyl
chloride (0.15 g, 0.93 mmol, 2 equijolumn chromatography (EtOAc/hexane: 1/1) was used
to afford the compounde (0.11 g, 52%) as white solid. Melting point = 8828.*H NMR (400
MHz, DMSO-d;) 5(ppm) = 1.87 (q,) = 7.4 Hz, 2H, CHCH,CH,), 3.36-3.41 (m, 2H, CO-NH-
CH,CH,CHy), 3.50 (t,J = 7.4 Hz, 2H, CO-NH-CKCH,CHy), 4.57 (s, 2H, Ar-ChH), 6.56-6.60
(m, 1H, Ar-H), 6.63 (dd)J, = 2.6 Hz,J, = 1.6 Hz, 1H, Ar-H), 6.64-6.69 (m, 2H, Ar-H), 7.07-
7.14 (m, 2H, Ar-H), 7.19-7.25 (m, 2H, Ar-H), 7.3339 (m, 2H, Ar-H), 7.89 (dd], = 1.6 Hz,J,
= 0.7 Hz, 1H, Ar-H), 8.01 (ddJ}, = 8.6 Hz,J, = 0.8 Hz, 1H, Ar-H), 8.38 (dd}; = 8.6 Hz,J, =
2.3 Hz, 1H, Ar-H), 8.69 (dd}, = 2.6 Hz,J, = 0.7 Hz, 1H, Ar-H), 8.75 () = 5.5 Hz, 1H, Ar-
CO-NH), 8.89 (dd)J; = 2.3 Hz,J, = 0.8 Hz, 1H, Ar-H)*C NMR (100 MHz, CDGJ) 5(ppm) =

27.2 (CHCH,CH,), 38.3 (CO-NH-CHCH,CH,), 40.9 (CO-NH-CHCH,CH,), 48.8 (Ar-CH),
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108.5 (Ar-C), 111.8 (Ar-C), 113.4 (2xAr-C), 117.8r{C), 127.6 (2xAr-C), 128.2 (2xAr-C),
128.8 (2xAr-C), 129.5 (2xAr-C), 137.5 (Ar-C), 144A-C), 147.2 (Ar-C), 148.2 (Ar-C). Three
Ar-C and Ar-CO signals were not detected. MS (B®#) = 446.2 (MH+). HRMS (ES+) m/z for
C25H24CINsO calculated: 446.1748, found: 446.1759.

4.1.6.6. Ethyl 2-((3-(6-(1H-pyrazol-1-yl)nicotinamido)propyl)(phenyl)amino)acetate (7f).
Compound/f was prepared according to general proce@ufiem 6a and ethyl 2-bromoacetate
(0.26 mL, 1.40 mmol, 3 equiv)IColumn chromatography (EtOAc/hexane: 1/1) was used
afford the compoundf (0.35 g, 91%) as white solid. Melting point = 1236°C.*"H NMR (400
MHz, DMSO-d) 5(ppm) = 1.19 (tJ = 7.1 Hz, 3H, CO-CRCHs), 1.86 (p,J = 7.2 Hz, 2H,
CH,CH,CHy), 3.37-3.40 (m, 2H, CO-NH-C€H,CHy), 3.44 (t,J = 7.2 Hz, 2H, CO-NH-
CH,CH,CH,), 4.11 (qJ = 7.1 Hz, 2H, COO-CHCHs), 4.18 (s, 2H, Ar-Ch), 6.58-6.65 (m, 4H,
Ar-H), 7.11-7.18 (m, 2H, Ar-H), 7.89 (dd; = 1.6 Hz,J, = 0.7 Hz, 1H, Ar-H), 8.02 (ddI' = 8.6
Hz,J, = 0.8 Hz, 1H, Ar-H), 8.39 (ddl; = 8.6 Hz,J, = 2.3 Hz, 1H, Ar-H), 8.69 (dd]; = 2.6 Hz,
J, = 0.7 Hz, 1H, Ar-H), 8.75 (tJ = 5.5 Hz, 1H, Ar-CO-NH), 8.91 (dd; = 2.3 Hz,J, = 0.8 Hz,
1H, Ar-H). *C NMR (100 MHz, CDG)) §(ppm) = 14.2 (CHCHs), 27.0 (CHCH,CH,), 39.0
(CO-NH-CH,CH,CH;), 51.1 (CO-NH-CHCH,CH;,), 55.6 (CHCH,), 61.7 (COO-CH), 108.5
(Ar-C), 111.4 (2xAr-C), 113.6 (Ar-C), 118.7 (Ar-C)27.5 (Ar-C), 127.8 (Ar-C), 129.4 (2xAr-
C), 137.6 (Ar-C), 142.6 (Ar-C), 147.6 (2xAr-C), 13Ar-C), 165.1 (Ar-C), 172.6 (COO). MS
(ES+) m/z = 408.2 (MH+). HRMS (ES+) m/z for,8,sNsO3 calculated: 408.2036, found:
408.2031.

4.1.6.7. N-(3-(Phenethyl(phenyl)amino)propyl)-6-(1H-pyrazol-1-yl)nicotinamide (7).

Compound7g was prepared according to general proceddrérom 6a and 2-bromoethyl

44



benzene (0.13 mL, 0.93 mmol, 2 equi@plumn chromatography (EtOAc/hexane: 1/1) was used
to afford the compoundg (0.14 g, 70%) as yellow-brown solid. Melting poimt95-98°C.*H
NMR (400 MHz, DMSO-g) 5(ppm) = 1.81 (pJ = 7.1 Hz, 2H, CHCH,CH,), 2.77-2.83 (m, 2H,
Ar-CH,-CH,), 3.31-3.35 (m, 4H, CO-NH-Ci€H,CH, and Ar-CH-CH,), 3.47-3.54 (m, 2H,
CO-NH-CH,CH,CHy), 6.57-6.61 (m, 1H, Ar-H), 6.63 (dd; = 2.6 Hz,J, = 1.7 Hz, Ar-H), 6.72-
6.76 (M, 2H, Ar-H), 7.14-7.23 (m, 4H, Ar-H), 7.2532 (m, 5H, Ar-H), 7.90 (dd], = 1.7 Hz,J,
= 0.7 Hz, 1H, Ar-H), 8.02 (dd}, = 8.6 Hz,J, = 0.8 Hz, 1H, Ar-H), 8.39 (dd} = 8.6 Hz,J, =
2.3 Hz, 1H, Ar-H), 8.70 (dd}, = 2.6 Hz,J, = 0.7 Hz, 1H, Ar-H), 8.75 () = 5.5 Hz, 1H, Ar-
CO-NH), 8.91 (dd)J; = 2.3 Hz,J, = 0.8 Hz, 1H, Ar-H)*C NMR (100 MHz, CDGJ) 5(ppm) =
27.2 (CHCH,CH,), 33.2 (Ar-CHCH,), 38.6 (CO-NH-CHCH,CH,), 49.4 (CO-NH-
CH,CH,CH,), 53.7 (Ar-CHCH,), 108.4 (Ar-C), 111.8 (2xAr-C), 113.1 (Ar-C), 117(Ar-C),
126.3 (Ar-C), 127.6 (Ar-C), 128.6 (2xAr-C), 128.8xAr-C), 129.1 (Ar-C), 129.7 (2xAr-C),
137.5 (Ar-C), 142.9 (Ar-C), 147.2 (Ar-C), 147.5 (&), 153.1 (Ar-C), 164.9 (Ar-CO). MS
(ES+) m/z = 426.2 (MH+). HRMS (ES+) m/z for,dB,7/NsO calculated: 426.2294, found:
426.2288.

4.1.6.8. N-(3-(Ethyl(phenyl)amino)propyl)-6-(1H-pyrazol-1-yl)nicotinamide (7h). In a 10
mL vial compound6a (0.15 g, 0.47 mmol, 1 equiv), KOs (0.19 g, 1.40 mmol, 3 equiv)
BTEAC (0.01 g, 0.05 mmol, 0.1 equiv), and bromoeth&.11 mL, 1.40 mmol, 3 equiv) were
dissolved in AcCN (3 mL). The reaction was carri@gt in microwave reactor under the
following conditions: 100°C, 15 bar for 20 minut&ecause there was still a lot of compound
6a, bromoethane (0.35 mL, 4.67 mmol, 10 equiv) andEBRT (0.01 g, 0.05 mmol, 0.1 equiv)

were added and the reaction was carried out agamdrowave reactor for 20 minutes under the

