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Abstract

In the light of recent lines of evidence, 5+4/RT ligands are a promising tool for future
treatment of memory impairment. Hence, this stuaty $upplied highly potent 5-HR agents
with procognitive effects, which represent an ar@ji chemical class of 1,3,5-triazines,
different from widely studied sulfone and indolkdi5-HTgR ligands. The new compounds
were rationally designed as modifications of leatd(1-(2-chlorophenoxy)ethyl)-6-(4-
methylpiperazin-1-yl)-1,3,5-triazin-2-aminel)( involving an introduction of: if two
chlorines at benzene ring anid) (varied linkers joining the triazine ring to aracaethers.
Synthesisjn vitro andin vivo biological tests and computer-aided SAR analysisl® new
compounds were carried. Most of the new triazinsglayed high affinity (K< 100 nM) and
selectivity towards 5-HdR, with respect to 5-HkR, 5-HT;R and DR. The crystallography-
supported docking studies, including quantum-ppéatiligand docking (QPLD), indicated
that chlorine atoms may be involved in differergdyof halogen bonding, however, the linker
properties seem to predominately affect the SRIT affinity. 4-[1-(2,5-
Dichlorophenoxy)propyl]-6-(4-methylpiperazin-1-y1)3,5-triazin-2-amine 9, which
displayed: the highest affinityk(= 6 nM), very strong 5-HgR antagonistic actiorkKg = 27
pM), procognitive effect@n vivo in novel object recognition (NOR) test in ratsyeay good
permeability in PAMPA model and satisfying safetyitro, was identified as the most potent
1,3,5-triazine agent so far, useful as a new leaéutther research.
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1. Introduction

The serotoninergic 5-Hlreceptor was discovered in 1993 as one of thestlaembers of
serotoninergic system [1], being structurally arfthnmacologically different from other
subtypes [2]. As typical G-protein coupled receptiostimulates activity of adenylyl cyclase,
which results with cyclic AMP increase. The attnagtess of this receptor as therapeutic
target has been growing up since many preclinitadiss confirmed an efficacy of the 5-
HTeR ligands in serious central nervous system (CNSjuthctions, such as: depression [3],
Alzheimer’s disease (AD) [4,5], schizophrenia [6Haobesity [7,8]. Additionally, very recent
research indicated that 5-ER antagonism may be a useful tool in treatmentrofable
bowel syndrome (IBS) [9]. Importantly, both the G4R antagonist and agonist, were able to
improve memory impairment in novel object recogmiti (NOR), social recognition- (SRT),
Y-maze continuous spontaneous alternation- (Y-CAAg Morris water maze (MWM) tests
in rats [10,11]. This makes 5-Teceptor an intriguing protein target, demandimgiepth
research that leads to elucidation of its mechawisaction.

Despite of a number of already synthesized andnphewlogically evaluated 5-HR ligands,
none has been approved as new drug in pharmadeuicket. Several 5-HR agents have
reached clinical trials (Fig.1) [12—17] but, foretime being, the clinical experiments have
not confirmed clearly either significant procogméieffects in patients with mild to severe
AD or anxiolytic ones in patients with schizophignthus highlighting a need of further
studies on 5-HgR-mediated mechanisms of action. Worth noting,nttagority of previously
found 5-HTR ligands, belongs mainly to two chemical classes, indole-derivatives or
sulfones [18]. Given all the mentioned-above faatgjrther search for chemically original 5-
HTeR agents, which could be translated into efficacyglinical trials, seems to be relevant in

terms of rational strategy for new potential treattnof CNS disorders.

On the other hand, halogen atoms are substituenyswidely used in medicinal chemistry as
their introduction into molecules often resultsaim improvement of metabolic stability [19],
blood-brain barrier (BBB) penetration [20] or otHaological membrane permeability [21].
Moreover, their presence may provide higher agtithianks to ability to form non-covalent
interactions, so-called halogen bonding (XB), tlstesbilizing protein-ligand complex [22].
The importance of this phenomena has been alreadjirmed in search for 5-HR
antagonists [23], but also for ligands of other GRCe.g. 5-HTa [24], 5-HT,ER [25], 5-
HT/R [26], D,R, D4R [27]). Taking into account aforementioned fattslogen substituents
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can be considered as those of the first order srrphcomodulation of novel biologically

active small molecules.
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Fig. L. The 5-HER antagonists, which reached clinical trials

Intending to explore a new chemical space for BRiTigands, our recent research was
concentrated on design, synthesis and pharmacalognaracteristics of novel, non-indole
and non-sulfone, family of 1,3,5-triazine derivavto give a group of new 5-BH agents
with high affinity (K; < 100 nM) and selectivity for 5-HTreceptor [28—31]. The structure-
activity relationship (SAR) analysis for those b;Bjazine 5-HER ligands showed a
significant role of their linker and a linker-deplamt substitution in the aromatic system.
Thus, the lipophilic substituent imeta position was conducive to activity in the serids o
1,3,5-triazines with the methylene linker [31].the case of the cyclic moiety in the linker,
para substitution was the most advantageous [29], wbdempounds containing an ether
linker were found as the most interesting groupvingg broad possibilities for further
modifications [28,30,32]. In that last group, commpd MST4, containing alkyl substituents
at both, 2- and 5-positions of benzene, was thet mds/e derivative found so fdK; = 11
nM, Fig. 2) [32]. It is worth to underline, thatkgl mono-substituted (at the benzene ring)
analogues oMST4 were significantly less activ&k{= 87-235 nM), while better results were
observed for some chlorine mono-substituted devieat Among them, compoun@/A-13

(1, Fig. 2), containingo-chlorobenzene and the methyl branching linker took special

attention, as displayingoth potent ; = 23 nM) and selective action on 5-§Rr as well as



satisfying CNS-druglike properties. Furthermorejdepressant effect df was confirmed in
the forced swim test (FST) in mice [28]. In thimtext, the compound was selected as an

appropriate lead structure for further chemical ifcations.

