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Abstract

A small library of novel Bl-imidazo[4,5b]pyridine and Bi-imidazo[4,5€]pyridine derivatives was
designed and synthesized as non-sulfonamide &retEptor liganddn vitro evaluation allowed to
identify compoundl7 (2-ethyl-3-(3-fluorobenzyl)-7-(piperazin-1-ylBimidazo[4,5b]pyridine) as
potent 5-HE receptor partial inverse agonist ins Gignaling Ki =6 nM, I1Gy=17.6 nM).
Compoundl17 displayed high metabolic stability, favorable aficome P450 isoenzyme (2D6,
3A4) profile, did not affect PgP-protein bindingitiout evoking mutagenic effects. It was orally
bioavailable and brain penetrant. In contrast tegimdine (SB-742457), which prevented 54R¥F
elicited neurite growth and behaved as an invegamiat of cyclin-dependent kinase 5 (Cdk5),
compoundl? has no influence on neuronal differentiation. Coomul 17 exerted significant pro-
cognitive properties in novel object recognitionQR) task in rats reversing both phencyclidine-
and scopolamine-induced memory deficits (MED = H &3 mg/kg,p.o, respectively). These
effects were similar to those produced by intepiediAdditionally, combination of inactive doses
of compoundl17 (0.1 mg/kg) and donepezil (0.3 mg/kg) produced myis@c effect to reverse
scopolamine-induced memory deficits. Accordinglgydstigating putative divergence between
inverse agonists and neutral antagonists as cwegniéinhancers in neurodegenerative and

psychiatric disorders is certainly of utmost ingtre

Keywords: 3H-imidazo[4,5€]pyridine, imidazo[4,5c]pyridines, solid-supported synthesis, 54T
receptor inverse agonist, Cdk5 signaling, intepiedinovel-object recognition test, phencyclidine,

scopolamine, donepezil, pro-cognitive activity, éatia, neurodegenerative disorders.



1. Introduction

The serotonin 5-HJ receptor (5-H¥R) belongs to the superfamily of G protein-coupled
receptors (GPCRS). It is canonically coupled top@xein, promoting cAMP formation. 5-HRs
also engage the extracellular signal-regulatedser(&RK)1/2 pathwayia the Src-family tyrosine
kinase Fyn [1] and the mammalian target of rapam{@iTOR) pathway known to be involved in
brain development, learning, and synaptic plagtifd]. Moreover, 5-HERs recruit a network of
proteins that includes cyclin-dependent kinase &8} and some of its substrates, which control
various neurodevelopmental processes [3].

The 5-HTR is exclusively localized in the central nervougstem, predominantly in
hippocampus, striatum, nucleus accumbens and ptafrgortex. Its enrichment in those brain
regions suggests an important role in memory amgphition processes [4,5]. These findings were
further supported by a large body of evidence iatilg that 5-HFR blockade improves cognitive
performance by enhancing cholinergic, glutamateagid monoaminergic (e.g., dopaminergic and
adrenergic) neurotransmissions in several rodeies®f cognitive impairment [6,7]. Finally, pro-
cognitive effects of two 5-HgR antagonists, idalopirdine (Lu-AE58054) and inteéjpie (SB-
742457) (Figure 1), were unequivocally demonstrated@hase I clinical trials in patients with mild
to moderate AD with treatment with the acetylcheliesterase inhibitor donepezil [8-10].
Intepirdine and another 5-HR antagonist, landipirdine (Figure 1), are curnenthder evaluation
in Phase Il trials in patients with dementia witewy bodies and Parkinson’s disease dementia,
[11,12].
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Figure 1. Chemical structure of 5-HR antagonists evaluated in Phase Il clinical trials

Another important feature of 5-HR, which depends on its association with intergcpartners, is
its high level of constitutive activity [13,14]. hunderscores the need of developing ligands with
neutral antagonists. inverse agonist properties in order to comparer thg-cognitive action in

different paradigms of cognitive impairment.



Structural requirements for designing potent arldcsge 5-HTR ligands might be summarized
into a positive ionizable nitrogen atom attachea titat aromatic core ring system which is linked
to a second distant aromatic ring mostly througieteahedral sulfonyl group [15,16]. The most
recurrent chemical motif within 5-HR ligands is represented by an indole moiety fumatiized
with Nj-arylsulfonyl fragment [17,18]. In consequence, esaV classes of 5-HR ligands have
been identified by scaffold hopping approacmsisting in swapping carbon and nitrogen atom in
an indole ring to generate benzimidazole, azaindaazole, azaindazole derivatives (Figure 2)
[17,19,20].
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Figure 2. Chemical structure of 5-HR ligands containing different indole-like scaffsld

Only few efforts have been paid on replacing thidosyl group by its bioisosteric methylene
group. This modification has either no influenceaffinity of tryptamine derivatives for 5-HR
[16,21] or significantly decreased affinity of 34§prazin-1lylmethyl)-H-indole derivatives (Figure
3) [22].

X = SO, K; (5-HTe) = 4.1 nM X = SO, K; (5-HTg) = 10.2 nM
X = CHy K; (5-HTg) = 6 nM X = CHy K; (5-HTe) = 312 nM

Figure 3. Comparison of tha vitro pharmacological activity of indole-type 5-kR ligands.

Based on these findings, we applied a scaffold-mgpppproach to design a nowgibenzyl
3H-imidazo[4,5b] and 3H-imidazo[4,5¢€]pyridine derivatives as potent and selective SRIT
antagonists (Figure 4). To extend chemical diversitround imidazopyridines, structural
modifications comprised an introduction of differealkyl/aryl substituents at C2-position at the
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imidazole moiety, as well as the diversificatiortteg N-benzyl fragment bearing electron donating
or withdrawing substituents. Finally, a methylemakér between the benzyl fragment and the
imidazo[4,5b]pyridine was replaced by the ethylene one.
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Figure 4. Design of a focused library 8H-imidazo[4,5b]pyridine and B-imidazo[4,5¢€]|pyridine
derivatives using the scaffold hopping atdbenzyl replacement strategies.

In this study, we evaluated tha vitro affinity of synthesized compounds for 5-§Rs,
functional profile in Gs and Cdk5 paand selectivipanel, followed by ADMET and
pharmacokinetic properties for the most promisieg\ative. Finally, the pro-cognitive activity of
selected compound has been evaluated in the ndyettorecognition (NOR) task in rats by

measuring its ability to reverse drug-induced megnuaficits.

2. Results and Discussion
2.1.Chemistry

Target compounds were synthesized using eitheititadl solution-phase or solid-phase
synthesis approach. For the preparation of imidhsai]pyridines, a combined solution-
phase/solid-phase synthesis approach was applietief® 1) [23]. First, 2,4-dichloro-3-
nitropyridine SM-1) was reacted with selected benzylamines and ghdtireg intermediaté-1 was
immobilized using the resin capture with Wang-pgzeme resirM-2. Then, after reduction of the
nitro group with sodium dithionate in a presencepbbse-transfer catalyst, polymer supported
imidazopyridinesl—-2 were obtained using the thermal cyclization wilttelydes. Finally, target
compoundsl-5 were cleaved from the resif8 by treatment with a mixture of trifluoroacetic @ci
(TFA) in dichloromethane and purified with semi-paeative HPLC.
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Scheme 1Synthetic pathway used for the preparation of anad4,5€|pyridines1-5 (overall yield
39-45%). Reagents and conditiong} benzylamine, N,N-diisopropylethylamine (DIEA),
dimethylsulfoxide (DMSO), rt, onj) DIEA, 70°C, on.iii) N&S;0,4, KoCO;, tetrabutylammonium
hydrogen sulfate (TBAHS), Ci€l./H,0, rt, on;iv) aldehyde, DMSO, 80°C, on) TFA/ CHCI,

(50/50v/v), rt, 1 h.

In contrast, the synthesis of imidazo[4]pyridines was totally performed on solid support
(Scheme 2). First, piperazine was immobilized om@/eesinvia carbamate functionality to yield
SM-2a followed by the regioselective arylation with 2j#&hloro-3-nitropyridineSM-1 in the
presence ofN,N-diisopropylethylamine (DIEA). Resin-4 was then reacted with selected
benzylamines in dimethylsulfoxide under mild coiadis to yield intermediates5. Synthesis of
target compound6-39 from intermediate$-5 was accomplished using the same protocols as for

solid-phase synthesis of imidazo[4pyridines.

Phenethyl derivatives and selected benzyl derigatimcluding compoundl7 chosen for behavioral
evaluation were synthesized using solution-phaganic synthesis. The identical reaction pathway
was used with Boc-piperazir8M-2b as starting material instead of the Wang-pipeer@sinSM-

2a. In some cases, the reaction conditions weretslighodified compared to solid-phase synthesis
procedures (see Supp. Information for more detditlstase of solution-phase synthesis, the Boc-
protective group of final intermediates was cleausthg alcoholic hydrogen chloride and the final

products were purified by crystallization.
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Scheme 2.Synthetic pathway used for the preparation of anaj4,5-b]pyridines-39 (overall

yield 30-42%). Reagents and conditions: For sdfidse synthesis) DIEA, DMSO, rt, on;ii) 10%

amine in DMSO, rt, onijii) Na$,04, K.CO;, TBAHS, CHCI,/H,0, rt, on;iv) aldehyde, DMSO,
80°C, on;v) TFA/ CHCI, (50/50v/v), rt, 1 h. For solution-phase synthesjsDIEA, DMSO, rt,

2 h;ii) amine, DMSO, DIEA, 80°C, 48 hij) Na$,0,4, K,CO;, dimethylformamide (DMF)/BD,

80°C, 90 minjv) aldehyde, DMF, 80°C, 48 k) HCI/MeOH or EtOH, rt, 48 h.

2.2. Structure-activity relationship studies

Evaluation of newly synthesized compourd89 in [°H]-LSD binding experiments showed that
they display high-to-low affinity for the 5-HR (K = 6—829 nM) (Table 1). Structure-activity
relationship studies focused first on a type ofedation of individual heterocyclic scaffolds showed
that localization of the pyridine nitrogen atoncrsicial for the binding to the 5-HR: compounds
bearing imidazo[4,®]pyridine fragment (pyridine nitrogen atom localizdistal to the piperazine
moiety) displayed higher affinity for 5-HR than their imidazo[4,6}pyridine analogs having
pyridine nitrogen atom localized proximal to thpgriazine moietygvs1 and8 vs3 and23vs5).

In an attempt to verify the limit in size and shapbé¢he receptor binding cavity, to what extent it
affects affinity of synthesized ligands for 5-§R, the C2-position of imidazo[4B}pyridine
moiety was functionalized with different small oulky alkyl/aryl substituents. Generally, the

presence of alkyl substituents in C2-position gligincreases the affinity of compounds for the
8



tested receptor, compared with non-substitutedvdives 7 vs 12, 18 and23). In particular, the
length of alkyl chain influenced the interactiorttwb-HTgR, with ethyl group being preferred over
a methyl one § vs 15, 9 vs 16 and 12 vs 18). Additionally, the replacement of small alkyl
substituents with symmetric, sterically-hinderece®r{i.e., isopropyl or 3-pentyl group) has not
significantly impacted the affinity of the testednepounds for 5-HdR (12 and18vs23 and28; 17
vs22 and1l1vs?29). In contrast, bulky asymmetric substituents sasmeopentyl group or aromatic
fragments (i.e., 2-thienyl, 4-F-phenyl) were ndétated, as they reduced the affinity for 5dRTup

to 12-fold (1 vs 30; 7 vs 32 and 22 vs 33). This might result from the increased volume lué t
substituents, which affects access of compoundthénreceptor binding pocket. Furthermore,
selected substituents with different electronigperties at th&l-benzyl fragment were investigated.
Results revealed that the presence of substitngmbsition-3 was preferential for the binding to 5-
HTeR and the following rank order 3 position > nonsithited > 2~ 4 position was observed.
Moreover, the nature of the substituent atNHeenzyl fragment was highly relevant for the birgdin
to the receptor.