45



same conditions. After that the reaction mixturesiiiered to remove ¥CQO;, the solvent was
evaporated under reduced pressure and the compam@urified by column chromatography
(EtOAc/hexane: 1/1) as white solid (0.10 g, 60%kltvg point = 105-106°C*H NMR (400
MHz, DMSO-d;) §(ppm) = 1.08 (t,J = 7.0 Hz, 3H, CHCHs), 1.77-1.86 (m, 2H, CO-NH-
CH,CH,CH,), 2.30-2.47(m, 2H, CO-NH-CI€H,CH,), 3.35-3.41 (m, 4H, CKCHs; and CO-NH-
CH,CH,CH,), 6.53-6.58 (m, 2H, Ar-H), 6.63 (dd; = 2.6 Hz,J, = 1.7 Hz, 1H, Ar-H), 6.67 (dd,
J1 = 8.8 Hz,J, = 0.8 Hz, 2H, Ar-H), 7.09-7.16 (m, 2H, Ar-H), 7.90d(J; = 1.7 Hz,J, = 0.7 Hz,
1H, Ar-H), 8.02 (dd); = 8.6 Hz,J, = 0.8 Hz, 1H, Ar-H), 8.40 (ddl, = 8.6 Hz,J, = 2.3 Hz, 1H,
Ar-H), 8.69 (dd,J; = 2.6 Hz,J, = 0.7 Hz, 1H, Ar-H), 8.76 (tJ = 5.4 Hz, 1H, Ar-CO-NH), 8.91
(dd,J; = 2.3 Hz,J, = 0.8 Hz, 1H, Ar-H)*C NMR (100 MHz, CDG) §(ppm) = 11.9 (CHCH,),
27.1 (CHCH,CH;), 38.9 (CO-NH-CHCH,CH;), 45.9 (CHCH,), 48.8 (CO-NH-CHCH,CH,),
108.4 (Ar-C), 111.8 (2xAr-C), 113.5 (Ar-C), 117.2r{C), 127.6 (2xAr-C), 129.6 (2xAr-C),
137.5 (Ar-C), 142.9 (2xAr-C), 147.3 (Ar-C), 153.Ar{C), 164.9 (Ar-CO). MS (ES+) m/z =
350.2 (MH+). HRMS (ES+) m/z for £H23NsO calculated: 350.1981, found: 350.1982.

4.1.6.9. 2-((3-(6-(1H-Pyrazol-1-yl)nicotinamido)propyl)(phenily)amino) acetic acid (7i).
Compounarf (0.18 g, 0.43 mmol, 1 equiv) was dissolved in eth& mL), 3 M NaOHaq)(0.43
mL, 1.29 mmol, 3 equiv) was added, and the mixginged for 2 hours at room temperature.
Ethanol was evaporated under reduced pressure;20fistillated water was added to the
residue and extracted with 10 mL of diethyl etlvew times. pH of the water phase was adjusted
with 2M HCI to 3 to obtain white precipitate. Theepipitate was filtered with vacuum and dried
at room temperature to afford white-gray solid 40d, 84%). Melting point = 127-130°CH

NMR (400 MHz, DMSO-g) 5(ppm) = 1.86 (pJ = 7.2 Hz, 2H, CHCH,CH,), 3.36-6.41 (m, 2H,
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CO-NH-CHCH,CHy), 3.44 (t,J = 7.2 Hz, 2H, CO-NH-CKCH,CH), 4.08 (s, 2H, CHCOOH),
6.60 (m, 3H, Ar-H), 6.63 (dd} = 2.6 Hz,J, = 1.7 Hz, 1H, Ar-H), 7.11-7.17 (m, 2H, Ar-H),
7.90 (ddJ; = 1.7 Hz,J, = 0.7 Hz, 1H, Ar-H), 8.01 (ddl; = 8.6 Hz,J, = 0.8 Hz, 1H, Ar-H), 8.39
(dd,J, = 8.6 Hz,J, = 2.3 Hz, 1H, Ar-H), 8.69 (ddl, = 2.6 Hz,J, = 0.7 Hz, 1H, Ar-H), 8.76 ({J

= 5.5 Hz, 1H, Ar-CO-NH), 8.90 (ddy = 2.3 Hz,J, = 0.8 Hz, 1H, Ar-H), 12.59 (s, 1H, COOH).
¥C NMR (100 MHz, DMSO-g) (ppm) = 27.0 (CHCH,CH;,), 37.2 (CO-NH-CHCH,CH,),
49.0 (CO-NH-CHCH,CH,), 52.1 (CH-COOH) 108.8 (Ar-C), 111.3 (Ar-C), 111.4 (2xAr-C),
115.7 (Ar-C), 127.5 (Ar-C), 128.0 (Ar-C), 129.0 @xC), 138.5 (Ar-C), 142.9 (Ar-C), 147.7
(Ar-C), 147.8 (Ar-C), 152.1 (Ar-C), 164.0 (Ar-CO).72.4 (COOH). MS (ES+) m/z = 378.2
(MH-). HRMS (ES+) m/z for gH21NsO3 calculated: 378.1566, found: 378.1560.

4.1.7. General procedure E. Synthesis of compounds 8, 10 and 12. Compound? (1 equiv)
and TBTU (1.3 equiv) were added into equal mixtoif®MF and DCM, and stirried under the
argon atmosphere at room temperature. After fewutag) NMM (3 equiv) was added, leaving
the reaction for 40 minutes. Different Boc protelcéanines (1-Boc piperazine, 4-Amino-1-Boc-
piperidine and 4N-Boc-amino)piperidine, 1 equiv) were disolved in l@@nd added dropwise.
In the end NMM (1 equiv) was added and the reactan left stirring overnight. The next day
the reaction mixture was evaporated and diluteBtDAc and then extracted three times with
distilled water, three times with saturated NaHgg&and once with saturated Nal The
organic phase was dried over sodium sulphaterddtand the solvent evaporated under reduced
pressure. The compound was taken to the next siqui further characterization. Was
diluted in redistilled DCM. To that trifluoroacetarid (10 equiv) was added and stirred at 40 °C

under the argon atmosphere overnight. DCM was addddextracted with saturated NaH{Q
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three times. Because the substance was still ir@auphase, it was extracted few times with
DCM and EtOAc. Organic phase was then washed vetbrated NaGlg, dried over sodium
sulphate, filtered and evaporated under reducesspre.

4.1.7.1. (6-(1H-Pyrazol-1-yl)pyridin-3-yl)(piperazin-1-yl)methanone (8). Compound8
was prepared according to general proce@uirem 2 (0.50 g, 2.64 mmol) and 1-Boc piperazine
(0.49 g, 2.64 mmol) as white solid (0.49 g, 85%Eltwig point = 122°C*H NMR (400 MHz,
DMSO-a;) d(ppm) = 2.70 (s, 4H, N(CiLHy).NH), 3.34-3.58 (2xs, 5H, N(Gi€H;);NH and
N(CH,CH,):NH)), 6.62 (ddJ, = 2.6 Hz,J, = 1.7 Hz, 1H, Ar-H), 7.88 (dd} = 1.7 Hz,J, = 0.7
Hz, 1H, Ar-H), 7.98 (ddJ; = 8.4 Hz,J, = 0.9, Hz, 1H, Ar-H), 8.03 (ddl; = 8.4 Hz,J, = 2.2 Hz,
1H, Ar-H), 8.51 (ddJ; = 2.2 Hz,J, = 0.9 Hz, 1H, Ar-H), 8.66 (ddl; = 2.6 Hz,J, = 0.7 Hz, 1H,
Ar-H). MS (ES+) m/z = 258.1 (MH+). HRMS (ES+) m/arfCisH:sNsO calculated: 258.1355,
found: 258.1354.

4.1.7.2. N-(Piperidin-4-yl)-6-(1H-pyrazol-1-yl)nicotinamide (10). Compound 10 was
prepared according to general proceddrérom 2 (0.94 g, 4.99 mmol) and 4-amino-1-Boc-
piperidine (1.00 g, 4.99 mmol) as white solid (1¢,693.9%). Melting point = 195-198°CH
NMR (400 MHz, DMSO-g) (ppm) = 1.47 (m, 2H, NHCH(C}H,),NH), 1.72-1.88 (m, 2H,
NHCH(CH,CH,).NH), 2.58 (q,J; = 14.3 Hz,J, = 13.1 Hz, 2H, NHCH(ChCH,),NH), 3.02 (d,
J = 12.3 Hz, 2H, NHCH(CBCH,),NH), 3.15-3.78 (m, 1H, NHCH(C}CH,),NH)*, 3.88 (s, 1H,
NHCH(CH,CH,),NH), 6.62 (ddJ; = 2.6 Hz,J, = 1.7 Hz, 1H, Ar-H), 7.89 (dd}; = 1.7 Hz,J, =
0.7 Hz, 1H, Ar-H), 7.99 (dd}, = 8.6 Hz,J, = 0.8 Hz, 1H, Ar-H), 8.40 (ddl, = 8.6 Hz,J, = 2.4
Hz, 1H, Ar-H), 8.53 (dJ = 7.7 Hz, 1H, Ar-H), 8.68 (dd}, = 2.6 Hz,J, = 0.7 Hz, 1H, Ar-H),

8.89 (dd,J; = 2.4 Hz,J, = 0.8 Hz, 1H, Ar-H). *Signal partially overlaps withat of HO in
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DMSO. MS (ES+) m/z = 272.1 (MH+). HRMS (ES+) m/z f6,4H17NsO calculated: 272.1511,
found: 272.1515.