Therefore, this study was focused on design, sgigh@nd biological evaluation of novel
derivatives of the lead, where the main chemical modifications concernedagety of
chlorine di-substitutions at the phenyl aromatiwgri{R"). Furthermore, modifications of the
linker, i.e. length (n) and branching {R were carried out (Fig. 2). In term to comple#RS
analysis, one compound with the unsubstituted pheng, but branched linker, was under

consideration.
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Fig. 2. The previously reported hit compouM$T4), the lead structura(A-13, 1) and its
chemical modifications investigated within thisdstu

For this purpose, synthesis of 19 new derivativesWA-13 (2-20, Fig. 2) has been
performed. Whole the serieaQ0) was tested for the affinity and selectivity todsu5-HTR

in the radioligand binding assay (RBA). Selectetivaccompounds have been evaluated in
extended screening, including: (i) their intringictivity in functional assays, (i) ADMETox
propertiesin vitro as well as (iii) behavioral tesis vivo. In order to perform comprehensive

SAR analysis, crystal structures for two represergamembers with different length of
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linkers have been carried out, followed by molecut@delling, including quantum-polarized
ligand docking (QPLD), with special emphasize ole rof halogen bond in ligand-receptor

complexes.

2. Results
2.1. Synthesis

The compounds2(20) were obtained within 2-step synthesis pathwalahasated on the
basis of procedures described for previous 1,8%&itres [13]. In the first step, O-alkylation
of commercial (dichloro)phenols with appropriaterpesters was used to give aromatic
ethers 22-40). Then, the cyclic condensation of 4-methylpiperezyl biguanide
dihydrochloride 21) with the adequate este2X-40) was carried out to form a 1,3,5-triazine
ring resulting in final product2-20 (Scheme 1). As the racemic mixtures of bromoesters
were applied for the synthesis of the aromatic reth@2-26, 28-31, 33, 34, 36-39),
consequently racemic mixtures of the final compaui@+6, 8-11, 13, 14, 16-19) were

obtained.

NH NH
NH HN™Y ()
NP . Ne T (ONTNTONH
N~ “NH, ~ N\) H
H x2HCI - X2HCI
21
NH
R1 ] P
R2 . R
@ M eooc (i) |\ N R (ii), 21 N R NN
S + Br _— COOR3 | |
YA n _— N
R o 7, 0"t NTONTY
22-40 2.20 K/N\

22:R'=H; R?= Et; R®= Me 32: R'=25-diCl; R?= H; R®= Et

23: R' = 2,3-diCI; RZ= Me; R®= Me 33: R' = 3,4-diCI; R?= Me; R®= Me

24: R'=23-diCl; RZ= Et; R®= Me 34: R'=4,5-diCl; R?= Et; R®= Me

25: R' = 2,3-diCI; R2= Pr; R® = Et 35 R'=4,5-diCl; R?= H; R®= Et

26: R' = 2,3-diCI; R2= n-Bu; R®= Et 36: R' = 3,5-diCI; R2= Me; R®= Me

27: R'=2,3-diCl; R?= H; R®= Et 37: R'=3,5-diCl; R?= Et; R®= Me

28: R' =2 5-diCl; RZ= Me; R®= Me 38: R' = 3,5-diCI; R?= Pr; R® = Et

29: R' = 2,5-diCl; R2= Et; R®= Me 39: R' = 3,5-diCI; R?= n-Bu; R®= Me

30: R' = 2,5-diCI; R?= Pr; R® = Et 40: R"'=2,4-diCl: R?= H; R®= Et

31: R'=2,5-diCl; R2 = n-Bu; R®= Me

Scheme 1 Synthetic route for compounds 2+2Q Reagents and conditions} BuOH, reflux, yield:
86%; (i) acetonitrile, KCO;, reflux, 2—16 hours, yield: 36-90%iji§ absolute methanol, Na, reflux
15-30 hours, yield: 13-52%.



2.2. Pharmacology in vitro
2.2.1. Radioligand binding assays
The binding affinities for all the newly synthesizg,3,5-triazine derivatives-20 towards the

5-HTs receptor and competitive onese. serotoninergic receptors 5-bhI 5-HT; and

dopaminergic Rreceptorhave been assessed in radioligand binding assaip(T).

Table 1.Radioligand binding assays results for the newhtlsesized compounds-2Q

o NH,
@\ R2 N|)§N
o)\M:kN/)\N/\
Tl
2-20
a
Compound R* R? Ki InM]

5-HTg 5-HT>a 5-HT; D,
Lead 1 2-Cl Me O 23 1830 38730 1001
2 H Et O 21 5047 19940 1506
3 2,3-diCIl Me O 16 268 12550 432
4 2,3-diCl Et O 6 209 5202 421
5 2,3-diCl Pr O 23 310 13420 495
6 2,3-diCl n-Bu O 73 470 5265 506
7 2,3-diCl H 2 274 649 8592 206
8 25-diCIl Me O 13 355 15050 375
9 25diCl Et O 6 484 5706 320
10 2,5-diCl Pr O 12 382 12470 229
11 2,5-diCl n-Bu O 17 431 6263 103
12 2,5-diCl H 2 470 1457 7924 413
13 3,4-diCIl Me O 95 576 5928 754
14 3,4diCl Et O 86 696 5098 580
15 3,4-diCl H 2 1061 906 4879 356
16 3,5-diCIl Me O 27 412 9398 157
17 3,5-diCl Et O 11 463 9483 368
18 3,5-diCl Pr O 26 488 19850 377
19 3,5-diCl n-Bu O 51 839 10880 270

20 2,4-diCl H 2 999 nt’ 1904 nt®

Ref® - - - 7 9

the standard deviation values are reported in [Bopgntary materials, Table S2;
® olanzapine®nt — not tested



Serotonin 5-HFAR and dopaminergic IR were chosen as protein off-targets in order to
control interactions which might be responsible tordesired side effects. According to
literature, activation of 5-HiR leads to hallucinations [33], whereas interactiotih D;R is
associated with extrapyramidal symptomnegy(acute dystonia and parkinsonian symptoms)
[34]. Additionally, studies on animal models showttht 5-HT,R ligands may cause
procognitive effects [35], similarly as 5-R agents. In order to clarify, if herein investiggt
procognitive effects are a result of interactionhws-HTsR, the 5-HFR was also selected as

competitive protein target.