Since many years, halogen atoms have been routussg in drug optimization to improve
affinity and biological activity mediated by givaarget, due to the ability of halogens to form
additional interactions i.e., dipole-dipole (Cl, Bnd I), and Van der Waals (F atoms). Consistent
with these findings, compounds containing 3t &nd22) and 3-CI {8 and23) substituents were
the most potent among the newly synthesized congmh < 20 nM). In contrast, introduction of
the strong electron withdrawing substituent 3;Gkghtly decreased the affinity for 5-5H (12 vs
13). Moreover, mono-fluorinated compounds were prefirto di-fluorinated analogs for the
binding to 5-HERs (L7 vs 19 and 20). Replacement of the halogen atoms with weaklgtede
donating substituents (i.e., 3-methyl) maintainegh laffinity for the biological targetl@ vs11 and
29 vs 28), while the introduction of strong electron dongtigroup (i.e., 2- or 3-methoxy)
destabilized the ligand-receptor complé®,(24 and31, K; = 337, 92 and 165 nM, respectively).



Table 1 The binding data of the synthesized compour@8 for 5-HTgRs

N N
Ln AN
X =Y R
1-33

Compd X Y Ry R Ki [nM] @
5-HTg

1 N CH H H 450
2 N CH H 3-Cl 320
3 N CH Methyl H 374
4 N CH Methyl 3-Cl 254
5 CH N Isopropyl 3-Cl 126
6 CH N H H 110
7 CH N H 3-Cl 33
8 CH N Methyl H 101
9 CH N Methyl 2-Cl 829
10 CH N Methyl 2-OMe 337
11 CH N Methyl 3-Me 26
12 CH N Methyl 3-Cl 21
13 CH N Methyl 3-Ck 62
14 CH N Methyl 4-F 317
15 CH N Ethyl H 36
16 CH N Ethyl 2-Cl 177
17 CH N Ethyl 3-F 6

18 CH N Ethyl 3-Cl 7
19 CH N Ethyl 2,5-diF 57
20 CH N Ethyl 3,4-diF 139
21 CH N Isopropyl 2-F 61
22 CH N Isopropyl 3-F 13
23 CH N Isopropyl 3-Cl 20
24 CH N Isopropyl  3-OMe 92
25 CH N Isopropyl 4-F 80
26 CH N Isopropyl 4-Cl 107
27 CH N 3-Pentyl 2-Cl 108
28 CH N 3-Pentyl 3-Cl 30
29 CH N 3-Pentyl 3-Me 42
30 CH N Neopentyl 3-Me 142
31 CH N Neopentyl 3-OMe 165
32 CH N 2-Thienyl 3-Cl 165
33 CH N 4-F-Phenyl 3-F 162

& MeanK; values (SEM + 19%) based on three independenttgnekperiments
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Having identified the preferential substitutionpaay at theN-benzyl fragment (3-F and 3-Cl)
and at the C2-position of imidazopyridine ring (gt ethyl, isopropyl), we then focused on the
influence of an elongation of tid-methylene linker on the interaction with the 54RT

Table 2 The binding data of the synthesized compoB#H89 for 5-HTs;Rs

N N

34-39
Compd Ry R Ki [nM] 2

5-HTs

34 H F 1298

35 H Cl 1251

36 Me Cl 312

37 Ethyl F 56

38 Ethyl Cl 42

39  Isopropyl Cl 80

& MeanK; values (SEM * 17%) based on three independentiinekperiments

Binding data outlined in Table 2 showed that thisdification decreased the affinity of the
corresponding ligands for 5-HR up to 4-fold {2vs 36, 17 vs37). In line with the results obtained
in the N-benzyl series, the following rank order among stligon patterns in C2-position at the

imidazole moiety was found: ethyl > isopropyl > mdt>> H.

11



2.3. Extended in vitro pharmacology and functional atgievaluation

In the next step, selected compounds with thedsighffinity for 5-HER (Ki <25 nM)were
tested for their affinity for other serotonin (5-HAT 5-HT,a, 5-HT7) and dopamine Preceptors. In
contrast to clinically tested 5-HR antagonists, which also possess high affinity 3 T,aR,
selected compounds displayed low affinity for thie ; > 440 nM) and high selectivity (up to
113-fold) against the other serotonin and dopargineeceptor subtypes tested (Table 3).

Table 3. The antagonist activity of selected compounds f¢iTgRs and their binding data for
5-HT1a, 5-HT2a, 5-HTg and DRs.

Compd Ki[MMI° ICsfnM]® Ki [nM]°®
5-HTs 5-HT;n  5-HT,a  5-HT; D,
17 6 17.6 2790 441 12340 3482
18 7 51.9 1354 449 8748 6100
22 13 69.5 5934 475 11920 3436
23 20 56.4 2277 694 7139 2941
Intepirdine 1.4 2.8 2370 26 14230 997

#MeanK; values (SEM * 27%) based on three independentinekperiments
® Mean 1G, values (SEM + 18%) based on three independentiengets

We next evaluated the influence of the selectedpounds on the 5-HR constitutive activity
at G signaling, in NG108-15 cells expressing recombimaoeptors. In this cellular model a strong
receptor constitutive activity was previously demsioated [13]. The reference 5-kR antagonist
intepirdine (SB-742457) strongly decreased basMAevel in a concentration-dependent manner
(IC50=2.8 £0.18 nM) and thus behaved as inverse agamithis model (Figure 5). On the other
hand, compound47, 22 and23 only partially decreased cAMP level, and with lovapparent
affinities, compared with intepirdine (§¢ 17.6 + 2.1, 69.5 + 4.8, 56.4 * 3.4 nM, respedyiye
indicating that they behave as partial inverse agerfTable 3). In contrast, compouh8 did not
significantly affect cAMP level at any concentratidested, indicative of neutral antagonist
properties at Gs signaling.

12
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Figure 5. Influence of intepirdine and compound3, 18, 22, and 23 on 5-HT;R constitutive
activity at G signaling in NG108-15 cells. Constitutive activity represented as 100% of the

activity measured in the absence of compound.

In addition to its established role in the contsbtognition and mood, the 5-HTeceptor plays
a key role in neuronal differentiationa its interaction with the Cdk5 protein kinase [1B]was
shown that expressing the 5-lfieceptor in NG108-15, a neuroblastoma cell linemmnly used
to investigate mechanisms underlying neuronal iiffeationin vitro, induces a Cdk5-dependent
NG108-15 cell differentiation, as assessed by nreasthe length of neurites emitted by the cells
24 h after transfection. Consequently, Cdk5-depeindeurite growth can be inhibited by inverse
agonists that disrupt the interaction between CdR8 the receptor. Reminiscent of its inverse
agonist properties at Gs signalling, intepirdineorsgly reduced NG-108-15 cell neurite length
(15.69 + 1.45um, n =31 cellsvs. 58.61 £ 3.52um, n = 32 in vehicle-treated cells). In contrast,
neurite length of cells treated with compour®i(51.84 + 3.07um, n = 104 cells) was not different
from control cells, indicating that this compounehlBves as neutral antagonist at 5st8ceptor-
operated CdkS5 signalling (Figure 6).

13
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Figure 6. NG108-15 cells were transfected with a plasmicoeing a GFP-tagged 5-HTeceptor
and exposed to either DMSO (Control) , intepirdihgiM) or compoundl? (1 uM) for 24 h. The
histogram shows the means = SEM of neurite leng#éach experimental condition measured from

three independent experiments. *** p<0.0@4. cells expressing 5-HTreceptor and treated with

DMSO. Scale bar, 10m.

In line with these results, compoufdwas selected for furthén vitro binding evaluation towards
“off-target” receptor panel at CEREP displaying wedfinity for dopaminergic B(18% @ 1uM),
and no adrenergig; (0.2% @ 1uM), histamine H and H (-4.9 and 1.6% @ {iM, respectively),
muscarinic M (3% @ 1uM), and the serotonin transporter (SERT, 1.9% @M). Finally,
compoundl? did not bind ahERG potassium channel (-6.1% @M). These results suggested a
low risk of tested compound to evoke undesirabl@liosascular ¢;, hERG) or CNS (H) side
effects. No affinity for M receptor is favorable to observe the positive @ute in increase of

acetylcholine via blockade of 5-HR.

14



2.4. Preliminary ADMET properties evaluation

Early in vitro screening of ADMET parameters is essential in agddiscovery/lead
optimization process to verify if a drug candiddigplays desirable pharmacokinetics (PK) profiles
that warrant further preclinical development.

Compoundl7 was readily soluble in water (21.45 mg/mL; 50 mht)displayed a low intrinsic
clearance (Gk = 1.73 mL/min/kg), and a half-life counting,t= 100 min in rat liver microsomes
(RLM) assays. Next, the influence af7 on liver human cytochrome CYP3A4 and CYP2D6
iIsozymes, which are responsible for the metabolgnabout 40% of all marketed drugs, was
assessed in order to exclude potential drug-driggantion. No inhibition activity by compourid
was detected in the CYP3A4 assay, but a slightatoin of the CYP2D6 activity was observed at
higher concentration (29M) (Table 4).

Considering that compounds which are potential tsates of the glycoprotein P (P-gp) might
be effluxed from the intestinal lumen as well axleded from the brain resulting in poor
bioavailability, the efflux ratio of compountl7 was evaluated in Caco-2-cell line. Experiments
were performed at Eurofins Cerep according to ttexzquures reported online at www.cerep.fr.
Compoundl? possessed a high permeability in this model irioigathat it is not a P-gp substrate
(Table 4).

Next, a preliminary pharmacokinetic profiling ofrapoundl17 was determined in male Wistar
rats injected with a single dose (10 mgfkg.). This compound was rapidly absorbed and able to
cross the blood-brain barrier with a,£& value reaching 139.7 ng/mL in the brain after 1iH m
(Tmax- It was eliminated from the brain after 300 min.

In a view of toxicology and safety issues, the pbé mutagenicity of compound7 was
further determined in Ames tedfvaluated compound displayed no mutagenic pragseiti two

strains ofSalmonella typhimuriupre.g. TA98 and TA100.
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Table 4.Summary of the ADMET profile evaluation for compat

Assay type Compound 17

Solubility in H,O 50 mM

Microsomal stability in RLM assay Clint = 1.73 ml/min/kg

Cytochrome P450 inhibition No inhibition at tested

concentration

(CYP3A4, CYP2D6) (0.025-25 M)
Permeability High, no substrate of P-gp

Ames test Not mutagenic

Tmax= 15 min

PK Cnax = 139 ng/mL

2.5. Behavioral evaluation

In line with the ability of 5-HFR antagonists to induce pro-cognitive effects mNOR task in
various paradigms of cognitive impairment, we rexdluated the ability of compourd to rescue
deficit in novel object recognition in rats treat@dh phencyclidine (PCP) or scopolamine (SCOP)
[24]. As expected, vehicle-treated, but not phehdye (PCP, 5 mg/kg) and scopolamine (SCOP,
1.25 mg/kg )-treated, rats spent significantly miimee exploring the novel object than the familiar
one, indicating that both treatments abolishedathibty to discriminate novel and familiar objects.
These deficits were significantly reduced followiagministration of compountl7 (1 and 3 mg/kg)
and intepirdine (0.3 and 1 mg/kg) (Figure 7), sistigg that tested compourld¥ reversed PCP-
induced cognitive impairment, being similar to #feects of intepirdine [25].

Furthermore, compountl7 (at 0.3 but not 0.1 mg/kg) and donepezil (at 1rmit0.3 mg/kg)
reversed the scopolamine-induced object recognititeficit (Figure 8). Because 5-BHR
antagonists have been tested in clinical triale @@®@mbination with donepezil [22,26], rats were
also treated with an inactive dose 1f (0.1 mg/kg) and donepezil (0.3 mg/kg). The cogaiti
performance of rats co-treated with inactive dosas comparable to the active dose (1 mg/kg) of

donepezil given alone and to the vehicle-treatedrobgroup.