4.1.7.3. (6-(1H-Pyrazol-1-yl)pyridin-3-yl)(4-aminopiperidin-1-yl)methanone ~ (12).
Compoundl2 was prepared according to general proce#uirem 2 (0.94 g, 4.99 mmol) and 4-
(N-Boc-amino)piperidine (1.00 g, 4.99 mmol) as wisitdid (1.44 g, 100%).

4.1.8. General procedure F. Synthesis of compounds 9a-9e. Compound8 (1 equiv) and
K2,COs (2.5 equiv) were diluted in acetonitrile. To thatrious benzyl halydes (1.2 equiv) were
added and stirred overnight at 55°C, equipped ahtbrcalcium tube. BCO; was removed with
filtration and the compounds were purified by cofuainromatography or recrystallization.

4.1.8.1. (6-(1H-Pyrazol-1-yl)pyridin-3-yl)(4-(3,4-difluor obenzyl ) pi perazin-1-
yl)methanone (9a). Compoundda was prepared according to general proce8iurem 8 (0.25 g,
0.97 mmol) and 3,4-difluorobenzyl bromide (0.15 miL.17 mmol) and it was purified by
recrystallization, using EtOAc and hexane to affardte-silver solid (0.25 g, 67%). Melting
point = 122-124°C'*H NMR (400 MHz, DMSO-¢) §(ppm) = 2.36-2.47 (m , 4H, N(GIBH,),N-
CHy), 3.41 (d,J = 13.3 Hz, 2H, N(CBCH,):N-CHj), 3.52 (s, 2H, N(CBCH,).N-CHy), 3.66 (s,
2H, N-CH-Ar), 6.62 (dd,J; = 2.6 Hz,J, = 1.7 Hz, 1H, Ar-H), 7.16-7.20 (m, 1H, Ar-H), 7.34-
7.43 (m, 2H, Ar-H), 7.88 (ddl, = 1.7 Hz,J, = 0.7 Hz, 1H, Ar-H), 7.97 (ddl, = 8.5 Hz,J, = 0.9
Hz, 1H, Ar-H), 8.03 (ddJ, = 8.5 Hz,J, = 2.3 Hz, 1H, Ar-H), 8.51 (ddl, = 2.3 Hz,J, = 0.9 Hz,
1H, Ar-H), 8.65 (dd,J; = 2.6 Hz,J, = 0.7 Hz, 1H, Ar-H).*C NMR (100 MHz, DMSO-g)
3(ppm) = 60.3 (N(CHCH,),N-CH,), 108.7 (Ar-C), 111.5 (Ar-C), 117.3 (3xAr-C), 125Ar-C),
127.3 (Ar-C), 129.5 (Ar-C), 135.8 (Ar-C), 138.6 (@), 142.8 (Ar-C), 146.9 (Ar-C), 147.3 (Ar-

C), 151.1 (Ar-C), 166.1 (Ar-CO). N(CGI&H,)2N-CH, and N(CHCH,),N-CH; signals were not
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detected. MS (ES+) m/z = 384.2 (MH+). HRMS (ES+)znfér GoH19FNsO calculated:
384.1636, found: 384.1639.

4.1.82. (6-(1H-Pyrazol-1-yl)pyridin-3-yl)(4-(4-chlorobenzyl)piperazin-1-yl )methanone
(9b). Compound®b was prepared according to general proceé&uit®m 8 (0.20 g, 0.78 mmol)
and 4-chlorobenzyl chloride (0.15 g, 0.93 mm@idlumn chromatography (EtOAc/hexane: 2/1)
was used to afford the compould (0.24 g, 81%) as white solid. Melting point = 1B38°C.
'H NMR (400 MHz, DMSO-g) 5(ppm) = 2.31-2.48 (m, 4H, N(G}&H,):N-CH2), 3.42 and 3.64
(2xs, 4H, N(CHCH,):N-CH2), 3.51 (s, 2H, N-CHAr), 6.62 (dd,J; = 2.6 Hz,J, = 1.7 Hz, 1H,
Ar-H), 7.31-7.42 (m, 4H, Ar-H), 7.88 (dd, = 1.7 Hz,J, = 0.7 Hz, 1H, Ar-H), 7.97 (ddl, = 8.5
Hz,J, = 0.9 Hz, 1H, Ar-H), 8.03 (ddl; = 8.5 Hz,J, = 2.2 Hz, 1H, Ar-H), 8.51 (dd]; = 2.2 Hz,
J, = 0.9 Hz, 1H, Ar-H), 8.65 (dd} = 2.6 Hz,J, = 0.7 Hz, 1H, Ar-H).2*C NMR (100 MHz,
DMSO-¢) &(ppm) = 38.8-40.1 (N(CHCH,):N-CH, and N(CHCH,),N-CH,)*, 60.8
(N(CH,CH,),N-CH;), 108.7 (Ar-C), 111.5 (Ar-C), 127.3 (Ar-C), 1282xAr-C), 129.5 (Ar-C),
130.6 (2xAr-C), 131.5 (Ar-C), 136.9 (Ar-C), 138.8r{C), 142.8 (Ar-C), 146.9 (Ar-C), 151.1
(Ar-C), 166.1 (Ar-CO). N(CHCH,)2N-CH, and N(CHCH,),N-CH, signals were not detected.
*Signal partially overlaps with that of DMSO. MS$E) m/z = 382.1 (MH+). HRMS (ES+) m/z
for C,0H20CINsO calculated: 382.1435, found: 382.1428.

4.1.8.3. (6-(1H-Pyrazol-1-yl)pyridin-3-yl)(4-(3,4-dichl orobenzyl ) pi perazin-1-
yl)methanone (9¢). Compoundc was prepared according to general proce&urem 8 (0.20 g,
0.78 mmol) and 3,4-dichlorobenzyl bromide (0.190g93 mmol) Column chromatography
(EtOAc/hexane: 2/1) was used to afford the compdmn(D.24 g, 73%) as white-yellow solid.

Melting point = 129-132°C!H NMR (400 MHz, DMSO-¢) 8(ppm) = 2.32-2.48 (m, 4H,
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N(CH,CH,):N-CHy), 3.43 and 3.65 (2xs, 4H, N(GEH,):N-CHy), 3.53 (s, 2H, N-CHtAr), 6.62
(dd, J, = 2.6 Hz,J, = 1.7 Hz, 1H, Ar-H), 7.33 (dd}, = 8.2 Hz,J, = 2.0 Hz, 1H, Ar-H), 7.57-
7.62 (m, 2H, Ar-H), 7.88 (ddl, = 1.7 Hz,J, = 0.7 Hz, 1H, Ar-H), 7.97 (ddl, = 8.5 Hz,J, = 0.9
Hz, 1H, Ar-H), 8.03 (ddJ, = 8.5 Hz,J, = 2.2 Hz, 1H, Ar-H), 8.51 (ddl, = 2.2 Hz,J, = 0.9 Hz,
1H, Ar-H), 8.65 (dd,J; = 2.6 Hz,J, = 0.7 Hz, 1H, Ar-H).*C NMR (100 MHz, DMSO-g)
S(ppm) = 41.7 and 47.3 (N(GBH,),N-CH,), 52.0 and 52.5 (N(CICH,),N-CH,), 60.1
(N(CH2CH,):N-CH;,), 108.7 (Ar-C), 111.5 (Ar-C), 127.3 (Ar-C), 129(Ar-C), 129.5 (Ar-C),
130.4 (2xAr-C), 130.6 (2xAr-C), 130.9 (Ar-C), 1384r-C), 139.3 (Ar-C), 142.8 (Ar-C), 146.9
(Ar-C), 151.1 (Ar-C), 166.1 (Ar-CO). MS (ES+) m/z 416.1 (MH+). HRMS (ES+) m/z for
C20H19Cl2Ns0 calculated: 416.1045, found: 416.1041.

41.84.  (6-(1H-Pyrazol-1-yl)pyridin-3-yl)(4-benzylpiperazin-1-yl)methanone  (9d).
Compound9d was prepared according to general proceéfuirem 8 (0.12 g, 0.47 mmol) and
Benzyl chloride (0.07 mL, 0.56 mmololumn chromatography (EtOAc/hexane: 2/1) was used
to afford the compoun@d (0.12 g, 73%) as white solid. Melting point = 1080°C.*H NMR
(400 MHz, DMSO-g) 5(ppm) = 2.41 (dJ = 14.6 Hz, 4H, N(CHCH,):N-CH,), 3.42 and 3.65
(2xs, 4H, N(CHCH,);N-CHy), 3.52 (s, 2H, N-CI#Ar), 6.61 (dd,J; = 2.6 Hz,J, = 1.7 Hz, 1H,
Ar-H), 7.23-7.29 (m, 1H, Ar-H), 7.29-7.37 (m, 4Hy-N), 7.87 (dd,J; = 1.7 Hz,J, = 0.7 Hz,
1H, Ar-H) 7.97 (ddJ; = 8.5 Hz,J, = 0.9 Hz, 1H, Ar-H), 8.03 (dd], = 8.5 Hz,J, = 2.2 Hz, 1H,
Ar-H), 8.51 (ddJ; = 2.2 Hz,J, = 0.9 Hz, 1H, Ar-H), 8.65 (dd}, = 2.6 Hz,J, = 0.7 Hz, 1H, Ar-
H). C NMR (100 MHz, DMSO-g) §(ppm) = 41.7 and 47.3 (N(GBH,),N-CH,), 52.1 and
52.1 (N(CHCH,):N-CH,), 61.8 (N(CHCH,),N-CH,), 108.7 (Ar-C), 111.5 (Ar-C), 127.0 (Ar-

C), 127.3 (Ar-C), 128.2 (2xAr-C), 128.9 (2xAr-C)24.5 (Ar-C), 137.8 (Ar-C), 138.6 (Ar-C),
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142.8 (Ar-C), 146.9 (Ar-C), 151.0 (Ar-C), 166.1 (80). MS (ES+) m/z = 348.2 (MH+).
HRMS (ES+) m/z for gH2:NsO calculated: 348.1824, found: 348.1818.