According to results obtained, most of the triazzpenpounds2-6, 8-11, 13, 14 and16-19)

showed high affinity for 5-HJR (Ki < 100 nM) and significant selectivity, with respeot
other GPCR’s. Ten compounds were more potent tbat structurdVA-13 (K; < 23 nM).
Compounds4 and9 turned out to have the highest 54RTaffinity (Kj = 6 nM), in 2-fold
more potent than the most active triazine 5RiTigand described so faMST4, K; = 11 nM)
[18]. Compound demonstrated the most significant selectivity tmseb-HTsR, with respect
to the rest of considered receptors (5:kH: 240-fold, 5-HTR: 950-fold, DR: 72-fold).

2.2.2. Functional assays towards 54+€ceptor

Selected active compound 8, 9, 11 and16) were tested in the functional assays, in order to
study their intrinsic activity towards 5-HR. During the experiments, the level of CAMP was
measured (Table 2).

Table 2. The results from functional assays for compoud)d 9, 11 and16.

Binding affinity = Antagonist mode  Agonist mode

Compound pK:® PKeP+£ SEM  Emax[%]€ + SEM
SEROTONIN i N.CJ 100 £ 2
SB258585 i 8.68 + 0.055 4+05
MIANSERIN - 6.28 + 0.023 4+0.0
3 7.80 8.24 +0.317 4+0.0
8 7.89 8.44 +0.138 6+0.5
9 8.22 10.57 + 0.065 4+0.0
11 7.77 6.36 + 0.031 4+0.0
16 7.57 8.78 + 0.332 11+0.5

®Calculated according to the data from TablBREsults were normalized as percentage of reference
antagonist (SB258585 FM). “Results were normalized as percentage of maxinwlisgresponse
(serotonin 1§ M); Enaxis the maximum possible effe@N.C. - not calculable. The full data with
standard deviation values are presented in Suppl@mematerials, Table S3



None of the tested derivatives showed agonistichar@sm, while four out of them showed
strong antagonistic action in the low nanomol8r-8( 16) or even picomolar range in the case
of 9 (pKg = 10.57,j.e.Kg = 27 pM, Table S3, Supplementary).

2.3. Drug-likeness in vitro
2.3.1. Permeability

For active representatives of the novel triazinevdéves,8 and9, permeability was tested
using Parallel_Artificial_Membrane Permeability Ags(PAMPA). The test is based on
compounds’ passive penetration through the bilaéficial membranes. This membrane
may imitate barriers for compound absorption frv@ ihtestines with a good correlationitio
vivo conditions. The assay was performed in accordamgareviously described methods
[36—40]. Both tested ligand8 @nd9) had a high permeability coefficient (Pe), highiean
that forMST4 [32] and compared to Pe estimated for caffeine, thearefe high-permeable
compound (Table 3).

Table 3. Permeability coefficient of compoun8sand9.

Compound Pe* [10° cm/s] + SD
8 18.0+1.2
9 18.9+0.9
MST4 12.3+1.98
Reference Caffeine 15.1 + 0.4

* tested in triplicate
2.3.2. Metabolic stability

The metabolic stability was investigatedvitro by using rat liver microsomes (RLMs) and
supported with MetaSite 6.01 software. The mosbabte structures of metabolites were
determinediIn silico predicted sites of metabolism for both compouddad9 were specified

for N-methylpiperazine moiety anghra position of the chlorine di-substituted aromatigr
(Fig. 3).
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Fig. 3.In silico prediction of the sites of metabolism by Meta8ite.1 for8 and9. Blue circle marked
on the functional group structures indicates tlghést biotransformation probability. The fading red
color shows the decreasing of the metabolism piitityab

The incubation with RLMs for 120 min resulted iretformation of six 9) or seven §)
metabolites, and more than 90% of each compoundbovedisansformed (Table S1; Fig. 4A,
4B). Obtained results indicated rather low metabsiability for both compounds, lower than
that forMST4 [32,41], while9 was almost in 3-fold more stable th&i(8.93% of9 vs3.17%

of 8, remained in the reaction mixture).
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Fig. 4. The UPLC spectraf 8 (A) and9 (B) and metabolites obtained after 120 min reactidth
RLMs.

These studies allowed us to predict the most piebabetabolic pathway,.e. the
hydroxylation at the phenyl ring (the metabolite )Mivhile other probable metabolic
pathways included demethylation and hydroxylatibpiperazine ring, which were found for

both the 5-HFR ligands 8, 9) by MS analyses (Table S1; Fig. S1A-G, Fig. S2A-F,
Supplementary).
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2.3.3. Toxicity

The safety profile of the 1,3,5-triazine derivav@, 9) was estimated in the hepatotoxicity
assayin vitro usinghepatomaHepG2 cell line, according to the protocol reporearlier [37—
40]. Both tested compoundsand 9 demonstrated a weak hepatotoxicity effect compéwed
the used reference toxins (doxorubicin and 3-clpbemyl-hydrazone). The statistically
significant decrease in cells viability was obseénemly at the highest applied concentration
of compound (100 uM, Fig.5). Compound®, due to partial precipitation at 50 and 100 uM,
could be correctly tested only at lower concemradj showing no toxicity up to 10 uM,
inclusively. Hence, both compounds, (9) displayed a satisfied safety in the level
corresponding to the best derivatives of 1,3,5ini@s tested previously [28, 31, 32, 38].

-

(4]

o
1

100 ==

Fde ek

cell viabillity [% of control]
3

uM

Fig. 5. The effect of tested compoun8s9 and references: doxorubicin (DX, 1 uM), mitochaaldr
toxin carbonyl cyanide 3-chlorophenyl-hydrazone GBC 10 uM) onhepatomaHepG2 cell line
viability. Compound9 partly precipitated at 50 and 100 under assay itond. 1% DMSO in cell
growth media was used as a negative control. GigpH®ism 8.0.1 was used to calculate the
statistical significances by one-way ANOVA, follovdoy Bonferroni's comparison test (****p <
0.0001, **p<0.01).