16



1.00- =3 Intepirdine
< s 17
L 0.754
£ HHH#
c
6 0509 1 HHH ]
=2 T \
g W\
£ 0.254 \\ \
3}
%)
A 0.00 ' & &
PCP O 5 5 mafkg
Compound O 0 0.3

Figure 7. Effects of compoundl7 on PCP-induced cognitive impairment in the nougkot
recognition test in rats. The data are presentethe@snean =+ SEM of discrimination index (DI).
N = 8-10 of rats per group. One-way ANOVA demortstiasignificant effects of treatment: F (5,
48) = 17.1; P<0.001. Symbols: *P < 0.0% vehicle-treated group”P < 0.001vs PCP-treated

group; Newman-Keuls multiple comparisons test.
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Figure 8. Effects of donepezil, compourid, and of co-administration of their inactive doses
scopolamine-induced cognitive impairment in theetabject recognition test in rats. The data are
presented as the mean + SEM of discrimination in@#x N = 8-10 animals per group. One-way
ANOVA demonstrated significant effects of treatmeht (6, 59) = 11.15; P<0.001. Symbols:
*P < 0.05, ***P < 0.001vs vehicle-treated group?”P < 0.001vs scopolamine-treated group;

Newman-Keuls multiple comparisons test.
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3. Conclusion

By combining the concept of both scaffold hoppimng #&sosteric replacement, a novel series of
non-sulfonamide 5-HgR antagonists was designed and synthesized. Steuattivity relationship
studies identified the structural features thatofainteraction with the 5-HgR. Specifically,
imidazo[4,5b]pyridine scaffold was preferred over the imidazbfdpyridine analog.
Additionally, small alkyl substituents at the C2spmn of imidazopyridine core accommodated
better in the receptor binding pocket than bulkiksyl or aromatic moieties. Finally, halogen atoms
in 3-position at aryl moiety connected by methyléinker guaranteed the highest affinity for 5-
HTeR. The study identified compound?7 (2-ethyl-3-(3-fluorobenzyl)-7-(piperazin-1-yl)B3
imidazo[4,5b]pyridine) as new and potent 5-ER partial inverse agonist ats@Gignaling and
neutral antagonist in Cdk5 pathway, displaying fatste ADMET profile. Due to its ability (alone
or in combination with an inactive dose of donefdnireverse PCP- and SCOP-induced cognitive
impairments in the NOR task, compouf@d might be considered as a pharmacological tool to
further investigate the difference between paritalerse agonists and neutral antagonists as

potential cognitive enhancers in neurodegeneratmegenetic disorders.
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4.  Experimental Section
4.1. Chemistry
4.1.1. General Methods

Solvents and chemicals were purchased from Aldiilwaukee, IL, www.sigmaaldrich.com)
and Acros (Geel, Belgium, www.acros.cz). Wang ré$00-200 mesh, 1% DVB, 0.9 mmol/g) was
obtained from AAPPTec (Louisville, KY, www.aappteam). Solid-phase synthesis was carried
out in plastic reaction vessels (syringes, eachppgd with a porous disk) using a manually
operated synthesizer (Torviq, Niles, MI, www.tor@gm). All reactions were carried out at
ambient temperature (21 °C) unless stated otherise volume of wash solvent was 10 mL per 1
g of resin. For washing, resin slurry was shaketh whe fresh solvent for at least 1 min before
changing the solvent. Resin-bound intermediate® wleed by a stream of nitrogen for prolonged
storage and/or quantitative analysis. For the LCA"8lysis a sample of resin (~ 5 mg) was treated
by TFA in CHCl,, the cleavage cocktail was evaporated by a strefamitrogen, and cleaved
compounds extracted into 1 mL of MeCN® (1/1). The LC/MS analyses were carried out on
UHPLC-MS system consisting of UHPLC chromatograpigyity with photodiode array detector
and single quadrupole mass spectrometer (Watesw)g X-Select C18 column at 30 °C and flow
rate of 600uL/min. Mobile phase was (A) 0.01 M ammonium acetatéd,0, and (B) MeCN,
linearly programmed from 20% to 80% B over 2.5 nkapt for 1.5 min. The column was re-
equilibrated with 20% of solution B for 1 min. TESI | source operated at discharge current of 5
1A, vaporizer temperature of 350 °C and capillarynperature of 200 °C. Purification of
compounds synthesized by solid-phase synthesiscasged out on C18 reverse phase column
(YMC Pack ODS-A, 20 x 100 mm, Am particles), gradient was formed from 10 mM aqeou
ammonium acetate and MeCN, flow rate 15 mL/min. llyophilization of residual solvents (B,
ammonium acetate buffer, DMSO, DMF) at -110°C tharf¥ac Coolsafe 110-4 was used.

All H and *®*C NMR experiments were performed with using JEOLABQOII or ECX500 at
magnetic field strengths of 9.39 T or 11.75 T cspanding to'H and**C resonance frequencies of
399.78 MHz or 500.16 MHz and 100.53 MHz or 125.7HZ2Vlat ambient temperature (25 °C)
and/or higher temperature (50-150°C). Chemicalsi®j are reported in parts per million (ppm),
and coupling constants)(are reported in Hertz (Hz). The signal of DM8§was set at 2.50 ppm
in '"H NMR spectra and at 39.5 ppm*fic NMR spectra.

HRMS analysis was performed using LC-MS an Orbitrfalite high-resolution mass
spectrometer (Dionex Ultimate 3000, Thermo Exacples, MA, USA) operating at positive full
scan mode (120 000 FWMH) in the range of 100-1008 irhe settings for electrospray ionization

were as follows: oven temperature of 150 °C andcsouoltage of 3.6 kV. The acquired data were
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internally calibrated with phthalate as a contamin@ MeOH (m/z 297.15909). Samples were
diluted to a final concentration of 0.1 mg/mL in® and MeOH (50/50y/v). Before HPLC
separation (column Phenomenex Gemini, 50 x 2.00 &pan particles, C18), the samples were
injected by direct infusion into the mass spectri@maising autosampler. Mobile phase was
isocratic MeCN/isopropyl alcohol0.01 M ammoniumtate (40/5/55) and flow 0.3 mL/min.

4.1.2. Synthesis procedure for the preparation of N-be@zgthloro-3-nitropyridin-4-aminegl-1)

2,4-Dichloro-3-nitropyridine (300 mg; 1.56 mmol) svadissolved in DMSO (3 mL).
Subsequently, DIEA (543 pL; 3.12 mmol, 2 eq) ang@rapriate amine were added (2 eq). The
reaction solution was stirred overnight at roompenature. On the following day, another portion
of DIEA (270 pL; 1.56 mmol, 1 eq) was added to Hwodution, and the resulting mixture was
directly added to the resBM-2.

4.1.3. Solid-Phase synthesis of imidazo[4,5-b]pyridined anidazo[4,5-c]pyridines
4.1.3.1. Immobilization of piperazine on Wang re¢8M-2)

Wang resin (1 g, 0.9 mmol/g) was washed three timi#k dichloromethane (DCM). A
solution of 1,1"-carbonyldiimidazole (CDI) (810 nig0 mmol) and pyridine (406L, 5.0 mmol) in
10 mL DCM was added and the resin slurry was shédked h at room temperature. The resin was
then washed three times with DCM and a solutiompipérazine (431 mg, 5.0 mmol) in 10 mL
DCM was added. The slurry was shaken 3 h at roonpéeature and the resin was subsequently
washed three times with DCM. Determination of logdithe sample of resi@M-2 (~ 30 mg) was
reacted with Fmoc-OSu (65 mg, 0.2 mmol) in DCM (@b) for 30 min at room temperature. The
resin was washed three times with DCM, five timeghwieOH, dried and divided into two
samples (2 x 10 mg). Both samples were cleaved fhemesin using TFA in DCM (0.5 mL, 50%)
for 2 h at ambient temperature. The cleavage cocktes evaporated by a stream of nitrogen and
oily residue was extracted into 1 mL of MeOH andlgred by HPLC-UV-MS. Loading of resin
was determined with the use of an external stan@@ndoc-Ala-OH, 0.5 mg/mL). Calculated
loading was 0.40 mmol/g.

Further solid-phase synthesis of target compoutalsirsy from resinSM-2 was performed

according to previously reported protoc[#8].

4.1.4. Solution-Phase Synthesis of imidazo[4,5-b]pyridines
4.1.4.1. Reaction of 2,4-dichloro-3-nitropyridine with Bogprazine(l-4)
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2,4-dichloro-3-nitropyridine (5 g, 26 mmol) and b&piperazine (6.2 g, 30 mmol) were
dissolved in DMSO (25 mL) and DIEA (5.2 mL, 30 mmulas added. The reaction mixture was
stirred at room temperature for 2 h. The reactiorture was diluted with water (100 mL). The
resulting suspension was filtered and washed wikerv Dry crude product was suspendeah-in
hexane/toluene (10//v, 70 mL). The suspension was briefly boiled antefdd hot. The solid
material was washed with mhexane/toluene (10Al/v) andn-hexane to give 7.69 g of product
(yield 87%).

4.1.4.2. Reaction of I-4 with benzylamines or phenethylam{hg)

The corresponding amine (5.3 mmol) andNd4Boc-piperazine)-2-chlor-3-nitro-pyridine (3.5
mmol) I-1 were dissolved in DMSO (10 mL) and DIEA (6.4 mmauelas added. The reaction
mixture was heated at 100°C for 48 h. After coqlitige reaction mixture was diluted with water
(50 mL). The resulting mixture was extracted witlDEc (2 x). The combined organic layers were
washed with water (3 %), with brine (1 x) and contcatedin vacuo The solid residue was
suspended in methanol/water (2/4, 10 mL), washed with methanol/water (2/i, 5 mL) and

water to give the final products in yields rangfngm 70 to 90%.
4.1.4.3. Reduction of I-2 with sodium dithiongte6)

A solution of -5 (2.9 mmol) in DMF (24 mL) was heated to 80°C felld by addition of
solution of NaS;04 (7.9 mmol ) and KCOs (7.9 mmol) in water (8 mL). The resulting mixtweas
heated at 80°C. After 1 h another portion ot8&, (7.9 mmol ) and KCO; (7.9 mmol) in water
(8 mL) was added. The resulting mixture was heate®8D°C for 30 min. After cooling the reaction
mixture, water (100 mL) and solution of amonia 358amL) were added. The resulting mixture
was stirred at room temperature for 10 minutes. Suspension was filtered, washed with water and
drier in air. Crude products were obtained in y8eD-90% and used in the next step without

further purification.
4.1.4.4. Cyclization with aldehydg$-7)

A solution ofl-6 (0.7 mmol) and adehyde (2.2 mmol) in DMF (3 mL)sweeated at 90°C for
48 h. After cooling, the reaction mixture was déditwith water (30 mL). The resulting mixture was
extracted with EtOAc (2 x). The combined organiels were washed with water (3 x), with brine
(1 x) and concentrateith vacuo The solid material was suspended in methanoliw@td viv, 5
mL), filtered, washed with methanol/water (2/4/, 5 mL) and water to give final compounds in

yields ranging from 70 to 80%.
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4.1.4.5. Cleavage of Boc-protecting group

To a suspension &7 (0.6 mol) in EtOH (1.9 mL), 5-10% HCI(g) (2.3 min) MeOH or EtOH
was added. The resulting solution was stirred atnréeemperature for 2 days. The reaction mixture
was concentrated to dryness. The residual mateasl co-evaporated with ether (2 x) and then
suspended in ether. The suspension was filtratédvashed with ether and acetone to give the final

compounds as white solids (yields 70-80%)
4.1.5. Characherization data for final compoun(s39
4.1.5.1. 3-Benzyl-7-(piperazin-1-yl)-3H-imidazo[4,5-c]pyndi acetate(1)

White solid, overall yield 45%; UHPLC-UV purity 96 (220 nm); GH23NsO,, MW 353.43.*H
NMR (500 MHz, DMSO¢dg) & ppm: 3.27 (br. s., 4H), 4.41 (br. s., 4H), 5.692(d), 6.78 (d,)= 7.0
Hz, 1H), 7.20-7.40 (m, 3H), 7.40-7.60 (m, 2H), 8@ = 7.0 Hz, 1H), 8.64 (s, 1H), 9.79 (br. s.,
2H). 1*C NMR (125 MHz, DMSOds) & ppm: 43.0, 45.6, 48.6, 103.7, 124.9, 127.2, 12926,9,
138.4, 140.6, 170.6. HRMS (ESI-TOR)/zcalcd for G;H1oNs [M+H] ¥ 294.1713, found 294.1715.