4.1.8.5. (6-(1H-Pyrazol-1-yl)pyridin-3-yl)(4-(4-methoxybenzyl ) pi per azin- 1-yl )methanone
(9e). Compounde was prepared according to general proce@uitem 8 (0.20 g, 0.78 mmol)
and 4-methoxybenzyl chloride (0.27 g, 1.95 mm@iplumn chromatography (EtOAc/hexane:
2/1) was used to afford the compoudel(0.22 g, 76%) as yellow solid. Melting point = 104
105°C.*H NMR (400 MHz, DMSO-g) 5(ppm) = 2.30-2.46 (m, 4H, N(GI&H,):N-CH,), 3.40
and 3.63 (2xs, 4H, N(Gi€H,):N-CH,), 3.44 (s, 2H, N-CHAr), 3.73 (s, 3H, Ar-OCH), 6.61
(dd, J, = 2.6 Hz,J, = 1.7 Hz, 1H, Ar-H), 6.86-6.91 (m, 2H, Ar-H), 7.192% (m, 2H, Ar-H),
7.87 (ddJ; = 1.7 Hz,J, = 0.7 Hz, 1H, Ar-H), 7.97 (ddl; = 8.5 Hz,J, = 0.9 Hz, 1H, Ar-H), 8.02
(dd,J; = 8.5 Hz,J, = 2.2 Hz, 1H, Ar-H), 8.51 (dd]; = 2.2 Hz,J, = 0.9 Hz, 1H, Ar-H), 8.65 (dd,
J1 = 2.6 Hz,J, = 0.7 Hz, 1H, Ar-H).**C NMR (100 MHz, DMSO-g) §(ppm) = 55.0 (OCH),
61.2 (N(CHCH,),N-CH,), 108.7 (Ar-C), 111.5 (Ar-C), 113.6 (Ar-C), 127(&r-C), 129.5
(2xAr-C), 129.5 (Ar-C), 130.1 (3xAr-C), 138.6 (A}Cl142.8 (Ar-C), 146.9 (Ar-C), 151.0 (Ar-
C), 158.3 (Ar-C), 166.1 (Ar-CO). N(Ci€H,),N-CH, and N(CHCH,),N-CH, signals were not
detected. MS (ES+) m/z = 378.2 (MH+). HRMS (ES+)znibor G1H23NsO, calculated:
378.1930, found: 378.1926.

4.1.9. General procedure G. Synthesis of compounds 11a-11d. Compound10 (0.20 g,
0.74 mmol, 1 equiv) and KO; (0.26 g, 1.84 mmol, 2.5 equiv) were diluted intaoérile (15
mL). To that various benzyl bromides/chlorides @0rBmol, 1.2 equiv) were added and stirred
overnight at 55 °C, equipped with chlorcalcium tuNext day, after evaporating the solvent, 70

mL of DCM was added and extracted with 3 x 20 mldstillated water. Organic phase was
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dried over sodium sulphate, filtered and evaporateder reduced pressure. The compounds
were purified by recrystallization, using ethanol.

4.1.9.1. N-(1-(4-Chlorobenzyl)piperidin-4-yl)-6-(1H-pyrazol-1-yl)nicotinamide (11a).
Compoundlla was prepared according to general procedbirfom 10 and 4-chlorobenzyl
chlorideas white solid (0.27 g, 92%). Melting point = 23891C.*H NMR (400 MHz, DMSO-
de) 5(ppm) = 1.53-1.63 (M, 2H, NHCH(GBH,):N), 1.79-1.84 (m, 2H, NHCH(C}CH,):N),
2.01-2.08 (M, 2H, NHCH(C}CH,)2N), 2.75-2.86 (m, 2H, NHCH(CIH,):N), 3.47 (s, 2H, Ar-
CH,-N), 3.77-3.81 (m, 1H, NHCH(CICH,):N), 6.62 (ddJ; = 2.6 Hz,J, = 1.6 Hz, 1H, Ar-H),
7.30-7.42 (m, 4H, Ar-H), 7.89 (d,= 1.6 Hz, 1H, Ar-H), 7.99 (dd], = 8.6 Hz,J, = 0.8 Hz, 1H,
Ar-H), 8.39 (ddJ; = 8.6 Hz,J, = 2.4 Hz, 1H, Ar-H), 8.49 (d] = 7.6 Hz, 1H, Ar-CO-NH), 8.66-
8.70 (m, 1H, Ar-H), 8.88 (ddl, = 2.4 Hz,J, = 0.8 Hz, 1H, Ar-H)*C NMR (100 MHz, DMSO-
ds) o(ppm) = 31.4 (NHCH(CKCH,);N), 47.0 (NHCH(CHCH,),N), 52.1 (NHCH(CHCH,)2N),
61.1 (Ar-CH), 108.8 (Ar-C), 111.2 (Ar-C), 127.5 (Ar-C), 128@r-C), 128.1 (2xAr-C), 130.4
(2xAr-C), 131.3 (Ar-C), 137.7 (Ar-C), 138.6 (Ar-C}42.9 (Ar-C), 147.8 (Ar-C), 152.0 (Ar-C),
163.3 (Ar-CO). MS (ES+) m/z = 396.2 (MH+). HRMS B9n/z for G3H22CINsO calculated:
396.1591, found: 396.1602.

4.1.9.2. N-(1-(3,4-Dichlorobenzyl)piperidin-4-yl)-6-(1H-pyrazol-1-yl)nicotinamide (11b).
Compoundllb was prepared according to general proce@feom 10 and 3,4-dichlorobenzyl
bromide as white solid (0.19 g, 59%). Melting poin245-247°C*H NMR (400 MHz, DMSO-
de) 5(ppm) = 1.55-1.64 (m, 2H, NHCH(GBH,):N), 1.77-1.87 (m,2 H, NHCH(C}CH,):N),
2.04-2.11 (m, 2H, NHCH(CECH,).N), 2.81 (d,J = 11.4 Hz, 2H, NHCH(CBCH,):N) 3.49 (s,

2H, Ar-CHy-N), 3.78-3.82 (m, 1H, NHCH(CIH,):N), 6.62 (ddJ; = 2.7 Hz,J, = 1.7 Hz, 1H,
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Ar-H), 7.32 (dd,J; = 8.2 Hz,J, = 2.0 Hz, 4H, Ar-H), 7.54-7.63 (m, 2H, Ar-H), 7.88,0 = 1.7
Hz, 1H, Ar-H), 8.00 (dJ = 8.6 Hz, 1H, Ar-H), 8.39 (dd}, = 8.6 Hz,J, = 2.3 Hz, 1H, Ar-H),
8.49 (d,J = 7.6 Hz, 1H, Ar-CO-NH), 8.68 (dl = 2.7 Hz, 1H, Ar-H), 8.88 (d] = 2.3 Hz, 1H, Ar-
H). ®C NMR (100 MHz, DMSO-g§ &(ppm) = 31.4 (NHCH(CHCH,).N), 46.8
(NHCH(CH,CH,)2N), 52.0 (NHCH(CHCH,).N), 60.4 (Ar-CH), 103.6 (Ar-C), 108.8 (Ar-C),
111.2 (Ar-C), 127.5 (Ar-C), 128.0 (Ar-C), 128.9 (&), 129.2 (Ar-C), 130.3 (Ar-C), 130.8 (Ar-
C) 138.6 (Ar-C), 140.2 (Ar-C), 142.9 (Ar-C), 147(8r-C), 152.0 (Ar-C), 163.3 (Ar-CO). MS
(ES+) m/z = 430.1 (MH+). HRMS (ES+) m/z for#,1C,NsO calculated: 430.1201, found:
430.1209.