2.4. Behavioral studies in vivo

Taking into account that various previously studigdHTs receptor ligands, especially
antagonists, exhibited beneficial effects on cagniin animal models [39], the most active 5-
HTeR antagonist in this study, compouBd has been investigated in two models of the
memory impairment testse. NOR and NOL (Novel Object Location) tests. Compo@itt
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742457, the potent 5-HR antagonist with the confirmed ability to revekdK-801-induced
memory impairment in NOR test after both, acute em@nic administrations [10] was used
as reference (Fig. 6). The compouddiose-depend ameliorated the memory impairment
induced by MK-801 (0.1 mg/kg), in the statisticatignificant manner at the dose of 3 mg/kg
(Fig. 6a). The obtained data of discrimination idl& the triazine derivativ® at the dose of

3 mg/kg are comparable with those for the referesiBer42457 at the same dose used (Fig.
6a). Despite, we did not observe any activity e tompound9) in the NOL test (Fig. 6b).
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Fig. 6. Effects of compoun® on the memory impairment induced by MK-801 in NG and NOL

(b) tests. Compounfl and SB-74245%ere administeredp. 60 min, while MK-801 30 min before
the T1 session. The animals were observed for 5 Tine data are presented as the mean + SEM of 6—
8 rats. The data were statistically evaluated bg~wway ANOVA followed by Bonferroni's post-hoc
test,*p< 0.05,** p<0.01 vs respective vehicle-teshgroup, and #p<0.05, ##p<0.01 vs respective MK-
801-treated group. (one-way ANOVA for discriminati;ndex for NOR test: F(4,30)=3.99, p<0.01
(for compound9) and F(3,40)=6.78, p<0.001 (for SB-742457); and M®OL test: F(4,29)=2.82,
p<0.05)

Thus, the improvement of memory was observed anyhé case of the memory for objects
(what) in the NOR but not in the spatial locatiarhére) in the NOL test. A deficit in episodic
memory is one of the well-established cognitivaaisfin schizophrenic patients and it is the
most profound and earliest cognitive deficit in AB2]. The improved novel object
recognition task, but not the novel location plamgect preference task, demonstrates
dissociation between the effects of the investdja@mmpound in a spatial location (NOL test)
and the object recognition (NOR test) version afreah model of episodic memory task. As
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this dissociation was obtained using identical stim types, arena, and identical retention
delays of 1 h, it cannot be accounted for by deifees in the response requirements of the
procedures or attentional or motivational procesaethis stage of our research, it is difficult
to explain this loss of activity of compour@din NOL test. We can only suppose that this
compound at the range of doses used, may possaebgig rather to reverse memory
impairment in recognition than in spatial memorynpmnents of episodic memory, but it
needs extended investigations in the future.

2.5. The computer-aided structure-activity relasbip analysis

In order to support structure-activity relationstipcussion, in-depth inside into 3D-structure
of the investigated compound3-20) and their interactions with target 5-5R protein in the
molecular level were performed, including both expental crystallography and molecular
modelling.

2.5.1. Crystallographic studies

Crystallographic analyses for compounds, represgreither the shortes9)(or the longest
(20) linker structural category, were carried out gg/ia starting point to find active
conformations for the whole seriez-10) within molecular modelling studies.

The overall shapes of tlfBeand20 molecules with the atom-numbering schemes areeptes

in Fig. 7. Both molecules are isomers possessieg2tamine-4-(4'-methylpiperazin-1'-yl)-
1,3,5-triazine moiety, as well as a di-substitutgdmatic ring (2,5-dichloro fo® and 2,4-
dichloro for20) connected with the triazine ring by the ethylnxgtene linker for9 and the
propoxylene linker for20. In both molecules the piperazine ring adopts rcbanformation
with equatorial position of the methyl group. Howemhe substituent at the N2 atom is not in
a typical equatorial position with a torsion anglé-N2-C7-C8 of about 180°. The values of
this angle are 111.1(1)° and 133.8(1)°9@nd?20, respectively.
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C11

(b)

Fig. 7. The molecular structures of @pand (b)20, showing the atom-numbering schemes.
Displacement ellipsoids are drawn at the 50% pritibatevel.

These values are lower than in other three crysttakctures containing the 2-amine-4-(4'-
methylpiperazin-1'-yl)-1,3,5-triazine moiety [43]43ut similar to one observed in the crystal
structure of the 2-amine-6-(5-chloro-2-methoxypHedy(4'-methylpiperazin-1'-yl)-1,3,5-
triazine [43], as well as similar to these obseniadthe crystal structures of 2-(4-
methylpiperazin-1-yl)-H-imidazol-5(4H)-one derivatives [45]. The mutual orientation of
three rings differs in presented crystal structuidee interplanar angles between triazine and
piperazine rings are 43.30(5)° and 28.65(5)°, whi#éween triazine and aromatic rings are
81.50(4)° and 76.62(3)° f&and20, respectively.

The intermolecular interactions are similar in bsthuctures. The main motif of interactions
is based on the N-H---N hydrogen bonds (Fig. 8s&hnteractions lead to formation of the

dimers. In addition, the crystal structures arbist@d by N-H- - - Cl and C-H contacts.
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(b)

Fig. 8. The dimers in the crystal structure ®f(a) and20 (b). Dashed lines indicates the hydrogen
bonds.

2.5.2. Molecular modelling

The molecular docking study for the newly synthedidlerivative2—-20to 5-HTs receptor
homology models showed coherent binding mode vii¢éhpreviously reported 1,3,5-triazine
derivatives [28-31,41]. The crucial interactione ahe salt bridge between protonated
methylpiperazine nitrogen and negatively chargedP3ide chain, an aromatic Ckler —n
interaction with F6.52 and/or F6.51, and hydrogendbbetween NEgroup of 1,3,5-triazine
ring and carbonyl oxygen of V3.33 and/or A5.42. Sitbted aromatic fragment linked with
the 1,3,5-triazine ring interacted with the hydropitc cavity formed by transmembrane
domains (TM) 3-5 and extracellular loop 2 (ECL2prevover, its positioned into this cavity

is caused by the tetrahedral conformation of thkeli. In the light of the molecular docking
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results, the comparison of the most active derrea® with the lead structuré (Fig. 9A)
showed a retaining of a common binding mode. Howeslengation of the linker caused a
decrease of activity, which is in line with the mallar docking study. For instance, a
comparison of binding modes (Fig. 9A) of compoh(K; = 6 nM)vs 12 (K; = 470 nM)
showed that too long linker may lead to destatiliraof the complex and breaking some key
interactions €.g.with A5.42/V3.33).