4.1.5.2. 3-(3-Chlorobenzyl)-7-(piperazin-1-yl)-3H-imidazdpd¢] pyridine acetate(2)

White solid, overall yield 40%; UHPLC-UV purity 3% (220 nm); GH22CINsO,, MW 387.87.
'H NMR (500 MHz, DMSOdg) & ppm: 3.31 (br. s., 4H), 4.25 (br. s., 4H), 5.882), 6.78 (d,
J=6.9 Hz, 1H), 7.35-7.55 (m, 3H), 7.66 (s, 1H),18(8,J = 6.9 Hz, 1H), 8.88 (s, 1H), 9.55 (br. s.,
2H). *C NMR (125 MHz, DMSOdg) & ppm: 43.6, 46.2, 47.8, 103.0, 124.6, 128.0, 12829,0,
131.5, 134.1, 139.9, 142.5. HRMS (ESI-TOR)yz calcd for G/H1sCINs [M+H]* 328.1323, found
328.1326.

4.1.5.3. 3-Benzyl-2-methyl-7-(piperazin-1-yl)-3H-imidazo[4Jpyridine acetatg3)

White solid, overall yield 41%; UHPLC-UV purity 98 (220 nm); GoH2sNsO,, MW 367.45.*H
NMR (500 MHz, DMSOds) & ppm: 2.48 (s, 3H), 3.28 (br. s., 4H), 4.36 (br4s$l), 5.78 (s, 2H),
6.99 (d,J=6.9 Hz, 1H), 7.18 (d) = 6.9 Hz, 2H), 7.25-7.33 (m, 1H), 7.31-7.38 (m, 28118 (d,
J=6.9 Hz, 1H), 9.93 (br. s., 2H)’C NMR (125 MHz, DMSOdg) & ppm: 14.3, 42.6, 45.2, 47.6,
127.5, 128.6, 129.9, 135.1, 150.0, 173.5. HRMS {ESF): m/z calcd for GgHxNs [M+H]*
308.1870, found 308.1872.

4.1.5.4. 1-(3-Chlorobenzyl)-2-methyl-4-(piperazin-1-yl)-1htdazo[4,5-c]pyridine acetat@l)

22



Pale yellow solid, overall yield 40%; UHPLC-UV piyri98.8% (220 nm); &H24CINsO,, MW
401.90.*H NMR (500 MHz, DMSOdg) 5 ppm: 1.77 (s, 3H), 2.43 (s, 3H), 2.82 (br. s., 43{p4—
3.99 (m, 4H), 5.40 (s, 2H), 6.82 (@@= 5.7 Hz, 1H), 6.94-6.98 (m, 1H), 7.15 (s, 1H),0=3.33 (m,
2H), 7.73 (dJ = 5.7 Hz, 1H)*C NMR (125 MHz, DMSQdg) 5 ppm: 13.9, 23.1, 45.6, 46.3, 46.9,
98.0, 125.8, 127.0, 128.1, 131.3, 133.9, 139.8,014041.8, 149.0, 151.2, 173.5. HRMS (ESI-
TOF): m/zcalcd for GgH2oCINs [M+H] " 342.1480, found 342.1484.

4.1.5.5. 3-(3-Chlorobenzyl)-2-isopropyl-7-(piperazin-1-ylddmidazo[4,5-b]pyridine acetatéb)

Pale yellow solid, overall yield 39%; UHPLC-UV ptyi99.4% (220 nm); &H2sCINsO,, MW
429.95."H NMR (500 MHz, DMSOds) 5 ppm: 1.17 (d,J = 6.9 Hz, 6H), 1.85 (s, 3H), 2.86 (br. s.,
4H), 3.18 (dtJ = 13.8, 6.9 Hz, 1H), 3.97-4.03 (m, 4H), 5.45 (s),2480 (d,J = 5.7 Hz, 1H), 6.89
(t, J= 3.7 Hz, 1H), 7.12 (s, 1H), 7.28-7.33 (m, 2H),37(@,J = 5.7 Hz, 1H)*C NMR (125 MHz,
DMSO-ds) & ppm: 22.2, 26.0, 45.6, 45.9, 46.9, 98.2, 125.4.8,2127.2, 128.1, 131.3, 133.9,
140.0, 140.1, 141.6, 151.3, 156.9, 172.8. HRMS {ESF): m/z calcd for GgH24CINs [M+H]*
370.1793, found 370.1794.

4.1.5.6. 3-Benzyl-7-(piperazin-1-yl)-3H-imidazo[4,5-b] pyndi hydrochloride(6)

White solid, overall yield 35%; UHPLC-UV purity 3% (220 nm); GH»,CINs, MW 329.83H
NMR (500 MHz, DMSOdg) & ppm: 3.25 (br. s., 4H), 4.39 (br. s., 4H), 5.642(4), 6.91 (dJ = 7.0
Hz, 1H), 7.25-7.34 (m, 3H), 7.36—7.40 (m, 2H), 8(d5J = 6.9 Hz, 1H), 8.54 (s, 1H), 9.59 (br. s.,
2H). *C NMR (125 MHz, DMSOdg) & ppm: 42.8, 45.1, 48.0, 102.6, 123.9, 128.1, 1282D.4,
136.5, 141.5. HRMS (ESI-TORp/zcalcd for GH1oNs [M+H]*294.1713, found 294.1715.

4.1.5.7. 3-(3-Chlorobenzyl)-7-(piperazin-1-yl)-3H-imidazadpdb] pyridine hydrochloride(7)

White solid, overall yield 35%; UHPLC-UV purity 3% (220 nm); GH1sCloNs, MW 364.27*H
NMR (500 MHz, DMSO¢dg) & ppm: 3.25 (br. s., 4H), 4.38 (br. s., 4H), 5.642(d), 6.90 (d,)= 6.9
Hz, 1H), 7.29-7.40 (m, 3H), 7.52 (s, 1H), 8.14J&, 6.8 Hz, 1H), 8.56 (s, 1H), 9.55 (br. s., 2H).
13C NMR (125 MHz, DMSOds) & ppm: 42.9, 45.1, 47.3, 102.7, 124.0, 126.9, 12828,7, 131.3,
133.9, 138.9, 141.5. HRMS (ESI-TOF/z calcd for G7H1gCINs [M+H]" 328.1323, found
328.1326.

4.1.5.8. 3-Benzyl-2-methyl-7-(piperazin-1-yl)-3H-imidazo[4fpyridine hydrochloridg8)

White solid, overall yield 32%; UHPLC-UV purity 99% (220 nm); @H»,CINs, MW 343.86.*H
NMR (500 MHz, DMSOe€k) 6 ppm: 2.47 (s, 3H), 3.26 (br. s., 4H), 4.38 (br4#d), 5.74 (s, 2H),
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6.96 (d,J=6.9 Hz, 1H), 7.16 (d) = 6.9 Hz, 2H), 7.25-7.30 (m, 1H), 7.29-7.35 (m, 28112 (d,
J=6.9 Hz, 1H), 9.83 (br. s., 2H)’C NMR (125 MHz, DMSOdg) & ppm: 14.2, 42.8, 45.2, 47.3,
127.4, 128.5, 129.5, 135.8, 150.0. HRMS (ESI-TOR)z calcd for GgH2iNs [M+H]* 308.1870,
found 308.1872.

4.1.5.9. 3-(2-Chlorobenzyl)-2-methyl-7-(piperazin-1-yl)-3hhdazo[4,5-b]pyridine hydrochloride
9)

White solid, overall yield 39%; UHPLC-UV purity 9% (220 nm); GsH»:.CloNs, MW 378.30.*H
NMR (500 MHz, DMSO#) 6 ppm: 2.39 (s, 3H), 3.27 (br. s., 4H), 4.42 (br.4$1), 5.80 (s, 2H),
6.60 (d,J=6.9 Hz, 1H), 7.00 (d] = 6.9 Hz, 1H), 7.20-7.27 (m, 1H), 7.34 (i 7.7, 1.7 Hz, 1H),
7.53 (dd,J=8.0, 1.2 Hz, 1H), 8.12 (d|= 7.5 Hz, 1H).**C NMR (125 MHz, DMSOds) & ppm:
14.0, 42.8, 45.2, 45.9, 100.0, 103.4, 127.6, 128B30,2, 130.4, 132.2, 132.9, 149.1, 150.1. HRMS
(ESI-TOF):m/zcalcd for GgHoCINs [M+H] *342.1480, found 342.1482.

4.1.5.103-(2-Methoxybenzyl)-2-methyl-7-(piperazin-1-yl)-Bhidazo[4,5-b]pyridine acetat€l0)

White solid, overall yield 36%; UHPLC-UV purity 9% (220 nm); GiH»7NsOs, MW 397.48.*H
NMR (400 MHz, DMSO€g) 6 ppm: 1.77 (s, 3H), 2.37 (s, 3H), 2.85 (br. s., 4HY4-3.80 (m, 4H),
3.84 (s, 3H), 5.29 (s, 2H), 6.41-6.47 (m, 2H), 6(@5) = 1.4 Hz, 1H), 7.01 (dJ = 8.2 Hz, 1H),
7.16-7.24 (m, 1H), 7.83 (dd,= 5.7, 1.2 Hz, 1H)*C NMR (125 MHz, DMSOQdg) & ppm: 14.2,
23.3, 40.9, 45.5, 48.4, 55.9, 102.4, 111.3, 12023.7, 125.2, 127.1, 129.1, 144.4, 147.3, 148.3,
149.7, 156.7, 173.8. HRMS (ESI-TOF/z calcd for GgH,3NsO [M+H]™ 338.1975, found
338.1976.

4.1.5.113-(3-Methylbenzyl)-2-methyl-7-(piperazin-1-yl)-3Midazo[4,5-b]pyridine hydrochloride
(11)

White solid, overall yield 32%; UHPLC-UV purity &% (220 nm); ); @H.4CINs, MW 357.89'H
NMR (500 MHz, DMSOe€k) 6 ppm: 2.22 (s, 3H), 2.46 (br. s., 3H), 3.26 (by.4#d), 4.37 (br. s.,
4H), 5.67 (s, 2H), 6.90 (d,= 8.0 Hz, 1H), 6.96 (d) = 7.5 Hz, 1H), 7.00 (s, 1H), 7.09 (@ 8.0
Hz, 1H), 7.14-7.24 (m, 1H), 8.13 (d=6.9 Hz, 1H), 9.75 (br. s., 2H}*C NMR (125 MHz,
DMSO-g) & ppm: 14.2, 21.5, 42.9, 45.2, 47.2, 124.4, 12729.4, 135.7, 138.8, 148.9, 150.0.
HRMS (ESI-TOF)m/zcalcd for GoH2aNs [M+H] " 322.2026, found 322.2024.

4.1.5.123-(3-Chlorobenzyl)-2-methyl-7-(piperazin-1-yl)-3htidazo[4,5-b]pyridine acetatél 2)
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Pale yellow solid, overall yield 35%); UHPLC-UV ptyi99.3% (220 nm); ); &H24CINsO,, MW
401.90.H NMR (500 MHz, DMSOds) 5 ppm: 1.84 (s, 3H), 2.39 (s, 3H), 2.80-2.85 (m,,B4J3—-
3.78 (m, 4H), 5.38 (s, 2H), 6.47 @= 5.7 Hz, 1H), 7.03-7.07 (m, 1H), 7.21 (s, 1H)8%#2.33 (m,
2H), 7.89 (dJ=5.7 Hz, 1H)*C NMR (125 MHz, DMSQdg) 5 ppm: 14.4, 22.1, 44.6, 45.8, 48.6,
102.5, 123.5, 126.0, 127.2, 128.0, 131.2, 133.8,314144.6, 147.4, 147.9, 149.5, 172.9. HRMS
(ESI-TOF):m/zcalcd for GgH,oCINs [M+H] *342.1480, found 342.1482.

4.1.5.133-[3-(Trifluoromethyl)benzyl]-2-methyl-7-(piperazinyl)-3H-imidazo[4,5-b]pyridine

trifluoroacetate(13)

White solid, overall yield 41%; UHPLC-UV purity 9% (220 nm); GH21FsNsO,, MW 489.42.