4.1.9.3. N-(1-Benzylpiperidin-4-yl)-6-(1H-pyrazol-1-yl)nicotinamide (11c). Compound
11c was prepared according to general proce@feom 10 and benzyl chloride as white solid
(0.16 g, 60%). Melting point = 218-222°84 NMR (400 MHz, DMSO-g) 5(ppm) = 1.57-1.64
(m, 2H, NHCH(CHCH,),N), 1.80-1.83 (m, 2H, NHCH(C}CH,),N), 1.99-2.09 (m, 2H,
NHCH(CH,CH,):N), 2.84 (d,J = 11.6 Hz, 2H, NHCH(CKCH,):N), 3.48 (s, 2H, Ar-CkN),
3.75-3.85 (M, 1H, NHCH(CKCH,):N), 6.63 (ddJ; = 2.7 Hz,J, = 1.7 Hz, 1H, Ar-H), 7.23-7.28
(m, 1H, Ar-H), 7.29-7.37 (m, 4H, Ar-H), 7.89 (da,= 1.7 Hz,J, = 0.8 Hz, 1H, Ar-H), 8.00 (dd,
Ji = 8.6 Hz,J, = 0.8 Hz, 1H, Ar-H), 8.39 (dd}, = 8.6 Hz,J, = 2.4 Hz, 1H, Ar-H), 8.50 (d] =
7.6 Hz, 1H, Ar-CO-NH), 8.68 (ddl, = 2.7 Hz,J, = 0.8 Hz, 1H, Ar-H), 8.88 (dd], = 2.4 Hz,J,
= 0.8 Hz, 1H, Ar-H).2*C NMR (100 MHz, DMSO-g) §(ppm) = 31.5 (NHCH(ChCH,):N),
47.0 (NHCH(CHCH,),N), 52.1 (NHCH(CHCH,):N), 62.1 (Ar-CH), 108.8 (Ar-C), 111.2 (Ar-

C), 126.8 (Ar-C), 127.5 (Ar-C), 128.0 (Ar-C), 128axAr-C), 128.7 (2xAr-C), 138.6 (Ar-C),
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138.6 (Ar-C), 142.9 (Ar-C), 147.8 (Ar-C), 152.0 ¢®), 163.3 (Ar-CO). MS (ES+) m/z = 362.2
(MH+). HRMS (ES+) m/z for @H23NsO calculated: 362.1981, found: 362.1986.

4.1.9.4. N-(1-(4-Methoxybenzyl)piperidin-4-yl)-6-(1H-pyrazol-1-yl)nicotinamide (11d).
Compoundlld was prepared according to general proce@ufeom 10 and 4-methoxybenzyl
chloride as white-silver solid (0.16 g, 55%). Meiipoint = 207-211°C'H NMR (400 MHz,
DMSO-d) §(ppm) = 1.42-2.20 (m, 6H, NHCH(GBH,):N and NHCH(CHCH,).N), 2.93 (d,J
= 84.5 Hz, 2H, NHCH(ChCH,):N), 3.77 (s, 5H, Ar-Ck#N and Ar-OCH), 4.20 (m, 1H,
NHCH(CH,CH,).N), 6.63 (dd,J, = 2.7 Hz,J, = 1.6 Hz, 1H, Ar-H), 6.81-7.60 (m, 4H, Ar-H),
7.29-7.37 (m, 4H, Ar-H), 7.89 (d,= 1.6 Hz, 1H, Ar-H), 8.00 (dJ = 8.6 Hz, 1H, Ar-H), 8.35-
8.44 (m, 1H, Ar-CO-NH), 8.68 (d] = 2.7 Hz, 1H, Ar-H), 8.90 (s, 1H, Ar-H}3C NMR (100
MHz, DMSO-d) 5(ppm) = 55.1 (OCh), 108.8 (Ar-C), 111.2 (Ar-C), 113.9 (3xAr-C), 187.
(4xAr-C), 138.7 (Ar-C), 142.9 (Ar-C), 147.9 (Ar-C)}152.1 (Ar-C). NHCH(CHCH,):N,
NHCH(CH,CH,)2N, NHCH(CHCH,).N, Ar-CH,, Ar-C and Ar-CO signals were not detected.
MS (ES+) m/z = 392.2 (MH+). HRMS (ES+) m/z fopH2sNs0, calculated: 392.2087, found:
392.2082.

4.1.9.5. N-(1-(3,4-Difluorobenzyl)piperidin-4-yl)-6-(1H-pyrazol-1-yl)nicotinamide (11€).
Compound10 (0.20 g, 0.74 mmol, 1 equiv) was dissolved in 10 of anhydrous methanol,
where acetic acig 99 % (0.04 mL, 0.74 mmol, 1 equiv) was added. Affe minutes of stirring
at room temperature under argon atmosphere, NaCNBH® g, 1.55 mmol, 2.1 equiv) was
dissolved in 5 mL of methanol and added dropwidterALO minutes 3,4-difluorobenzaldehide
(0.08 mL, 0.74 mmol, 1 equiv) was added and theti@awas left stirring overnight. 20 mL of

DCM and 10 mL of saturated NaHG@q) was added in the reaction mixture, and theptie
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water phase was adjusted to 11 with 4M NaOH. Waltese was than extracted with 2 x 10 mL
of DCM, combined organic phases were dried oveiusodsulphate, filtered and evaporated
under reduced pressure. The crude product was iguuriby column chromatography
(EtOAc/hexane: 2/1) as white-silver solid (0.103§%). Melting point = 225-229°CH NMR
(400 MHz, DMSO-¢) §(ppm) = 1.54-1.64 (m, 2H, NHCH(GBH,):N), 1.80-1.84 (m, 2H,
NHCH(CH,CH,).N), 2.03-2.09 (m, 2H, NHCH(CICH,).N), 2.79-2.84 (m, 2H,
NHCH(CH,CH,)2N), 3.47 (s, 2H, Ar-CkN), 3.76-3.83 (m, 1H, NHCH(CICH,):N), 6.62 (dd,
Ji = 2.6 Hz,J, = 1.7 Hz, 1H, Ar-H), 7.14-7.18 (m, 1H, Ar-H), 7.3143 (m, 2H, Ar-H), 7.89
(dd,J, = 1.7 Hz,J, = 0.7 Hz, 1H, Ar-H), 8.00 (ddJ; = 8.7 Hz,J, = 0.8 Hz, 1H, Ar-H), 8.39 (dd,
J; = 8.7 Hz,J, = 2.3 Hz, 1H, Ar-H), 8.50 (dJ = 7.6 Hz, 1H, Ar-CO-NH), 8.68 (dd; = 2.6 Hz,
J, = 0.7 Hz, 1H, Ar-H), 8.88 (dd}; = 2.3 Hz,J, = 0.8 Hz, 1H, Ar-H).2*C NMR (100 MHz,
DMSO-a) §(ppm) = 31.4 (NHCH(ChCH.).N), 46.9 (NHCH(CHCH,):N), 52.0
(NHCH(CH,CH,):N), 60.6 (Ar-CH), 108.8 (Ar-C), 111.2 (Ar-C), 117.1 (3xAr-C), 157(Ar-
C), 128.0 (Ar-C), 137.6 (3xAr-C), 142.9 (2xAr-CY 78 (Ar-C), 152.0 (Ar-C), 163.3 (Ar-CO).
MS (ES+) m/z = 398.2 (MH+). HRMS (ES+) m/z fog:8,:1F:NsO calculated: 398.1792, found:
398.1782.

4.1.9.6. (6-(1H-Pyrazol-1-yl)pyridin-3-yl)(4-(benzylamino)pi peridin-1-yl )methanone
(13a). Compound13a (0.70 g, 2.58 mmol, 1 equiv), was dissolved inMBb of anhydrous
methanol, acetic acid(©Q9 %, 0.15 mL, 2.58 mmol, 1 equiv) was added éosthlution, and after
30 minutes of stirring at room temperature underargon atmosphere, NaCNBK.34 g, 5.42
mmol, 2.1 equiv) dissolved in 5 mL of MeOH was adidégropwise. After 10 minutes