The branching of the linker showed increase of dffenity in order methyl < ethyl, but
decrease in order propyl > butyl for each of thenpared series. Molecular docking indicated
(Fig. 9B) that the branching alkyl group was pladetd a small binding cavity formed by
helices 5 and 6, which increased the stabilityhef tesulting ligand—receptor complexes for
shorter, and destabilized the complexes (perhapaulse of the overfilling of this pocket) for

the longer branching group.

In term to investigate the role of different sutgion of chlorine atoms in the phenyl
fragment, the docking procedure involves quantutasped ligand docking (QPLD) and the
MM/GBSA algorithm was used. This procedure showettelo performance in reproducing
the X-ray geometries of protein—ligand complexeshwhalogen bonding than classical
docking approach [46], and was also used to thaysttithe halogen bonding with privileged
amino acids as an important factor modulating ttievigdy to 5-HTg receptor [29,47]. The
disubstituted series, including: 2,3-di&),( 3,5-diCl 7), 2,5-diCl ©), and 3,4-diCl 14)
derivatives, and also the unsubstituted anal)gi{ the phenyl fragment (Fig. 9C), was
selected.
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Halogen bond
distance

4: AAG =-2.89 kcal/mol
9: AAG =-1.96 kcal/mol
17: AAG = -1.78 kcal/mol

Fig. 9. lllustration of the binding modes of selected 1-Bi&zine derivatives with 5-Hireceptor. (A)
Comparison of the docking poses for compoufidgreen),12 (yellow), and the lead structude
(cyan). (B) Binding modes of analogs with mett84gink), ethyl d—blue), propyl 5-red), and butyl
(6-brown) linker branch. (C) Comparison of the bimgdimodes of unsubstitutel (orange) with its
differently disubstituted of chlorine atoms derivas, namely: 2,3-diCl4blue), 3,5-diCl {7—violet),

2,5-diCl ©-green), and 3,4-diCl1é-limon). Amino acids that are crucial for the bimgliof the
presented compounds are shown as thick dark-giekg st

It was possible to calculate the changes in the bifiRling free energy resulting from the

substitution of halogen atoms in this fragmexG). Analysis of the binding modes showed
that chlorine atoms were involved in the formatmindifferent types of halogen bonds (all

with backbone carbonyl oxygen), which were alsaésin the change of binding free energy
and activity of a given derivative. The highestrease of the binding free energy was noted
for the most active derivatives and9 (K; = 6 nM). The first analogue (2,3-diCl) showed

AAG = —2.89 kcal/mol and two halogen bonds with P4X3® distance = 4.1Ag-hole angle

= 165) and A4.56 (XB distance = 3.04-hole angle = 141°, with chlorine in position 2).

18



The second derivative (2,5-diCl) displayadG = —1.96 kcal/mol and halogen bonds with
A4.56 (XB distance = 2.8Ag-hole angle = 149 formed by chlorine in position 2, and
surprisingly, with L162 from extracellular loop XB distance = 2.7Ag-hole angle = 163.
The 3,5-diCl analoguel7 showed only slightly lower increase of binding efrenergy
compared to 2,5-diCINAG = —1.78 kcal/mol), for which two halogen bondsrevéound as
well — with S4.57 (XB distance = 3.84&;hole angle = 169, and with L162 (XB distance =
2.9A, o-hole angle = 153 formed by chlorine in position 5 (as in the 2j&ldderivative).
The last derivativel4 (3,4-diCl) showed the lowest increase of bindiregfenergy equal —
0.73 kcal/mol, and only one halogen bond was forimeveen chlorine in position 3 with
S4.57 (XB distance = 3.04-hole angle = 1739, whereas the chlorine at position 4 did not
show any specific interaction with the binding sitlis analysis demonstrated that chlorine
atoms may be involved in the formation of halogending, additionally stabilizing the L-R
complex, but their contribution is rather moder@tee highest improvement in activity after

chlorine substitution is approximately 4-fold).
2.5.3 General SAR discussion

The chemical modifications of the leddwere introduced to analyze an influence on the
affinity towards 5-HER of two following structural factors: (i) dichlomubstitution at phenyl
ring and (ii) the diverse (un)branched linker. Tasults obtained within this study allow us to

perform comprehensive structure-activity relatiopghscussion.

Sixteen out of nineteen newly synthesized compoutetaonstrated a high affinity for 5-
HTeR, with K; values lower than 100 nM. The best pharmacologacaivity profile was
observed for 2,5- and 2,3-dichlorophenoxy 1,3,&zine derivatives with a short but branched
alkoxy linker,i.e. compoundg! (K; = 6 nM) and9 (K; = 6 nM). Both compounds had higher
affinity for 5-HT¢R than reference olanzapine as well as the stracmlar antagonistic
action, found for the 2,5-dichlorophenyl derivat&¢Kg = 0.027 nM), is worth emphasizing.
Among the series of analogues with chlorine atomthe same positions of phenyl ring, a
change of branching in linker, from methyl to etlyybup, increased the 5-BER affinity,
simultaneously maintaining significant selectivityjowever, further elongation of branching
did not improve activity, giving the least benedicieffects for the butyl group, which is
consistent with molecular docking results. The noer@d-above results, together with the
high 5-HTgR affinity (Ki = 21nM) of the compound unsubstituted at the aromarg (2),
indicate that the type of linker is the predominsintictural factor for the 5-HR activity of
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the compounds investigated within this study. Téusiclusion may be also supported by
previous results, in which the unbranched analagudisplayed significantly lower affinity
for the 5-HER target K = 507 nM) [29]. Additionally, molecular modelling studies
confirmed that chlorine atoms might be involvedsiabilization of L—-R complex through the
different type of halogen bonds, however, theireeffon the activity improvement is
moderate. These results allow to fully explain lingh and little-varied activity of branched
derivativesortho-, meta-or unsubstituted at the phenyl ring.