'H NMR (500 MHz, DMSOd6) & ppm: 2.66 (s, 3H), 3.55 (br. s., 4H), 4.88 (br.44), 5.78 (s,
2H), 6.99 (dJ = 7.5 Hz, 1H), 7.30—7.40 (m, 2H), 7.45 (dd; 8.5, 5.5 Hz, 2H), 8.20 (d,= 6.9 Hz,
1H), 9.99 (br. s., 2H):*C NMR (125 MHz, DMSQd6) § ppm: 15.2, 43.6, 45.9, 47.5, 117.3, 118.3,
131.8, 150.8, 163.2, 164.3, 166.7. 172.1, 173.0MBRESI-TOF): m/z calcd for GgHzoF3Ns
[M+H]*376.1744, found 376.1745.

4.1.5.143-(4-Fluorobenzyl)-2-methyl-7-(piperazin-1-yl)-3htidazo[4,5-b]pyridine hydrochloride
(14)

White solid, overall yield 36%; UHPLC-UV purity 96 (220 nm); GH2:CIFNs, MW 361.85*H
NMR (500 MHz, DMSO¢) 6 ppm: 2.47 (s, 3H), 3.25 (br. s., 4H), 4.35 (br.4$l), 5.69 (s, 2H),
6.93 (d,J=7.5 Hz, 1H), 7.10-7.20 (m, 2H), 7.26 (dd&; 8.6, 5.7 Hz, 2H), 8.11 (d,= 6.9 Hz, 1H),
9.78 (br. s., 2H)}*C NMR (125 MHz, DMSOds) & ppm: 14.2, 42.8, 45.1, 46.5, 116.2, 116.4,
129.8, 149.8, 161.3, 163.2, 164.5. (ESI-TOR)z calcd for GgHxoFNs [M+H]" 326.1776, found
326.1777.

4.1.5.153-Benzyl-2-ethyl-7-(piperazin-1-yl)-3H-imidazo[4¥pyridine hydrochloride(15)

White solid, overall yield 40%; UHPLC-UV purity 986 (220 nm); GH»4CINs, MW 357.89.*H
NMR (500 MHz, DMSOdg) & ppm: 1.15 (tJ = 7.5 Hz, 3H), 2.75 (q) = 7.5 Hz, 2H), 3.27 (br. s.,
4H), 4.39 (br. s., 4H), 5.67 (s, 2H), 6.92 Jd&; 7.5 Hz, 1H), 7.07-7.14 (m, 2H), 7.25-7.29 (m, ,1H)
7.29-7.35 (m, 2H), 8.11 (d,= 7.5 Hz, 1H), 9.59 (br. s., 2H}’C NMR (125 MHz, DMSOdg) 5
ppm: 11.5, 20.6, 42.9, 45.1, 46.7, 100.0, 103.0,.22128.5, 129.5, 136.2, 153.8. HRMS (ESI-
TOF): m/zcalcd for GgH23Ns [M+H] " 322.2026, found 322.2028.
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4.1.5.163-(2-Chlorobenzyl)-2-ethyl-7-(piperazin-1-yl)-3Hiaazo[4,5-b]pyridine  hydrochloride
(16)

Yellow solid, overall yield 38%; UHPLC-UV purity 98% (220 nm); ); @H23CIoNs, MW 392.33.
'H NMR (500 MHz, DMSOdg) & ppm 1.16 (tJ = 7.5 Hz, 3H), 2.69 (q] = 7.5 Hz, 2H), 2.81-2.88
(m, 4H), 3.76-3.83 (m, 4H), 5.43 (s, 2H), 6.39J¢,7.5 Hz, 1H), 6.47 (d] = 5.7 Hz, 1H), 7.16 (t,
J=7.5 Hz, 1H), 7.26 (tJ= 7.7 Hz, 1H), 7.49 (dJ= 8.0 Hz, 1H), 7.83 (dJ = 5.7 Hz, 1H).**C
NMR (125 MHz, DMSOsdg) & ppm 11.9, 20.8, 22.5, 42.9, 45.8, 102.6, 123.6,5,2128.2, 129.6,
130.0, 131.8, 135.0, 144.7, 147.6, 149.6, 152.3,2’HRMS (ESI-TOF)m/zcalcd for GoH,,CINs
[M+H] " 356.1636, found 356.1638.

4.1.5.173-(3-Fluorobenzyl)-2-ethyl-7-(piperazin-1-yl)-3H-imkazo[4,5-b]pyridine dihydrochloride
17)

White solid, overall yield 42 %, UHPLC-UV purity @ (220 nm); @H24CIl.FNs- H,O, MW
430.35."H NMR (500 MHz, DMSO€g) 5 ppm: 1.20 (tJ = 7.3 Hz, 3H), 2.79 (q] = 7.3 Hz, 2H),
3.29 (br. s., 4H), 4.45 (br. s., 4H), 5.79 (s, 26193—7.00 (m, 2H), 7.08 (dd,= 2.1, 9.9 Hz, 1H),
7.15 (dt,J= 2.3, 8.4 Hz, 1H), 7.40 (d§,= 6.0, 7.9 Hz, 1H), 8.14 (d,= 7.3 Hz, 1H), 9.86 (br. s.,
2H). 1°C NMR (125 MHz, DMSOds) 5 ppm: 10.9, 20.0, 42.3, 44.6, 45.9, 102.6,113.9 &122.0
Hz), 114.8 (d,J=21.0 Hz), 122.2 (d) = 2.9 Hz), 122.7, 131.0 (d,= 8.6 Hz), 136.1, 138.4 (d,
J=7.7 Hz), 141.9, 148.4, 153.3, 162.3 (s 245.0 Hz). HRMS (ESI-TOF)m/z calcd for
CagH2oFNs [M+H] ™ 340.1932, found 340.1935. Anal. calcd forldeCl.FNsO: C: 53.03, H: 6.09,
N: 16.27; Found C: 53.23, H: 5.69, N: 16.26.

4.1.5.183-(3-Chlorobenzyl)-2-ethyl-7-(piperazin-1-yl)-3Hiaazo[4,5-b]pyridine  hydrochloride
(18

White solid, overall yield 41%; UHPLC-UV purity &% (220 nm); GoH»3CloNs, MW 392.33'H
NMR (500 MHz, DMSOdg) & ppm: 1.16 (tJ= 7.5 Hz, 3H), 2.75 (q] = 7.5 Hz, 2H), 3.26 (br. s.,
4H), 4.43 (br. s., 4H), 5.77 (s, 2H), 6.95 Jd& 6.9 Hz, 1H), 7.04 (t) = 3.7 Hz, 1H), 7.29 (s, 1H),
7.31-7.42 (m, 2H), 8.11 (d,= 6.9 Hz, 1H), 9.87 (br. s., 2H)*C NMR (125 MHz, DMSOdg) &
ppm: 11.5, 20.6, 42.8, 45.2, 46.5, 103.1, 125.9,.3,2128.5, 131.4, 134.0, 138.6, 149.0, 153.8.
HRMS (ESI-TOF)m/zcalcd for GeH2oCINs [M+H]* 356.1736, found 356.1739.

4.1.5.193-(2,5-Difluorobenzyl)-2-ethyl-7-(piperazin-1-ylHamidazo[4,5-b]pyridine acetatél9)
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White solid, overall yield 35%; UHPLC-UV purity @38% (220 nm); GH2sFNsO,, MW 417.46.
'H NMR (500 MHz, DMSOdg) & ppm: 1.16 (tJ= 7.5 Hz, 3H), 1.84 (s, 3H), 2.75 @= 7.5 Hz,
2H), 3.25 (br. s., 4H), 4.39 (br. s., 4H), 5.75. @ar 2H), 6.91 (dJ = 4.01 Hz, 1H), 7.17-7.25 (m,
1H), 7.26-7.32 (m, 1H), 7.34 (d,=5.7 Hz, 1H), 8.09 (d) = 6.9 Hz, 1H).**C NMR (125 MHz,
DMSO-g) 6 ppm: 11.4, 20.5, 23.3, 41.8, 42.8, 45.1, 103.5.8,1116.0, 117.0, 117.9, 118.1,
122.7, 148.7, 153.7, 155.6, 157.6, 157.7, 159.8,dl HRMS (ESI-TOF)m/zcalcd for GgHz1F2Ns
[M+H] " 358.1838, found 358.1840.

4.1.5.203-(3,4-Difluorobenzyl)-2-ethyl-7-(piperazin-1-ylHamidazo[4,5-b]pyridine acetaté0)

White solid, overall yield 35%; UHPLC-UV purity 3% (220 nm); GH2sFoNsO,, MW 417.46.
'H NMR (500 MHz, DMSO€g) & ppm: 1.15 (tJ = 7.7 Hz, 3H), 1.85 (s, 3H), 2.73 @= 7.5 Hz,
2H), 2.80-2.86 (m, 4H), 3.72-3.81 (m, 4H), 5.362(4), 6.47 (dJ=5.7 Hz, 1H), 6.87-6.94 (m,
1H), 7.24 (ddJ=10.9, 8.6 Hz, 1H), 7.29-7.36 (m, 1H), 7.89 J& 5.7 Hz, 1H).*C NMR (125
MHz, DMSO-dg) 6 ppm: 12.0, 20.8, 22.1, 43.9, 45.7, 48.6, 102.5,8,1118.3, 118.4, 123.5, 124.2,
135.8, 144.7, 147.5, 148.8, 149.6, 150.3, 150.2,A5173.0. HRMS (ESI-TOF)M/z calcd for
CioH21F2Ns [M+H] " 358.1838, found 358.1841.

4.1.5.213-(2-Fluorobenzyl)-2-isopropyl-7-(piperazin-1-yIHdmidazo[4,5-b]pyridine
hydrochloride(21)

White solid, overall yield 30%; UHPLC-UV purity 9% (220 nm); GoHosCIFNs, MW 389.90.'H
NMR (500 MHz, DMSO#dg) & ppm: 1.10 (d,J = 6.9 Hz, 6H), 3.08-3.19 (m, 1H), 3.27 (br. s., 4H)
4.44 (br. s., 4H), 5.82 (s, 2H), 5.66-5.92 (m, 24¥8-7.02 (m, 2H), 7.13 @,= 7.5 Hz, 1H), 7.18-
7.27 (m, 1H), 7.30-7.41 (m, 1H), 8.12 (& 6.9 Hz, 1H), 9.82 (br. s., 2HY’C NMR (125 MHz,
DMSO-ds) 6 ppm: 21.8, 26.3, 42.2, 42.2, 42.8, 45.1, 102.%.112, 116.4, 122.8, 123.3, 123.4,
125.4, 125.4, 129.0, 129.1, 130.8, 130.9, 149.7,415.59.4, 161.4. HRMS (ESI-TOR)/z calcd
for CooH24FNs [M+H] " 354.2089, found 354.2090.

4.1.5.223-(3-Fluorobenzyl)-2-isopropyl-7-(piperazin-1-ylIHdmidazo[4,5-b]pyridine
hydrochloride(22)

White solid, overall yield 34%, UHPLC-UV purity 386 (220 nm); GoH2sCIFNs, MW 389.90.*H
NMR (500 MHz, DMSOe¢k) 6 ppm: 1.17 (d,J = 6.5 Hz, 6H), 3.12-3.24 (m, 1H), 3.30 (br. s.)4H
4.47 (br. s., 4H), 5.83 (s, 2H), 6.91 §d5 7.5 Hz, 1H), 6.97 (d] = 7.0 Hz, 1H), 7.06 (d] = 9.9 Hz,
1 H), 7.10-7.20 (m, 1 H), 7.33-7.46 (& 7.1, 7.1, 7.1 Hz, 1H), 8.13 (@= 6.7 Hz, 1H), 9.89 (br.

s., 2H).**C NMR (125 MHz, DMSOdg) & ppm: 21.3, 25.8, 42.3, 44.6, 45.9, 102.5, 113,7 (d
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J=21.0 Hz), 114.8 (d] = 21.0 Hz), 122.4, 122.5, 131.0 @z 10.1 Hz), 135.9, 138.7 (d,= 7.7
Hz), 141.5, 148.6, 156.8, 162.2 (@= 246 Hz). HRMS (ESI-TOF)m/z calcd for GoHzsFNs
[M+H] * 354.2089, found 354.2093.