benzaldehyde (0.26 mL, 2.58 mmol, 1 equiv) was ddaed the reaction was left stirring
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overnight. Into the reaction mixture 70 mL of DCMda30 mL of saturated NaHG®@aq) was
added, and pH of the water phase was adjusted withl4 M NaOH. Organic phase was than
extracted with 2x 20 mL of DCM, dried over sodiuniphate, filtered and evaporated under
reduced pressure. The compound was cleaned by woblnmomatography (EtOAc/methanol:
9/1) to afford white solid (0.53 g, 57%). Meltingipt = 100-101°C.*H NMR (400 MHz,
DMSO-d) 8(ppm) = 1.21-1.39 (m, 2H, N(GIEH,),CH), 1.74-1.90 (m, 2H, N(C}H,),CH),
2.16 (s, 1H, NH), 2.65-2.71 (m, 1H, N(@EH,),CH), 3.03-3.12 (m, 2H, N(C}CH,).CH), 3.60
(s, 1H, N(CHCH,):CH) , 3.74 (s, 2H, NH-CHAr), 4.24 (s, 1H, N(CBHCH,)-.CH), 6.62 (dd )
= 2.6 Hz,J, = 1.6 Hz, 1H, Ar-H), 7.18-7.24 (m, 1H, Ar-H), 7.2737 (m, 4H, Ar-H), 7.88 (dd,
J;=1.6 Hz,J, = 0.8 Hz, 1H, Ar-H), 7.97 (ddl; = 8.4 Hz,J, = 0.9 Hz, 1H, Ar-H), 8.02 (dd]; =
8.4 Hz,J, = 2.2 Hz, 1H, Ar-H), 8.50 (dd}; = 2.2 Hz,J, = 0.9 Hz, Ar-H), 8.65 (dd); = 2.6 Hz,
J, = 0.8 Hz, 1H, Ar-H).®*C NMR (100 MHz, DMSO-g &(ppm) = 31.5 and 32.2
(N(CH,CH,),CH), 45.8 (N(CHCH,),CH), 49.7 (Ar-CH), 52.9 (N(CHCH,),CH), 108.6 (Ar-C),
111.5 (Ar-C), 126.4 (Ar-C), 127.3 (Ar-C), 127.8 @C), 128.0 (2xAr-C), 130.0 (Ar-C), 138.3
(Ar-C), 141.2 (Ar-C), 142.7 (Ar-C), 146.6 (Ar-C)51.0 (Ar-C), 166.0 (Ar-CO). MS (ES+) m/z
= 362.2 (MH+). HRMS (ES+) m/z for&H»3NsO calculated: 362.1981, found: 362.1986.
4.1.10.General procedure H. Synthesis of compounds 13b-13e. Compoundl3a, K,COs
(4 equiv), BTEAC (0.1 equiv) and Kl (0.1 equiv) wediluted in acetonitrile (15 mL). To that
various benzyl derivatives (2 equiv) were added siimied overnight at 80 °C, equipped with
chlorcalcium tube. The ¥CO; was removed by filtration, the solvent was evapataunder

reduced pressure and the compounds were cleansaygn chromatography.
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4.1.10.1. (6-(1H-Pyrazol-1-yl)pyridin-3-yl)(4-(benzyl (4-chlorobenzyl)amino)piperidin-1-
yl) methanone (13b). Compoundl3b was prepared according to general proceétufeom 13a
(0.11 g, 0.29 mmol) and 4-chlorobenzyl chlorided@@g, 0.35 mmol)Column chromatography
(EtOAc/hexane: 1/1) was used to afford the compdiBid(0.09 g, 65%) as white-yellow solid.
Melting point = 111-114°C!H NMR (400 MHz, DMSO-¢) &(ppm) = 1.65-1.98 (m, 4H,
N(CH.CH,).CH), 2.63-2.77 (m, 2H, N(CIH,).CH), 2.99 (s, 1H, N(CkCH,).,CH), 3.63 (s,
5H, 2xAr-CH-N and N(CHCH,),CH), 4.56 (s, 1H, N(CECH,),CH), 6.62 (ddJ; = 2.6 Hz,J,
= 1.6 Hz, 1H, Ar-H), 7.19-7.24 (m, 1H, Ar-H), 7.284D (m, 9H, Ar-H), 7.87 (dd}; = 1.8 Hz,
J, = 0.7 Hz, 1H, Ar-H), 7.96 (ddl; = 8.5 Hz,J, = 0.8 Hz, 1H, Ar-H), 8.04 (ddl = 8.5 Hz,J, =
2.2 Hz, 1H, Ar-H), 8.53 (dd]; = 2.2 Hz,J, = 0.9 Hz, 1H, Ar-H), 8.65 (dd]; = 2.6 Hz,J, = 0.7
Hz, 1H, Ar-H).*C NMR (100 MHz, DMSO-g) 3(ppm) = 52.5 (Ar-CH), 53.3 (Ar-CH), 56.2
(N(CH,CH,),CH), 108.6 (Ar-C), 111.4 (Ar-C), 126.7 (Ar-C), 137(Ar-C), 128.1 (2xAr-C),
128.1 (2xAr-C), 128.2 (2xAr-C), 129.4 (2xAr-C), 180(Ar-C), 131.0 (Ar-C), 138.3 (Ar-C),
139.6 (Ar-C), 140.3 (Ar-C), 142.7 (Ar-C), 146.7 (&), 151.0 (Ar-C), 165.9 (Ar-CO).
N(CH,CH,).CH and N(CHCH,),CH signals were not detected. MS (ES+) m/z = 48BlA+).
HRMS (ES+) m/z for ggH2sCINsO calculated: 486.2061, found: 486.2053.

4.1.10.2. (6-(1H-Pyrazol-1-yl)pyridin-3-yl)(4-(benzyl (3,4-
dichlorobenzyl)amino)piperidin-1-yl)methanone (13c). Compound13c was prepared according
to general procedurd from 13a (0.15 g, 0.42 mmol) and 3,4-dichlorobenzyl brom{@e0 g,
0.83 mmol) Column chromatography (EtOAc/hexane: 1/1) was usedfford the compound
13c (0.18 g, 81%) as white solid. Melting point = 486. 'H NMR (400 MHz, DMSO-g)

d(ppm) = 1.64-1.92 (m, 4H, N(GEHy).CH), 2.58-2.79 (m, 2H, N(Ci€H,).CH and
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N(CH,CH,)>CH), 3.01 (s, 1H, N(CECH,).CH), 3.65 (s, 5H, 2xAr-CKHN and N(CHCH,),CH),
4.54 (s, 1H, N(CHCH,),CH), 6.62 (ddJ; = 2.6 Hz,J, = 1.7 Hz, 1H, Ar-H), 7.19-7.25 (m, 1H,
Ar-H), 7.28-7.38 (m, 5H, Ar-H), 7.54-7.58 (m, 1Hy-N), 7.88 (dd,J; = 1.7 Hz,J, = 0.8 Hz,
1H, Ar-H), 7.97 (dd)); = 8.4 Hz,J, = 0.8 Hz, 1H, Ar-H), 8.05 (ddl, = 8.4 Hz,J, = 2.2 Hz, 1H,
Ar-H), 8.53 (dd,J; = 2.2 Hz,J, = 0.8 Hz, 1H, Ar-H), 8.65 (dd}, = 2.6 Hz,J, = 0.8 Hz, 1H, Ar-
H). C NMR (100 MHz, DMSO-g §(ppm) = 52.1 (Ar-CH), 53.6 (Ar-CH), 56.6
(N(CH2CH,),CH), 108.6 (Ar-C), 111.4 (Ar-C), 126.8 (Ar-C), 137(Ar-C), 128.1 (2xAr-C),
128.2 (2xAr-C), 128.2 (Ar-C), 128.9 (Ar-C), 129.8r{C), 130.0 (Ar-C), 130.3 (Ar-C), 130.7
(Ar-C), 138.3 (Ar-C), 140.1 (Ar-C), 142.2 (Ar-C)42.7 (Ar-C), 146.7 (Ar-C), 151.0 (Ar-C),
165.9 (Ar-CO). N(CHCH,).CH and N(CHCH,),CH signals were not detected. MS (ES+) m/z =
520.2 (MH+). HRMS (ES+) m/z for £gH»7CI;NsO calculated: 520.1671, found: 520.1676.
4.1.10.3. (6-(1H-Pyrazol-1-yl)pyridin-3-yl)(4-(benzyl (3,4-
difluorobenzyl)amino)piperidin-1-yl)methanone (13d). Compound13d was prepared according
to general procedutd from 13a (0.13 g, 0.36 mmol) and 3,4-difluorobenzyl brom{@ed9 mL,
0.72 mmol) Column chromatography (EtOAc/hexane: 1/1) was usedfford the compound
13d (0.15 g, 84%) as yellow oitH NMR (400 MHz, DMSO-g) §(ppm) = 1.50-2.00 (m, 4H,
N(CH,CH,),CH), 2.57-2.77 (m, 2H, N(C}CH,),CH), 3.00 (s, 1H, N(CbCH,).CH) 3.63 (dJ =
3.7 Hz, 5H, 2xAr-CHN and N(CHCH,),CH), 4.57 (s, 1H, N(CCH,),CH), 6.62 (dd,J; = 2.6
Hz, J, = 1.7 Hz, 1H, Ar-H), 7.17-7.23 (m, 2H, Ar-H), 7.2741 (m, 6H, Ar-H), 7.88 (dJ = 1.6
Hz, 1H, Ar-H), 7.94-8.00 (m, 1H, Ar-H), 8.04 (ddi,= 8.4 Hz,J, = 2.2 Hz, 1H, Ar-H), 8.53 (dd,
Ji = 2.2 Hz,J, = 0.8 Hz, 1H, Ar-H), 8.65 (dJ = 2.6 Hz, 1H, Ar-H).3C NMR (100 MHz,

DMSO-t) 5(ppm) = 52.2 (Ar-CH), 53.4 (Ar-CH), 56.4 (N(CHCH,).CH), 99.5 (Ar-C), 108.6

59



(Ar-C), 111.4 (Ar-C), 116.6 (Ar-C), 117.0 (Ar-C)24.4 (Ar-C), 126.7 (Ar-C), 127.3 (Ar-C),
128.1 (2xAr-C), 128.2 (2xAr-C), 130.0 (Ar-C), 13§4r-C), 140.2 (Ar-C), 142.7 (Ar-C), 146.7
(Ar-C), 151.0 (Ar-C), 165.9 (Ar-CO). N(C¥H,).CH, N(CHCH,),CH and two Ar-C signals
were not detected. MS (ES+) m/z = 488.2 (MH+). HRNES+) m/z for GgH.7F:NsO
calculated: 488.2262, found: 488.2267.