On the other hand, the presence of two chlorinstgubnts at the phenyl ring was found as
profitable also for “drug-like” properties of themored 1,3,5-triazines due to an increase of
lipophilicity. The higher lipophilicity seems to lesirable to penetrate membrane barriers,
including BBB, which is especially important in tikase of compounds destined to act on
CNS. The representative 2,5-dichlorophenyl denvesti tested § 9) demonstrated high
permeability (Pe about 18 x 2@m/s) and rather low risk of hepatotoxicity in tediesin

vitro.

Despite the low metabolic stability vitro, the significant procognitive effedf the 2,5-
dichlorophenyl derivativé® in vivo was observed in the NOR test in rats. Furthermibes,
active dose of was corresponding to that of compoumdiST4 tested previously, although
the metabolic stability oMST4 was in 6-fold higher (59.25%s. 8.93%), and the 5-HR
affinity only slightly weaker (11 nMss. 6 nM) [32]. The observed procognitive action of
compound in vivo seems to be a result of combined factoes (i) the beneficial effects of
both the highly potent 5-HR-antagonistic action and a putative very good dHbrain
barrier penetration (high permeability confirmedRAMPA test) on one hand, but (ii) an
unfavorable low metabolic stability effect, on tather. In this context, the resultant effect
indicates a distinctly greater impact of those fabte factors. Otherwise, the significant
activity in the behavioral test (NOR) could be atsmsed by synergistic procognitive action
of either the compoun8 or the metabolites formed. However, these hypehesed wider

pharmacological and ADMET considerations to be ghoronfirmed.
3. Conclusions

The described herein novel series of 1,3,5-triadeevatives enlarged the original family of
highly potent 5-HFR antagonists, structurally different from widehyvestigated sulfone and
indole-like compounds. In particular, the systematbdifications ob-chloro substituted lead

(1), via the addition of one more chlorine substituent ahdnges within the ether linker,
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resulted in two the strongest 5-kR agents4 and9), in 2-fold more active thamMST4, the
most potent triazine 5-HR ligand described so far. Furthermore, the peréarmlimination

of the chlorine-substituent from the leddgave a potent and highly selective ligar&), (
displaying selectivity for 5-HdR in the range of 71-867, with respect to 5,k T5-HT; and

D, dopamine receptors. SAR studies supported by tiggtaphy and extended molecular
modelling indicated that (i) the short linker braed with ethyl chain and (ii) the dichloro-
substituted phenyl ring at positionstho and metaare the most favorable structural factors

for strong interaction with the target 5-kR, but the role of the first one is predominant.

The performed study allows to find the new “hitg. 4-[1-(2,5-dichlorophenoxy)propyl]-6-
(4-methylpiperazin-1-yl)-1,3,5-triazin-2-amin8)( which displayed extremely high 5-ER
antagonistic action in the functional assays, $icgmt procognitive effectsn vivo in rats,
very good permeability in PAMPA model and a satrgfysafetyin vitro. However, the
disadvantageous weak metabolic stability9ofind its methyl-branched analogu® (vas

indicatedin vitro, which requires a further pharmacomodulation.

Apart from compound, its 2,3-dichlorophenyl analogud)( found as the equally active 5-
HTsR agent, as well as the most selective phenyl-wstduted compoun@ seem to be worth

of wider considerations, too. Thus, the presengsdlts set the new lead structures for further
studies concerning search for 54RTagents, which may be a useful tool for futuratirent

of cognitive impairment associated with Alzheimesé&ase.

4. Experimental
4.1. Chemical synthesis

Melting points (mp) were determined using MEL-TEMRpparatus and are uncorrectéd.
NMR and *C NMR spectra were recorded on a Varian Mercury-¥00 MHz PFG
instrument or FT-NMR JEOL (JNM-ECZR500 RS1 v. ECZB)0 MHz instrumentfC
NMR for 3-20) in DMSQOLds (for almost all compounds, except from compo@nd 400
MHz) at ambient temperature using the solvent $igsaan internal standard: the values of
the chemical shifts expresseddagalues in (ppm) and the coupling constadjsr{ Hz. Data
are reported as follows: chemical shift, multigiicfs, singlet; br. s, broad singlet; d, doublet;
t, triplet; dd, doublet of doublet, g, quintet, multiplet), coupling constanl, number of
protons, protons position (Pip-piperazine, Ph-pherylass spectra recorded on a UPLC-
MS/MS system consisted of a Waters ACQUITY® UPLCWagers Corporation, Milford,
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MA, USA) coupled to a Waters TQD mass spectromglerctrospray ionization mode ESI-
tandem quadrupole). The UPLC/MS purity of all tieaf compounds was confirmed to be
higher than 95% (excedt4). Retention time valuesgft are given in minutesThin-layer
chromatography (TLC) was performed on pre-coatedcksailica gel 60 F254 aluminum
sheets (Hex/EtOAc 4:1, DCM/MeOH 95:5). The readdiamn fixed temperature were carried
out using a magnetic stirrer with a contact therratan Heidolph MR 2001. Intermediates
(22-40) were synthesized based on previous methods [R8aBll used in a crude form
(purity 54-99%) for synthesis of the final compoan@-20). Details of their synthesis and
chemical characterization are provided in Suppleargn

4.1.1. General procedure for the synthesis of fazahpounds2-20)

Sodium (10 mmol) was dissolved in 10 ml of absolthanol, then 4-methylpiperazine-1-
yl biguanide hydrochloride2Q) (5mmol) and a proper est&@2-4Q 5mmol) was added. The
reaction mixture was refluxed for 15-30 h. Afteoltiog to room temperature, the residue
was washed with water (10 ml), stirred for 30 mah.room temperature. The precipitated
product was isolated by filtration and crystallizGddm methanol to give the desire final
products as solids (method A). In case of lack edidble precipitate, final product was

converted into hydrochloric salt form using solatiaf HCI in diethyl ether (method B).
4.1.1.1. (RS)-4-(4-methylpiperazin-1-yl)-6-(1-pheyropyl)-1,3,5-triazin-2-amine2)

Ester22, reaction time: 16 h. Method A. White solid. Yied$%, LC/MS purity: 96,4%,
t,=3.29, mp=112-1T€, CH2NsO (MW= 328.42)."H NMR (400 MHz, DMSO¢s ) 5
[ppm]: 0.97 (tJ = 7.4 Hz, 3H, CH), 1.84 — 1.93 (m, 2H, Cii 2.17 (s, 3H, N-CHh), 2.27 (br.
S, 4H, Pip-3,3), 3.66 (br. s, 4H, Pip-2,88, 4.63 (t,J = 6.5 Hz, 1H, O-CH), 6.77 — 6.89 (m,
4H, Ph-2,3,5,84), 7.00 (br. s, 1H, Ph-#), 7.18 — 7.24 (m, 2H, N#l **C NMR (101 MHz,
DMSO-ds) 6 [ppm]: 10.50, 27.90, 42.86, 46.22, 54.70, 81.4(.56, 120.84, 129.78, 158.82,
164.94, 167.41, 176.51.