4.1.5.233-(3-Chlorobenzyl)-2-isopropyl-7-(piperazin-1-yliHddmidazo[4,5-b]pyridine
hydrochloride(23)

White solid, overall yield 33%, UHPLC-UV purity 3 (220 nm); GoHsCloNs, MW 406.36.*H
NMR (400 MHz, DMSOes) 5 ppm: 1.17 (d,J = 6.7 Hz, 6H), 3.19 (td) = 6.7, 13.5 Hz, 1H), 3.30
(br. s., 4H), 4.47 (br. s., 4H), 5.83 (s, 2H), 6(87) = 7.3 Hz, 1H), 7.00-7.05 (m, 1H), 7.31 (s, 1H),
7.35-7.40 (m, 2H), 8.13 (d,= 6.7 Hz, 1H), 9.90 (br. s., 2HYC NMR (101 MHz, DMSOdg) 5
ppm: 21.5, 26.0, 42.5, 44.8, 46.0, 102.7, 122.6.4,2126.9, 128.1, 131.0, 133.6, 136.2, 138.6,
141.6, 148.8, 157.0. HRMS (ESI-TOFn/z calcd for GgH.4CINs [M+H]® 370.1793, found
370.1794.

4.1.5.243-(3-Methoxybenzyl)-2-isopropyl-7-(piperazin-1-$h-imidazo[4,5-b]pyridine  acetate
(24)

White solid, overall yield 38%; UHPLC-UV purity 96 (220 nm); GsH3:NsO3, MW 425.53.*H
NMR (400 MHz, DMSO¢k) 6 ppm: 1.14 (dJ= 6.6 Hz, 6H), 1.83 (s, 3H), 2.86 (br. s., 4H),73:0
3.16 (m, 1H), 3.64 (s, 3H), 3.78 (@= 4.1 Hz, 4H), 5.38 (s, 2H), 6.47 (@= 5.7 Hz, 1H), 6.57 (d,
J=7.8 Hz, 1H), 6.67-6.71 (m, 1H), 6.78 (dds 8.2, 2.5 Hz, 1H), 7.17 (§,= 8.0 Hz, 1H), 7.89 (d,
J=5.7 Hz, 1H).°C NMR (125 MHz, DMSOds) & ppm 22.0, 26.5, 31.2, 44.7, 45.5, 48.5, 55.5,
102.5, 112.9, 113.2, 119.1, 126.6, 130.3, 139.8,615147.5, 149.5, 155.9, 159.9, 173.2. HRMS
(ESI-TOF):m/zcalcd for GiH,7NsO [M+H]" 366.2288, found 366.2290.

4.1.5.253-(4-Fluorobenzyl)-2-isopropyl-7-(piperazin-1-ylIHdmidazo[4,5-b]pyridine
hydrochloride(25)

White solid, overall yield 32%; UHPLC-UV purity 9% (220 nm); GoH2sCIFNs, MW 389.90.*H
NMR (500 MHz, DMSOdg) & ppm: 1.13 (dJ = 6.9 Hz, 6H), 3.12-3.21 (m, 1H), 3.26 (br. s., 4H)
4.43 (br. s., 4H), 5.76 (s, 2H), 6.94 (ds 6.9 Hz, 1H), 7.09-7.23 (m, 4H), 8.10 {ds 6.9 Hz, 1H),
9.83 (br. s., 2H)**C NMR (125 MHz, DMSOdg) & ppm: 21.8, 26.4, 42.8, 45.1, 46.3, 102.9, 116.2,
116.3, 122.9, 129.4, 129.5, 132.7, 157.4, 161.3,216170.2, 171.1. HRMS (ESI-TORy/z calcd

for CaoH24FNs [M+H]* 354.2089, found 354.2092.
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4.1.5.263-(4-Chlorobenzyl)-2-isopropyl-7-(piperazin-1-ylddmidazo[4,5-b]pyridine
hydrochloride(26)

White solid, overall yield 38%; UHPLC-UV purity 9% (220 nm); GoH2sCloNs, MW 406.36.*H
NMR (500 MHz, DMSO#€s) 5 ppm: 1.13 (dJ = 6.3 Hz, 6H), 3.04-3.21 (m, 1H), 3.27 (br. s., 4H)
4.42 (br. s., 4H), 5.76 (s, 2H), 6.93 (&= 6.9 Hz, 1H), 7.12 (d] = 8.0 Hz, 2H), 7.32-7.44 (m, 2H),
8.03-8.15 (m, 1H), 9.77 (br. s., 2H5C NMR (125 MHz, DMSOdg) 5 ppm: 21.8, 26.3, 42.8, 45.1,
46.2, 103.0, 122.9, 129.0, 129.4, 133.0, 135.5,3157RMS (ESI-TOF)m/zcalcd for GgH24CINs
[M+H] * 370.1793, found 370.1796.

4.1.5.273-(2-Chlorobenzyl)-2-(pentan-3-yl)-7-(piperazin-)-$H-imidazo[4,5-b]pyridine acetate
(27)

Yellow solid, overall yield 35%; UHPLC-UV purity 92% (220 nm); @H3,CINsO,, MW 458.00.

'H NMR (500 MHz, DMSOds) 5 ppm: 0.60-0.65 (m, 6H), 1.51-1.60 (m, 2H), 1.6T21m, 2H),
1.82 (s, 3H), 2.62 (s, 1H), 2.90 (br. s., 4H), 3(84J = 3.4 Hz, 4H), 5.46 (s, 2H), 6.50 (@= 5.7
Hz, 2H), 7.14 (tdJ= 7.5, 1.2 Hz, 1H), 7.25 (td,= 7.7, 1.7 Hz, 1H), 7.46-7.50 (m, 1H), 7.87 (d,
J=5.7 Hz, 1H).**C NMR (125 MHz, DMSOdg) & ppm: 12.1, 22.5, 27.1, 42.5, 45.1, 48.1, 102.7,
123.9, 128.0, 128.2, 129.7, 129.9, 131.8, 135.2,614147.3, 149.3, 154.1, 173.3. HRMS (ESI-
TOF): m/zcalcd for GoH,sCINs [M+H]*398.2106, found 398.21009.

4.1.5.283-(3-Chlorobenzyl)-2-(pentan-3-yl)-7-(piperazin-)-$H-imidazo[4,5-b] pyridine
hydrochloride(28)

Yellow solid, overall yield 34%; UHPLC-UV purity 98% (220 nm); GH3,CINsO,, MW 458.00.
'H NMR (500 MHz, DMSOdg) 8 ppm: 0.61 (tJ = 7.5 Hz, 6H), 0.99 (d] = 6.3 Hz, 1H), 1.49-1.67
(m, 4H), 2.74-2.83 (m, 1H), 3.26 (br. s., 4H), 3(&#J = 12.3, 6.3 Hz, 1H), 4.44 (br. s., 4H), 5.74—
5.83 (m, 2H), 6.95 (d] = 6.9 Hz, 1H), 7.01-7.09 (m, 1H), 7.30 (s, 1H),1%8.37 (m, 2H), 8.12 (d,
J=7.5 Hz, 1H), 9.81 (br. s., 2H)°C NMR (125 MHz, DMSQdg) & ppm: 11.9, 26.0, 27.2, 42.8,
45.1, 46.3, 103.0, 123.2, 126.1, 127.4, 128.5,2,3133.9, 139.0, 149.1, 155.7. HRMS (ESI-TOF):
m/zcalcd for GoH2sCINs [M+H] * 398.2106, found 398.2108.

4.1.5.293-(3-Methylbenzyl)-2-(pentan-3-yl)-7-(piperazin{)-yH-imidazo[4,5-b] pyridine
hydrochloride(29)

White solid, overall yield 40%; UHPLC-UV purity 8% (220 nm); GsH3,CINs, MW 413.99.*H
NMR (500 MHz, DMSO¢g) § ppm: 0.60 (tJ = 7.5 Hz, 6H), 1.43-1.69 (m, 4H), 2.21 (s, 3H),22.7
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2.84 (m, 1H), 3.27 (br. s., 4H), 4.45 (@i 1.7 Hz, 4H), 5.71 (s, 2H), 6.87 (d= 7.5 Hz, 1H),
6.92—7.00 (m, 2H), 7.08 (d,= 7.5 Hz, 1H), 7.12—7.23 (m, 1H), 8.12 (&5 6.9 Hz, 1H), 9.82 (br.
s., 2H).**C NMR (125 MHz, DMSOdg) & ppm: 11.8, 21.5, 27.1, 42.8, 45.1, 47.0, 102.9,.4,2
127.9, 129.1, 129.2, 136.3, 138.5, 155.9. HRMS {B3F): m/z calcd for GaHzNs [M+H]"

378.2652, found 378.2655.

4.1.5.303-(3-Methylbenzyl)-2-neopentyl-7-(piperazin-1-yH-Bnidazo[4,5-b]pyridine
hydrochloride(30)

White solid, overall yield 38%; UHPLC-UV purity 9% (220 nm); GsH3,CINs, MW 413.99.*H
NMR (500 MHz, DMSO¢dg) & ppm: 0.94 (s, 9H), 2.21 (s, 3H), 2.67 (s, 2H)738r. s., 4H), 4.46
(br. s., 4H), 5.72 (s, 2H), 6.82 (d= 7.5 Hz, 1H), 6.89-7.00 (m, 2H), 7.07 (s 7.5 Hz, 1H),
7.13-7.22 (m, 1H), 8.10 (d,= 6.9 Hz, 1H), 9.86 (br. s., 2H)*C NMR (125 MHz, DMSOdg) &
ppm: 21.5, 29.7, 32.8, 42.8, 45.1, 47.1, 102.9,.9,2224.2, 127.8, 129.1, 129.3, 136.1, 138.6,
151.1. HRMS (ESI-TOF)m/zcalcd for GsHs:Ns [M+H] * 378.2652, found 378.2654.

4.1.5.313-(3-Methoxybenzyl)-2-neopentyl-7-(piperazin-13H-imidazo[4,5-b]pyridine  acetate
(31)

White solid, overall yield 42%; UHPLC-UV purity 9 (220 nm); GsH3sNsOs, MW 453.59.*H
NMR (500 MHz, DMSOedg) & ppm: 0.94 (s, 9H), 1.80 (s, 3H), 2.61 (s, 2H)42(8r. s., 4H), 3.64
(s, 3H), 3.80 (br. s., 4H), 5.38 (s, 2H), 6.460&; 5.7 Hz, 1H), 6.57 (d) = 8.0 Hz, 1H), 6.67 (s,
1H), 6.77 (ddJ=8.3, 2.6 Hz, 1H), 7.16 (1= 7.7 Hz, 1H), 7.88 (d) = 5.7 Hz, 1H)."*C NMR
(125 MHz, DMSO¢ds) & ppm: 22.8, 29.9, 32.6, 45.0, 45.7, 48.6, 55.5,4,012.9, 113.3, 119.2,
123.7, 130.3, 139.7, 144.6, 147.3, 149.2, 149.9,915172.8. HRMS (ESI-TOF)n/z calcd for
Co3H31NsO [M+H]*394.2601, found 394.2603.