4.1.10.4. (6-(1H-Pyrazol-1-yl)pyridin-3-yl)(4-(benzyl (4-methoxybenzyl)amino)piperidin-
1-yl)methanone (13e). Compoundl3e was prepared according to general proceétlifeom 13a
(0.15 g, 0.42 mmol) and 3,4-methoxybenzyl chlori(@11 mL, 0.83 mmol) Column
chromatography (EtOAc/hexane: 1/1) was used tordffoe compound3e (0.17 g, 83%) as
orange oil.'H NMR (400 MHz, DMSO-g) 3(ppm) = 1.53-1.95 (m, 4H, N(GEH,).CH), 2.55-
2.76 (M, 2H, N(CHCH,),CH), 2.97 (s, 1H, N(CECH,),CH), 3.58 (d,J = 25.2 Hz, 5H, 2xAr-
CH,-N and N(CHCH,),CH), 3.72 (s, 3H, Ar-OCH), 4.56 (s, 1H, N(ChCH,).CH), 6.61 (dd,);
= 2.6 Hz,J, = 1.7 Hz, 1H, Ar-H), 6.84-6.90 (m, 2H, Ar-H), 7.1738 (m, 7H, Ar-H), 7.87 (dd,
J;=1.7 Hz,J, = 0.8 Hz, 1H, Ar-H), 7.96 (ddl; = 8.4 Hz,J, = 0.9 Hz, 1H, Ar-H), 8.04 (dd); =
8.4 Hz,J, = 2.2 Hz, 1H, Ar-H), 8.52 (dd); = 2.2 Hz,J, = 0.9 Hz, 1H, Ar-H), 8.65 (dd}, = 2.6
Hz, J, = 0.8 Hz, 1H, Ar-H)*C NMR (100 MHz, DMSO-g¢) 5(ppm) = 52.5 (Ar-CH), 53.0 (Ar-
CH,), 54.9 (OCH), 55.9 (N(CHCH,),CH), 108.6 (Ar-C), 111.4 (Ar-C), 113.6 (2xAr-C), a8
(Ar-C), 127.3 (Ar-C), 128.0 (2xAr-C), 128.1 (2xAr}C129.2 (2xAr-C), 130.0 (Ar-C), 132.1
(Ar-C), 138.3 (Ar-C), 140.6 (Ar-C), 142.7 (Ar-C)46.7 (Ar-C), 151.0 (Ar-C), 158.0 (Ar-C),
165.9 (Ar-CO). N(CHCH,),CH and N(CHCH,),CH signals were not detected. MS (ES+) m/z =

482.2 (MH+). HRMS (ES+) m/z for gH3:Ns0, calculated: 482.2556, found: 482.2553.
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4.1.10.5. (6-(1H-Pyrazol-1-yl)pyridin-3-yl)(4-(dibenzylamino)piperidin-1-yl)methanone
(13f). Compound12 (0.99 g, 3.65 mmol, 1 equiv), KOz (3.03 g, 0.37 mmol, 0.1 equiv),
BTEAC (0.08 g, 0.37 mmol, 0.1 equiv) and KI (0.06 @37 mmol, 0.1 equiv) were
dissolved/dispersed in acetonitrile (15 mL). Totthanzyl chloride was added and stirred
overnight at 55 °C under argon atmosphere. TheQOs was removed by filtration, the solvent
was evaporated under reduced pressure and the oachpwas purified by column
chromatography (EtOAc/hexane: 2/1) to afford commbas brown oil (1.46 g, 89%H NMR
(400 MHz, DMSO-g) 5(ppm) = 1.65-2.00 (m, 4H, N(GEH,).CH), 2.61-2.75 (m, 2H,
N(CH,CH,),CH), 2.98 (s, 1H, N(CECH,)CH), 3.64 (s, 5H, 2xAr-CHN and N(CHCH,),CH),
4.58 (s, 1H, N(CHCH,),CH), 6.62 (dd,J; = 2.6 Hz,J, = 1.7 Hz, 1H, Ar-H), 7.17-7.26 (m, 2H,
Ar-H), 7.28-7.43 (m, 8H, Ar-H), 7.88 (dd; = 1.7 Hz,J, = 0.7 Hz, 1H, Ar-H), 7.97 (ddl, = 8.4
Hz,J, = 0.8 Hz, 1H, Ar-H), 8.05 (ddl; = 8.4 Hz,J, = 2.2 Hz, 1H, Ar-H), 8.53 (dd]; = 2.2 Hz,
J, = 0.8 Hz, 1H, Ar-H), 8.65 (dd} = 2.6 Hz,J, = 0.7 Hz, 1H, Ar-H).®*C NMR (100 MHz,
DMSO-d&) §(ppm) = 53.2 (2xAr-Ch), 56.1 (N(CHCH,),CH), 108.6 (Ar-C), 111.4 (Ar-C),
126.6 (2xAr-C), 127.3 (Ar-C), 128.0 (4xAr-C), 12§4xAr-C), 130.0 (Ar-C), 138.3 (2xAr-C),
140.5 (Ar-C), 142.7 (Ar-C), 146.7 (Ar-C), 151.0 (&), 158.0 (Ar-C), 165.9 (Ar-CO).
N(CH.CH,).CH and N(CHCH,).CH signals were not detected. MS (ES+) m/z = 4%&R1B+).
HRMS (ES+) m/z for gH2gNsO calculated: 452.2450, found: 452.2443.
4.2. Biological characterization. Cell culture and transfection

The human embryonic kidney (HEK) 293T cells werdtwred in a petri dish in
Dulbecco's Modified Eagle Medium/Nutrient Mixture -12 (DMEM/F-12) medium

supplemented with 10% fetal bovine serum (FBS), & mglutamine and 1% penicillin-
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streptomycin and incubated at 37 °C in a humid aphere with 5% C& The cells for cCAMP
accumulation assay were cultured in 10 cm peth disd transfected with 29 of the wild type
CXCR4/CXCR3 and 2ig of biosensor, after they reached 50-70% of thgimmam occupancy
of the petri dish. Cells fg8-arrestin 2 assay were transfected wiglg df ProLink (PK1) tagged
wild-type CXCR3 at the same occupancy in 4 cm pigh. Transfection was performed using
TransIT-293 transfection reagent from Mirus (pusgthfrom MoBiTec, Goéttingen, Germany)
according manufacturers’ instructions. A day aftemsfection, the cell were seeded in a
microtiter plate as described below.
4.3. B-Arrestin 2 recruitment assay

The PathHunter assay from DiscoverX (DiscoverX,nidirgham, U.K.) was used to
measurei-arrestin recruitment according to the manufactangrotocol. HEK293T cells stably
expressing-arrestin 2/incomplet@-gal enzyme chimera were transfected with the CXCR3
PK1 receptor, where PK1 is annotating the secoriddiahe B-gal enzyme. 24 hours after
transfection, the cells were seeded in the 384-plate at the density of 10.000 cells per well
and in the volume of 2@L. After incubation overnight at 37 °C and 5% £®&GCg of
chemokine CXCL11 and various concentrations of teshpounds, dissolved in phosphate
buffered saline (PBS) containing 0.2% bovine sedlipumin (BSA), were added and the cells
incubated for additional 4 hours. Afterwards thdedgon mix was added and the plate
incubated for additional 60 minutes at room temfpeea The activation or inhibition of the
arrestin 2 recruitment was determined by measutitgg chemiluminescence using BMG
Clariostar (BMG LabTech, Ortenberg, Germany).

4.3.1. Statistics
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In vitro CXCR3 B-arestin assay was performed in three independgmrienents, with
average values expressed as means of triplicat&sE#M. (the data was analyzed using
descriptive statistics). Statistical significancasvdetermined by Student t-test (two-tailed;
unpaired). Differences were considered signifidan(p<0.05. Analyses were performed using
Microsoft Excel 2013 for Windows.

4.4. BRET based CAM P assay

HEK293T cells were transfected with wild type CXCR4 CXCR3 receptor and
biosensor CAMYEL (purchased at ATCC). 24 hoursraftensfection, the cells were seeded in
the 96-well plate at the density of 20.000 cells well and in the volume of 100L. After
incubation overnight at 37 °C and 5% £@e medium was replaced with 80 of Dulbecco's
phosphate-buffered saline (dPBS) and incubated. foour. After substrate 10L of 25 uM
Coelenterazin h (Promega, Mannheim, Germany) wesdtb a final concentration BV and
incubated for additional 5 minutes. Concomitant@sé&of chemokines CXCL12/CXCL11 and
various concentrations of test compounds, dissolwed®BS containing 0.2% BSA and
forskoline (final concentration 40M), were added and incubated for 20 minutes. Thissan
from Renilla luciferase (RL) and YFP were simultangly measured at 475-30 nm/535-30 nm
with BMG Clariostar. The netBRET signal calculatesithe ratio between the light emitted by
YFP (505 to 555 nm) and the light emitted by RL465 to 505 nm). Three experiments were
performed per compound, with each concentratidriplicate.