41.1.2. (RS)-4-[1-(2,3-dichlorophenoxy)ethyl]-6-(4-methyeiazin-1-yl)-1,3,5-triazin-2-
amine B)

Ester23, reaction time: 15 h. Method A. White solid. Yiel%, LC/MS purity: 100%,
tr=4.15, mp=187-18€, C;¢H20CILNgO (MW= 383.28).1H NMR (500 MHz, DMSOsd; ) 6
[ppm]: 1.54 (d,J=5.73 Hz, 3H, ChH) 2.13 (s, 3H, N-Ch), 2.21 (br. s, 4H, Pip-3,5-H), 3.60
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(br. s, 4H, Pip-2,6-H), 5.00 (d=6.30 Hz, 1H, O-CH), 6.68-6.99 (m, 2H, NH6.87-6.89 (d
def., 1H, Ph-@), 7.09-7.10 (m, 1H, Ph-BY, 7.16 (t,J=7.20 Hz, 1H, Ph-#). **C NMR

(126 MHz, DMSO¢ds ) & [ppm]: 20.72, 43.02, 46.25, 54.72, 77.63, 113188).93, 122.40,
128.67, 132.83, 155.71, 164.90, 167.49, 176.25.

4.1.1.3.(RS)-4-[1-(2,3-dichlorophenoxy)propyl]-6-(4-methylerazin-1-yl)-1,3,5-triazin-2-

amine 4)

Ester 24, reaction time: 21 h. Method A. White solid. Yiel%, LC/MS purity: 100%,
tx=4.73, mp=174-17€, C7H2,ClLNO (MW= 397.30)."H NMR (500 MHz, DMSO#ds ) &
[ppm]: 1.02 (t,J = 7.4 Hz, 3H, CH), 1.97 (pJ = 7.3 Hz, 2H, CH), 2.16 (s, 3H, N-CH), 2.25
(br. s, 4H, Pip-3,94), 3.63 (br. s, 4H, Pip-2,B89, 4.80 (t,J = 6.3 Hz, 1H, O-CH), 6.86 — 6.89
(m, 1H, Ph-6H), 7.01 (br. s, 2H, Nb), 7.13 — 7.16 (m, 1H, Ph43), 7.19 — 7.23 (m, 1H, Ph-
4-H). *C NMR (126 MHz, DMSOds ) & [ppm]: 10.38, 27.90, 46.26, 54.73, 82.57, 113.76,
120.91, 122.35, 128.75, 132.79, 155.93, 164.83,41671.75.53.

4.1.1.4(RS)-4-[1-(2,3-dichlorophenoxy)butyl]-6-(4-methyerazin-1-yl)-1,3,5-triazin-2-

amine b)

Ester 25, reaction time: 18 h. Method A. White solid. Yiel#%, LC/MS purity: 100%,
t,=5.20, mp=186—-18€, CigH2.ClLNcO (MW= 411.33).*H NMR (500 MHz, DMSO#d; ) §
[ppm]: 0.89 (t,J = 6.8 Hz, 3H,CH), 1.36 — 1.57 (m, 2H, CH} 1.78 — 1.98 (m, 2H, CHi
2.12 (s, 3H, N-Ch), 2.21 (s, 2H, Pip-3,5¥), 2.46 (s, 2H, Pip-3,5t), 3.59 (s, 4H, Pip-2,6t),
4.76 — 4.88 (m, 1H, O-CH), 6.77 — 6.91 (m, 2H, INH6.98 (br. s, 1H, Ph-B), 7.07 — 7.23
(m, 2H, Ph-4,64). *°C NMR (126 MHz, DMSOds ) & [ppm]: 14.23, 18.81, 36.69, 46.26,
54.71, 81.17,113.67, 120.86, 122.35, 128.76, 1321.85.91, 164.83, 167.41, 175.75.
4.1.1.5.(RS)-4-[1-(2,3-dichlorophenoxy)penthyl]-6-(4-mefhgkerazin-1-yl)-1,3,5-triazin-2-
amine 6)

Ester26, reaction time: 19 h. Method A. White solid. Yie5@%, LC/MS purity: 98,5%,
t,=5.41, mp=150-15Z, CigH26CloNsO (MW= 425.36).*H NMR (500 MHz, DMSO#d; ) §
[ppm]: 0.81 (t,J=7.16 Hz, 3H, CH), 1.26-1.31 (q def., 2H, G 1.37-1.48 (m, 2H, C}),
1.85-1.95 (m, 2H, C}), 2.11 (s, 3H, N-Ch) 2.20 (s, 4H, Pip-3,5t), 3.31 (s, 4H, Pip-2,6),
4.78-4.81 (d def., 1H, O-CH), 6.82 (&7.45 Hz, 1H, Ph-64), 6.99-7.01 (m, 2H, N},
7.09-7.10 (m, 1H, Ph-B), 7.14-7.15 (m, 1H, Ph-#). *C NMR (126 MHz, DMSQds ) &
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[ppm]: 14.42, 22.40, 27.68, 34.30, 43.20, 46.2678481.45, 113.68, 120.89, 122.35, 128.74,
132.81, 155.92, 164.84, 167.42, 175.73.