4.1.5.323-(3-Chlorobenzyl)-2-(thiophen-2-yl)-7-(piperazinyl)-3H-imidazo[4,5-b]pyridine
acetate(32)

Pale yellow solid, overall yield 35%,; UHPLC-UV jityr 99.2% (220 nm); &H24CINs0.S, MW
469.99.'H NMR (500 MHz, DMSOds) § ppm: 1.80 (s, 3H), 3.04 (br. s., 4H), 3.98 (br4si), 5.67

(s, 2H), 6.39 (dJ = 7.5 Hz, 1H), 6.61 (d) = 5.7 Hz, 1H), 7.07-7.12 (m, 1H), 7.15Jt 7.7 Hz,
1H), 7.22 (dJ = 3.4 Hz, 1H), 7.28 () = 7.7 Hz, 1H), 7.54 (d] = 8.0 Hz, 1H), 7.70 (d] = 5.2 Hz,
1H), 7.94 (dJ = 5.7 Hz, 1H)*C NMR (125 MHz, DMSOdg) & ppm: 21.7, 44.6, 44.7, 47.2, 103.4,
124.2, 127.0, 127.7, 128.3, 128.9, 129.7, 130.0,23131.6, 132.3, 134.5, 143.7, 145.9, 147.2,

150.1, 172.6. HRMS (ESI-TOFM/zcalcd for GiHaCINsS [M+H]* 410.1201, found 410.1205.
30



4.1.5.333-(3-Fluorobenzyl)-2-(4-fluorophenyl)-7-(piperazlnyl)-3H-imidazo[4,5-b] pyridine
hydrochloride(33)

White solid, overall yield 36 %; UHPLC-UV purity 9% (220 nm); GsH2:CIF:Ns, MW
441.91'H NMR (500 MHz, DMSOdg) & ppm: 3.30 (br. s., 4H), 4.47 (br. s., 4H), 5.822(d), 6.75
(d,J=7.8 Hz, 1H), 6.88 (d] = 9.9 Hz, 1H), 7.00 (d] = 6.7 Hz, 1H), 7.08 (dt] = 2.6, 8.6 Hz, 1H),
7.30 (dt,J = 6.0, 7.9 Hz, 1H), 7.35-7.42 (m, 2H), 7.72—7.#9 2H), 8.19 (dJ = 7.3 Hz, 1H), 9.82
(br. s., 2H)*C NMR (125 MHz, DMSOdg) 5 ppm: 42.3, 44.6, 47.1, 102.8, 113.6 J& 23.0 Hz),
114.7 (d,J = 21.0 Hz), 116.1 (d) = 22.0 Hz), 122.4 (d) = 2.9 Hz), 123.1, 125.1 (d,= 3.0 Hz),
130.9, 131.0, 131.6 (d,= 8.6 Hz), 138.5, 138.6, 148.6, 148.7, 162.2)(d,244.0 Hz), 163.3 (d,
J = 249.0 Hz). HRMS (ESI-TOF)n/zcalcd for GaHz1FoNs [M+H] * 406.1838, found 406.1840.

4.1.5.343-(3-Fluorophenethyl)-7-(piperazin-1-yl)-3H-imid44¢b-b]pyridine hydrochloridg34)

White solid, overall yield 31 %, UHPLC-UV purity 986 (220 nm); GH21CIFNs, MW 361.85.
'H NMR (500 MHz, DMSO€g) 3 ppm: 3.15 (tJ = 7.5 Hz, 2H), 3.25 (br. s., 4H), 4.24 —4.63 (m,
4H), 4.65-4.71 (m, 2H), 6.95 (d= 6.9 Hz, 1H), 7.01 (td] = 8.6, 2.3 Hz, 1H), 7.10 (d,= 7.5 Hz,
1H), 7.21-7.32 (m, 2H), 8.16 (d,= 6.9 Hz, 1H), 8.31 (s, 1H), 9.81 (br. s., 2AC NMR (125
MHz, DMSO-s) 0 ppm: 35.4, 42.8, 45.1, 46.3, 102.4, 114.0, 1141%.3, 116.5, 123.8, 125.8,
130.8, 130.8, 136.2, 140.7, 140.7, 141.6, 150.0,716163.6. HRMS (ESI-TOF)/z calcd for
CigH20FNs [M+H] " 326.1776, found 326.1777.

4.1.5.353-(3-Chlorophenethyl)-7-(piperazin-1-yl)-3H-imidd4¢b-b] pyridine hydrochloride(35)

White solid, overall yield 35 %; UHPLC-UV purity 36 (220 nm); @H-:ClL.Ns, MW 378.30.*H
NMR (500 MHz, DMSO#ds) & ppm: 3.13 (tJ= 7.7 Hz, 2H), 3.25 (br. s., 4H), 4.11-4.59 (m, AH)
4.65 (t,J=7.5 Hz, 2H), 6.92 (d) = 6.9 Hz, 1H), 7.14-7.34 (m, 3H), 7.42 (s, 1H),53(dl,J = 6.9
Hz, 1H), 8.30 (s, 1H), 9.77 (br. s., 2HJC NMR (125 MHz, DMSOdg) & ppm: 35.3, 42.8, 45.1,
45.1, 46.1, 102.5, 123.9, 127.2, 128.3, 129.5,8,3083.5, 140.5, 141.6. HRMS (ESI-TOR)/z
calcd for GgH20CINs [M+H] " 342.1480, found 342.1484.

4.1.5.363-(3-Chlorophenethyl)-2-methyl-7-(piperazin-1-ybémidazo[4,5-b]pyridine
hydrochloride(36)

White solid, overall yield 38 %; UHPLC-UV purity @ (220 nm); @H»3sClL.Ns, MW 392.33H
NMR (500 MHz, DMSO#) 6 ppm: 2.38 (s, 3H), 3.04 (s, 2H), 3.25 (br. s., 4)7-4.53 (m, 4H),
457 (s, 2H), 6.86—6.94 (m, 1H), 7.17-7.24 (m, 1HR4-7.32 (m, 2H), 7.40 (s, 1H), 8.09 (d,
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J=6.9 Hz, 1H).13C NMR (125 MHz, DMSOdg) 6 ppm: 13.7, 34.7, 42.8, 45.1, 45.3, 127.3, 128.5,
129.7, 130.8, 133.5, 140.5, 149.8. HRMS (ESI-TO®/k calcd for GoH2.CINs [M+H] " 356.1636,
found 356.1633.

4.1.5.373-(3-Fluorophenethyl)-2-ethyl-7-(piperazin-1-yl)-dmidazo[4,5-b] pyridine
hydrochloride(37)

White solid, overall yield 30 %; UHPLC-UV purity 9% (220 nm); GH2sCIFNs, MW 389.90.

'H NMR (500 MHz, DMSO¢g) & ppm: 1.20 (tJ = 7.5 Hz, 3H), 2.67 (q) = 7.5 Hz, 2H), 3.05 (t,
J=7.5Hz, 2H), 3.25 (br. s., 4H), 4.41 (br. s., A4HB8 (t,J = 7.7 Hz, 2H), 6.92 (d] = 7.5 Hz, 1H),
6.98-7.05 (m, 1H), 7.07 (d,= 8.0 Hz, 1H), 7.22 (d] = 9.7 Hz, 1H), 7.28 (td] = 7.7, 6.3 Hz, 1H),
8.09 (d,J = 7.5 Hz, 1H), 9.75 (br. s., 2HYC NMR (125 MHz, DMSOdg) & ppm: 11.4, 20.0, 34.9,
41.0, 42.8, 45.1, 102.8, 114.0, 114.2, 116.5, 1182%.9, 130.8, 130.8, 140.7, 140.8, 153.8, 161.7,
163.6. HRMS (ESI-TOF)m/zcalcd for GoH24FNs [M+H] " 354.2089, found 354.2090.

4.1.5.383-(3-Chlorophenethyl)-2-ethyl-7-(piperazin-1-yl)-diMidazo[4,5-b]pyridine
hydrochloride(38)

White solid, overall yield 32%, UHPLC-UV purity % (220 nm); GH2sCl,Ns, MW 406.36.*H
NMR (500 MHz, DMSOdg) & ppm: 1.20 (tJ = 7.5 Hz, 3H), 2.69 (gJ = 7.5 Hz, 2H), 3.03 (,
J=7.5 Hz, 2H), 3.25 (br. s., 4H), 4.16-4.52 (m, A#HP6 (t,J= 7.5 Hz, 2H), 6.90 (dJ = 7.5 Hz,
1H), 7.19-7.24 (m, 1H), 7.24-7.30 (m, 2H), 7.391¢3), 8.08 (d,) = 6.9 Hz, 1H), 9.74 (br. s., 2H).
3%C NMR (125 MHz, DMSOds) & ppm: 11.4, 20.1, 34.8, 41.0, 42.8, 44.9, 45.1,.80227.3,
128.5, 129.6, 130.7, 133.5, 140.5, 153.7. HRMS {ESF): m/z calcd for GgH24CINs [M+H]*
370.179, found 370.1794.

4.1.5.393-(3-Chlorophenethyl)-2-isopropyl-7-(piperazin-1-8H-imidazo[4,5-b]pyridine
hydrochloride(39)

Yellow solid, overall yield 34 %; UHPLC-UV purity84% (220 nm); ¢H»,CloNs, MW 420.38.
'H NMR (500 MHz, DMSOds) & ppm: 1.03—-1.22 (m, 6H), 2.97 (dt= 13.8, 6.9 Hz, 1H), 3.04 (t,
J=7.5Hz, 2H), 3.25 (br. s., 4H), 4.40 (b5 1.7 Hz, 4H), 4.58 () = 7.2 Hz, 2H), 6.91 (d] = 6.9
Hz, 1H), 7.14-7.19 (m, 1H), 7.22-7.28 (m, 2H), 7(821H), 8.10 (dJ = 6.9 Hz, 1H), 9.70 (br. s.,
2H). 1*C NMR (125 MHz, DMSOds) 5 ppm: 21.8, 26.1, 35.1, 42.8, 44.8, 45.2, 102.8,1,2127.3,
128.5, 129.6, 130.8, 133.6, 140.4, 157.3. HRMS {BSF): m/z calcd for G;H-CINs [M+H]*
384.1950, found 384.1951.
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4.2. In vitro pharmacology

4.2.1. Radioligand binding assays

All the experiments were carried out accordingh® previously published procedures [27-30],
using [H]-8-OH-DPAT (135.2 Ci/mmol), [H]-Ketanserin (53.4 Ci/mmol), °H]-LSD
(83.6 Ci/mmol), fH]-5-CT (80.1 Ci/mmol) and>H]-Raclopride (76.0 Ci/mmol) for 5-HF, 5-
HT2a, 5-HTs, 5-HT7g and D, respectively. Non-specific binding is definedwitO uM of 5-HT in
5-HT1aR and 5-HTR binding experiments, whereas 10 puM of chlorpramgz 10 pM of
methiothepine or 10 pM of haloperidol were used 5#HT,sR, 5-HTsR and DB assays,
respectively. Each compound was tested in trigicat 7—8 concentrations (16-10* M). The
inhibition constantsK;) were calculated from the Cheng-Prusoff equatii.[

HEK293 cells with stable expression of human senoté-HT; AR, 5-HTsR, 5-HT;,R or dopamine
D, R (all prepared with the use of Lipofectamine 20@@ye maintained at 37 °C in a humidified
atmosphere with 5% CGCand were grown in Dulbeco’s Modifier Eagle Mediwontaining 10%
dialysed foetal bovine serum and 500 mg/mL G41®Mate. For membranes preparations, cells
were subcultured in 150 énflasks, grown to 90% confluence, washed twice pitewarmed to
37°C phosphate buffered saline (PBS) and were tpdlldy centrifugation (200 g) in PBS
containing 0.1 mM EDTA and 1 mM dithiothreitol. Brito membrane preparations pellets were
stored at —80°C. CHO-K1 cells with stable exprassibhuman serotonin 5-HAR were purchased
from PerkinElmer BioSignal Inc and were maintaiaedording to manufacturer’s protocol.

Cell pellets were thawed and homogenized in 20mekiof assay buffer using an Ultra Turrax
tissue homogenizer and centrifuged twice at 35¢@@fF 20 min at 4°C, with incubation for 15 min
at 37°C in between. The composition of the assdfetsuwas as follows: for 5-HER: 50 mM
Tris—HCI, 0.1 mM EDTA, 4 mM MgGl 10 puM pargyline and 0.1% ascorbate; for 5:kR: 50
mM Tris—HCI, 0.1 mM EDTA, 4 mM MgGCland 0.1% ascorbate; for 5-ER: 50 mM Tris—HCl,
0.5 mM EDTA and 4 mM MgGl for 5-HT7,R: 50 mM Tris—HCI, 4 mM MgGl 10 uM pargyline
and 0.1% ascorbate; for dopaming ® 50 mM Tris—HCI, 1 mM EDTA, 4 mM MgGJ 120 mM
NaCl, 5 mM KCI, 1.5 mM CaGland 0.1% ascorbate.