4.5. Calculation of inhibitory constants
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The data obtained from functional assays were zedhhvith ternary complex model of
allosterisem to characterise allosteric profilenofel ligands by fitting them to the following
equations using Prism 5.0 (GraphPad Software, $agoDCA, USA):

Ka (1+ o))

Kaps=
a+ %2

Yo (1+Ka)
~ ([c]+ Kapp

Kapp describes the occupancy of the orthosteric sitg;iKthe EGy value of CXCL11 or
CXCL12. Y, is the basal value of luminescence in the absehceodulator, Y is the value of
luminescence, [c] is the concentration gg@f CXCL11/CXCL12 used, [B] is the concentration
of test compounds, &is the equilibrium dissociation constant of modotdinding andx is the
ternary complex constant, cooperativity factor. Raevalue for CXCL11 was set to 0.9 nM, the
concentration of CXCL11 was set to 5 nM and compisumvere tested on CXCR3 in
concentrations I&- 10° M. The K, value for CXCL12 was set to 3 nM, concentratiortha
CXCL12 was set to 20 nM and compounds were tesig@XCR4 in concentrations Ta10° M.
4.6. Functional antagonism studies.
4.6.1. Cell isolation and culture

Buffy coats from venous blood of normal healthyurdkers were obtained by the Blood
Transfusion Centre of Slovenia, according to insithal guidelines. PBMCs were isolated
using Lympholyte®-H (Cedarlane laboratories, OmtafCanada). After isolation, the PBMCs
were washed 3 times at 300g for 10 minutes to rembg majority of platelets. When needed,
whole CD4+ T cells were isolated from PBMCs via immomagnetic selection using CD4

microbeads (Miltenyi Biotec, Bergisch Gladbach, i@any). The purity of CD4+ cells was
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always > 95% as determined by flow cytometry. Alll€ were cultured using 1640 Roswell Park
Memorial Institute (RPMI) medium substituted with% FBS (complete medium).
4.6.2. Solubility and cytotoxicity studies

All aliquots of tested compounds were prepared $Ptrade DMSO (CryoSure-DMSO,
WAK-Chemie Medical GmbH, Germany). Since we did want to use more than 1% DMSO in
cell culture medium, we first tested the maximurtubility of compounds in relation to their
DMSO aliquot concentrations. Briefly, in the begmmnthe compounds were prepared at 50 mM
DMSO aliquots and their maximum solubility in celllture media was tested (max 10% DMSO
or 1pL / ImL cell medium). The solubility was det@ned in detail by inverted light microscopy
(Nikon Eclipse Ti-S, Tokyo, Japan). In case of Inbdity, the respective compound’s aliquot
was diluted further by factor of 2 until solubilityas satisfactory. After the maximum solubility
was determined for each compound, cytotoxicity akimum concentrations (1% DMSO in cell
culture medium) was tested. For this purpose, PBMEre incubated in cell culture medium
with the compounds for 6 hours. Afterwards, thelsceVere washed and stained with 7-
aminoactinomycin D (7-AAD). The percentage of deatls was analyzed by flow cytometry
(FACSCalibur, Beckton Dickinson, San Diego, CA).
4.6.3. Phenotypic characterization and intracellular staining

For flow cytometric analysis of PBMCs and CD4+ Tiséhe following monoclonal
antibodies were used: PE-labeled anti-CXCR3, aXicR4, anti-CD25, anti-T-bet and FITC-
labeled anti-CD4 (all from Biolegend, CA, USA). BlgG1l and R-PE-IgG2a cocktail was
used for isotype control (Biolegend). Either PBM@s CD4+ T cells were incubated with

selected antibodies for 15 minutes in the darkoatr temperature. Afterwards the cells were
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washed twice and resuspended in 2% paraformaldehlyde characterization of T-bet
transcription factor, PBMCs were collected and fitained with anti-CD4-FITC. Afterwards the
cells were fixed using 4% paraformaldehyde for 3@utes. In the next step the cells were
permeabilized using water-free, ice-cold methawnolf0 minutes. The cells were then washed
and incubated in dPBS containing 3% FBS to avoidpanific staining. Finally, anti-T-bet
antibody was added for minimum of 45 minutd.samples were analyzed on a FACSCalibur
system (Beckton Dickinson). Data was analyzed théhCell Quest software (BD biosciences).
4.6.4. Quantification of cytokine production

PBMCs were stimulated using T cell activation/exgan macrobeads (Miltenyi Biotec)
which stimulate the T cell receptor, according tanofacturer’s protocol. Briefly, 3 x 105
PBMCs/well were cultured in 96 wells in four replies. After 48 hours the cell culture
supernatants were collected. The level of fFiNas measured using BD cytometric bead array
Th1/Th2/Th17 kit (BD biosciences).
4.6.5. Migration assay

Transwells (Corning Costar) within polycarbonate filters (hm pore size) were used.
PBMCs or CD4+ T cells were (5 x 105) were addeth®upper compartments in 100 pL of
complete medium. The lower compartments were fikdth 500 pL of complete medium
containing either CXCL12 (SDF-1, 200 ng/mL) or CXITL (200 ng/mL) (both form Peprotech,
London, UK) for CXCR4 or CXCR3 migration studiessspectively. To determine the
antagonistic effect, the cells in the upper comparits were pre-treated for 1 hour with various

compounds beforehand. In this manner, the transsuéilires were incubated at 37 °C, 5% CO2

66



for 3 hours. At the end of migration assay, upmenjgartments were removed and cells from the
lower compartment collected and counted by flowooytry using 60 second counts.
4.7. Homology modeling

Homology model of CXCRS3 receptor was built basedtloa crystal structure of the
CXCR4 receptor (PDB code: 30DU) in complex with 8malecule antagonist. CXCR3 amino
acid sequence (UniProt accession number P49682)eudsved from the UniProt archive [53].
Sequence alignment was performed using the T-COHRegEer [54] and the obtained alignment
(Figure S5 in Supplementary data) was used as jput ifor homology modeling software
MODELLER 9.13 [55] to build a CXCR3 homology modeigand information from the crystal
structure was used as an additional restraint enhitmology modeling procedure. Ligand was
kept rigid during model building and water moleaueere ignored. Fifty models were generated
and the best model for further studies was selebtestd on the highest discrete optimized
protein energy (DOPE) score and stereochemicalityuaf the model as evaluated by
PROCHECK [56] and ProSA-web [57,58] server. For sie¢ected model Ramachandran plot
(Figure S6 in Supplementary data) showed that #eklione dihedral angles of 100% of the
amino acid residues were found in allowed regi®is2% in the core region, 7.7% in additional
allowed regions and 1.1% in generously allowedameg) and 0% of the residues located in
disallowed regions. Steric clashes of the initialdel were removed using Chiron server, which
rapidly minimizes steric clashes in proteins usshgrt discrete molecular dynamics simulations
[59,60]. Next, the overall quality of non-bondedratc interactions was assessed by ERRAT
[61]. The ERRAT score (Figure S7 in Supplementaatayl of the energy minimized CXCR3

homology model was 89.46, which is well within ttaage of a high quality model, considering
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the normally accepted range of >50 for high quatiydels. Finally, ProSA-web evaluation of
the model reported a Z-score value of -3.84 (FigiB8dn Supplementary data), which is within
the range of native conformations of the crystalcttires.
4.8. Molecular docking

Structure-based (molecular docking) calculationsnadst potent negative allosteric
modulators identified by cAMP BRET assay within thinding pocket of CXCR4 and its
derived CXCR3 homology model were performed by GOlocking suite [62]. The
experimental coordinates of the co-crystallized lsmalecule antagonist IT1t [63] were used to
define the binding site (cavity radius of 10A an88for CXCR4 and CXCRS3, respectively).
The same settings and technical parameters of @eDCgenetic algorithm (population size =
100, selection pressure = 1.1, number of operatoh80.000, number of islands = 5, niche size
= 2, migrate = 10, mutate = 95, cross-over = 95ewesed for all calculations by docking each
molecule 10 times into the binding site. The qyadit calculated docking poses was determined
based on the GOLDScore Fitness function, which wssd as a main scoring function for
evaluation of the ligands binding affinity [62]. Maular figures of poses were generated with
PyMol [64].
4.9. I nter ference compounds screening

All tested compounds were also subjected to Paayadsterference compounds (PAINS)
filter [65], and only compoundsc was filtered out due to 4-metholAnethylaniline as
problematic structure feature. Fortunately this poond did not show any activity on CXCR3

and CXCR4 receptors.
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* CXCR3/CXCR4 dlosteric modul ators were synthesised and functionally characterized
* Oewasidentified as dua CXCR3/CXCR4 negative modulator
» 13a acts as positive modulator and 6a, 6b and 11a as allosteric agonists on CXCR4