All assays were incubated in a total volume of Q0In 96-well microtitre plates for 1 h at
37°C, except for 5-HIW\R and 5-HFAR which were incubated at room temperature forahd
1.5 h, respectively. The process of equilibratisriegrminated by rapid filtration through Unifilter
plates with a 96-well cell harvester and radioativetained on the filters was quantified on a

Microbeta plate reader.
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Additionally, the percentage of inhibition for cooynd 17 for adrenergiawiR, dopaminergic
D3Rs, histamine Hand HRs, muscarinic M hERG potassium channel as well as for monoamine
transporter SERT, were evaluated at Eurofins Caceprding to experimental conditions described

online at www.cerep.fr.

4.2.2. Determination of cCAMP production as 5-kR constitutive activity

cAMP measurement was performed in NG108-15 cedlasiently expressing 5-HR using the
bioluminescence resonance energy transfer (BREA§osefor cAMP, CAMYEL (cCAMP sensor
using YFP-Epac-RLuc) [31]. NG108-15 cells were @msfected in suspension with 5-¢RTand
CAMYEL constructs, using Lipofectamine 2000, ac@ogdto the manufacturer’'s protocol, and
plated in white 96-well plates (Greiner), at a dgnsf 80 000 cells per well. Twenty-four h after
transfection, cells were washed with PBS contairgatgium and magnesium. Coelanterazine H
(Molecular Probes) was added at a final conceotmati 5uM, and left at room temperature for 5
min. BRET was measured using a Mithras LB 940 plegader (Berthold Technologies).
Expression of 5-HgR in NG-108-15 cells induced a strong decrease AMEEL BRET signal,
compared with cells transfected with an empty vetistead of the plasmid encoding the 5RT
This decrease in CAMYEL BRET signal was thus usedraindex of 5-HJR constitutive activity
at Gs signaling.

4.3. In vitro evaluation of Cdk5 protein kinaseiaity

NG108-15 cells were grown in Dulbecco’s modifiedgedss medium (DMEM) supplemented with
10% dialyzed foetal calf serum, 2% hypoxanthinefapterin/thymidine (Life technologies), and
antibiotics. Cells were transfected with plasmidsagling either cytosolic GFP or a GFP-tagged 5-
HTes receptor in suspension using Lipofectamine 200ie (kechnologies) and plated on glass
coverslips. Six hours after transfection, cellsevigeated with either DMSO (control), or compound
17 or intepirdine (1uM) for 24 h. Cells were fixed in 4% paraformaldebydFA) supplemented
with 4% sucrose for 10 min. PFA fluorescence wasnghed by incubating the cells in PBS
containing 0,1M Glycine, prior to mounting in Protp Gold antifade reagent (Thermo Fisher
Scientific). Cells were imaged using an Axiolmadendicroscope equipped with epifluorescence
(Zeiss), using a 20 X objective for cultured celigl neurite length was assessed using the Neuron J

plugin of the ImageJ software (NIH).

4.4. In vitro evaluation of interaction with cytochrorfd50
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The evaluation of the influence of tested compolindn cytochrome P-450 isoforms activity was
performed using luminescence assay basing on theecsion of luciferin derivatives into D-
luciferin by recombinant CYPs. The luminescent CXB3P450-GloTM and CYP2D6 P450-
GloTM assays and protocols were provided by Pronteigaison, WI, USA) (Cali JJ, Ma D, Sobol
M, et al. Luminogenic cytochrome P450 assays. BExPgin Drug Metab Toxicol. 2006;2:629—
645). The reference drugs ketoconazole and qumidvere obtained from Sigma-Aldrich (St.
Louis, USA). The enzymatic reactions were perfornmednhite polystyrene, flat-bottom NuncTM
MicroWellTM 96-Well Microplates (Thermo ScientifiéV/altham, MA USA). The luminescence
signal was measured with a microplate reader ininastence mode (EnSpire, PerkinElmer,
Waltham, MA USA). The cytochrome P-450 isoform 3&42D6 were incubated for two hour in
the presence of examined compounds and luciferinatave, specific for particular CYP isoform.
After addition of the firefly luciferase, the amduwf light produced in bioluminescent reaction will
be proportional to the amount of D-luciferin ob&dnin CYP-catalyzed reaction allowing to assess
the effect of examined compound on CYPs activithe TIC50 value of the reference drug
ketoconazole was determinate and calculated asteeppreviously [32]. The IC50 value of the
reference drug quinidine was determined accordinthé manufacturer's recommendations at the
final concentrations of quinidine 0.1-100 nM. Theaf concentrations of tested compound were
similar for both CYP3A4 and 2D6 assays and werenf@025 uM to 25 pM. The IC50 values
were calculated as the measurement of inhibitidenmy of tested compounds and then compared

with reference inhibitors of each CYP’s isoform.

4.5. In vitro metabolic stability studies

Test compound incubation (10 uM) with RLM (0.2 mgjmvas performed in 100 mM potassium
phosphate buffer (PB), pH 7.4, at 37°C for 15 mim ifinal reaction mixture volume of 150 pl. The
reaction was initiated by the addition of an NADRHenerating system (NADP, glucose-6-
phosphate, glucose-6-phosphate dehydrogenase imiD@B, pH 7.4) to the incubation mixture.
The blank probe without the NADPH — regeneratingteiyn was performed in parallel [33,34].
Subsequently, the samples were incubated at 3#°€, b5, 30 min with gentle shaking. Next, an
internal standard (pentoxiphylline, 5 puM) was addBEtke reaction was terminated at different time
points with perchloric acid (69-72%, by volume).efeafter, all samples were centrifuged and the
supernatant was analyzed using UPLC/MS in ordetetermine the quantity of starting material

left in solution. All samples were prepared in dcgie.
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The in vitro half-time () for test compounds was determined from the slopehe linear
regression of In % parent compound remaining vemsagbation time. The calculateg,twas
incorporated into the following equation to obtaitrinsic clearance (Gl) = (volume of incubation
[mI]/ protein in the incubation [kg]) x 0.6934

4.6.Preliminary in vivo pharmacokinetic experiments

The care, use of the animals and the experiment&bgpls was approved by the Local Bioethical
Committee in Biatystok. Pharmacokinetic experimesats carried out on male Wistar rats, 229 —
272 g (Center for Experimental Medicine, Universif Bialystok, Bialystok, Poland). Before the
experiment, rats were deprived of food for 16 ho(wster ad libitum) before and 4 h after
administration. The compound formulated in wates\administered orally in a dose of 10 mg/kg
b.w. Total of 24 animals (4 per timepoint)were utwdeach sampling timepoint at 15 min, 30 min,
1h, 2h, 4h and 8h after administration. Blood waldected by cardiac puncture and subsequently
brains were removed. Blood samples were collecteth W3EDTA as anticoagulant and
centrifuged (3000g, 15 min, 4°C). The obtained tlgiasma was separated and storec?@tC
until used for analysis. Subsequently, brains wenmsoved, washed with cold saline, homogenized
in water (3ml/1 mg of brain tissue) and stored81°€ until used for analysis. Blood and brain
samples were analysed by liquid chromatography-et@nanass spectrometry systems: Agilent
Technologies 6460 Triple Quad and LC/MS Sciex QH®%300, respectively.

4.7.In vitro anti-mutagenicity assay (Ames test)

Ames microplate fluctuation protocol (MPF) assaysvpeerformed with Salmonella typhimurium
strains TA98 and TA100, enabling the detection othb frame shift and base substitution
mutations, respectively. Bacterial strains as w&elexposure and indicator medium were purchased
from Xenometrix AG (Allschwil, Switzerland). The rragenic potential of tested compound was
evaluated by incubation of bacteria, incapablerofipcing histidine, with particular concentration
of test compounds for 90 min in exposure mediummtaiaing limited amount of histidine. The
occurrence of reversion events to histidine profuty was observed as a growth of bacteria in the
indicator medium without histidine after 48 h otifation in room temperature. Bacterial growth
in 384-well plates was visualized by color changenedium from violet to yellow due to addition

of pH indicator dye. Compound was classified asagenic, if the fold increase in number of

positive wells over the solvent control baselinBBjfwas greater than 2.0. The FIB was determined
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by dividing the mean number of revertants for st@mpound by the solvent control baseline. The
solvent control baseline was defined as the meambeu of positive wells in the negative control
sample, increased by one standard deviation (SIMSO was used as a negative and 4-

nitroquinoline N-oxide (NQNO) as positive controlperformed experiments.

4.8.1n vivo behavioral evaluation

The experiments were performed according to theiqusly reported procedures [35], and were
conducted in accordance with the NIH Guide for@aee and Use of Laboratory Animals and were
approved by the Ethics Committee for Animal Expenms, Institute of Pharmacology. Male
Sprague—Dawley rats (Charles River, Germany) wagyhil50 g at the arrival were housed in the
standard laboratory cages, under standard colo®/ ¢@ntrolled conditions: room temperature
21 £ 2°C, humidity (40-50 %), 12-hr light/dark ogdllights on: 06:00) with ad libitum access to
food and water. Rats were allowed to acclimatize db least 7 days before the start of the
experimental procedure. During this week animalseweandled for at least 3 times. Behavioral
testing was carried out during the light phaseheflight/dark cycle. At least 1 h before the stdrt
the experiment, rats were transferred to the exygrial room for acclimatiofRats were tested in a
dimly lit (25 Ix) “open field” apparatus made ofdalll gray plastic (66 x 56 x 30 cm). After each

measurement, the floor was cleaned and dried.

4.8.1. Drug treatment

Phencyclidine, scopolamine and intepirdine (SB-B#J4were obtained from Sigma—Aldrich
(Poznan, Poland) while donepezil from Abcam, (URhencyclidine and scopolamine, used to
attenuate learning, were solubilized in distilledt@&r and were administered at the dose of 5 mg/kg
(i.p.) and 1.25 mg/kg (i.p.) 45 and 30 min before famiation phase (T1), respectively. Tested
compoundl7 and donepezil was administratepa. 120 min before familiarization phase (T1). In
contrast to compountl7, donepezil was studied only in scopolamine-indutesinory impairment
paradigm in order to study the interaction combitredtment of compount7 with donepezil, both

administered in inactive doses.

4.8.2. Experimental procedure

Procedure consisted of habituation to the arenth@ut any objects) for 5 min, 24 hours before the
test and test session comprised of two trials sépdrby an inter trial interval (ITI). For
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phencyclidine (PCP) or scopolamine (SCOP)-induceanory impairment paradigm, 1 hour ITI
was chosen. During the first trial (familiarizatjoll) two identical objects (A1 and A2) were
presented in opposite corners, approximately 1Grom the walls of the open field. In the second
trial (recognition, T2) one of the objects was e&gld by a novel one (A = familiar and B = novel).
Both trials lasted 3 min and animals were returttetheir home cage after T1. The objects used
were the glass beakers filled with the gravel d&dplastic bottles filled with the sand. The hesght
of the objects were comparable (~12 cm) and thectbjwere heavy enough not to be displaced by
the animals. The sequence of presentations arldd¢agon of the objects was randomly assigned to
each rat. The animals explored the objects by tapHKicking, sniffing or touching the object while
sniffing, but not when leaning against, standingitimg on the object. Any rat spending less than

s exploring the two objects within 3 min of T1 o2 Was eliminated from the study. Exploration
time of the objects and the distance traveled wesasured using the Any-maze® video tracking
system. Based on exploration time (E) of two olgjadtiring T2, discrimination index (DI) was
calculated according to the formula: DI = (EB-EENA+AB). Because the analyses of exploration

time during recognition trial and DI yielded thersaresults, only DI data were presented.

4.8.3. Statistics

Data on exploratory preference and distance tredtelere analyzed using two-way repeated
measures ANOVAs with trial as repeated factor; @tadwere analyzed by one-way ANOVA

followed by Newman-Keuls post hoc test.
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Novel ligands affecting constitutive activity oftbFs receptor

Solid-phase synthesis of newW-3midazo[4,5€]pyridines and imidazo[4,8}pyridines

Intepirdine (SB-742457) prevents 5-pR—elicited neurite growth and behaves as inverse
agonist of cyclin-dependent kinase 5 (Cdk5)

Compoundl7 is partial inverse agonist of 5-HR in G; signaling with no influence on
cyclin-dependent kinase 5 (Cdk5)

Pro-cognitive properties df7 in scopolamine- and phencyclidine-induced memafycds in
NOT test

Combination ofl7 and donepezil produced synergistic effect in NE&f t