4.1.1.6.4-[3-(2,3-dichlorophenoxy)propyl]-6-(4-methylpipeiia-1-yl)-1,3,5-triazin-2-amine
(7)

Ester27, reaction time: 20 h. Method A. White solid. Yiei@%, LC/MS purity: 100%,
t,=4.18, mp=84—8&, Ci;H».CLNsO (MW= 397.30)."H NMR (500 MHz, DMSO#ds ) &
[ppm]: 2.08 (d,J=6.30 Hz, 2H, CH), 2.12 (br. s, 3H, N-C§J, 2.21 (br. s, 4H, Pip-3,B9,
2.53 (t,J=6.59 Hz, 2H, CH), 3.61 (br. s, 4H, Pip-2,88, 4.09 (br. s, 2H, O-C}), 6.74 (br. s,
2H, NH,), 7.05 (d,J=8.02 Hz, 1H, Ph-4), 7.14 (d,J= 8.02 Hz, 1H, Ph-64), 7.23 (t,J= 7.73
Hz, 1H, Ph-5H). **C NMR (126 MHz, DMSOdg) & [ppm]: 26.58, 34.89, 42.85, 46.30, 54.85,
69.24, 112.69, 120.61, 122.34, 128.98, 132.77,9%63.64.96, 167.30, 177.16.

4.1.1.7.(RS)-4-[1-(2,5-dichlorophenoxy)ethyl]-6-(4-methyerazin-1-yl)-1,3,5-triazin-2-

amine B)

Ester28, reaction time: 22 h. Method A. White solid. Yied®%, LC/MS purity: 96,4%,
tx=4.02, mp=153-15€, CigH20Clo-N¢O (MW= 383.28)."H NMR (500 MHz, DMSO#ds ) &
[ppm]: 1.53 (d,J=6.87 Hz, 3H, CH), 2.12 (s, 3H, N-Ch), 2.21 (br. s, 4H, Pip-3,8), 3.61
(br. s, 4H, Pip-2,64), 5.01 (q,J=6.68 Hz, 1H, O-CH), 6.70-6.94 (m., 2H, MH6.92-6.94 (d
def., 1H, Ph-4), 7.06 (s, 1H, Ph-6-H), 7.37 (d=8.02 Hz, 1H, Ph-3). *C NMR (126
MHz, DMSO-dg) 6 [ppm]: 20.43, 43.09, 46.25, 54.75, 77.65, 1151271,.05, 121.74, 131.46,
132.38, 154.76, 164.82, 167.53, 175.91.

4.1.1.8.(RS)-4-[1-(2,5-dichlorophenoxy)propyl]-6-(4-methylerazin-1-yl)-1,3,5-triazin-2-

amine Q)

Ester29, reaction time: 20 h. Method A. White solid. Yieid%, LC/MS purity: 100%,
t,=4.60, mp=163-16%, C/H»-ClLNsO (MW= 397.30).*H NMR (500 MHz, DMSO#d; ) &
[ppm]: 0.94 (t,J=7.45 Hz, 3H, CH3), 1.91 (4=7.16 Hz, 2H, CH), 2.11 (s, 3H, N-Ch), 2.21
(br. s, 4H, Pip-3,34), 3.61 (br. s, 4H, Pip-2,B9, 4.77 (t,J=6.30 Hz, 1H, O-CH), 6.84-6.90
(m, 2H, NH), 6.90-6.93 (d def., 1H, Phi8}, 7.02-7.05 (d def., 1H, Ph#), 7.36 (d,J=8.59
Hz, 1H, Ph-3H). **C NMR (126 MHz, DMSOds ) & [ppm]: 10.25, 27.60, 43.11, 46.23,
54.74, 82.69, 115.66, 121.11, 121.66, 131.41, B3435.01, 164.79, 167.49, 175.23.
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4.1.1.9.(RS)-4-[1-(2,5-dichlorophenoxy)butyl]-6-(4-methyerazin-1-yl)-1,3,5-triazin-2-

amine (0)

Ester30, reaction time: 22 h. Method A. White solid. Yiesd%, LC/MS purity: 96,7%,
t,=5.13, mp=143-14%, CigH2.ClLNcO (MW= 411.33).*H NMR (500 MHz, DMSO#d; ) §

[ppm]: 0.92 (t,J = 7.4 Hz, 3H, ChH), 1.37 — 1.55 (m, 2H, CiHl 1.83 — 2.00 (m, 2H, Cii

2.16 (s, 3H, N-Ch), 2.25 (br. s, 4H, Pip-3,6), 3.57 — 3.74 (m, 4H, Pip-218), 4.88 (dd,J;

=8.2 Hz,J, = 4.9 Hz, 1H, O-CH), 6.90 — 6.94 (m, 1H, )H6.96-6.98 (m, 1H, Ph-B), 7.05
(d,J = 2.3 Hz, 1H, Ph-4), 7.06 — 7.09 (m, 1H, N§), 7.41-7.44 (m, 1H, Ph-B). **C NMR

(126 MHz, DMSO¢s ) & [ppm]: 175.43, 167.46, 164.77, 154.97, 132.37,.481121.70 ,
121.05, 115.60, 81.24, 54.74, 46.27, 36.38, 18.425.

4.1.1.10.(RS)-4-[1-(2,5-dichlorophenoxy)penthyl]-6-(4-mephigkrazin-1-yl)-1,3,5-triazin-2-

amine(11)

Ester31, reaction time: 25h. Method A. White solid. YieB8%, LC/MS purity: 98,8%,
tx=5.34, mp=143-14€, CigH2¢CloNO (MW= 425.36)."H NMR (500 MHz, DMSO#ds ) &
[ppm]: 0.80 (t,J=7.16 Hz, 3H, Ch), 1.24-1.32 (m, 2H, C}), 1.35-148 (m, 2H, C}J, 1.85-
1.96 (m, 2H, CH), 2.11 (s, 3H, N-Ch), 2.20 (br. s, 4H, Pip-3,B9, 3.61 (br. s, 4H, Pip-2,6-
H), 4.80-4.83 (m, 1H, O-CH), 6.84-6.92 (m, 2H, §H6.90-6.92 (m, 1H, Ph-Bh, 7.01 (d,
J=2.29 Hz, 1H, Ph-4), 7.36 (d,J=8.02 Hz, 1H, Ph-34). *C NMR (126 MHz, DMSOd; ) &
[ppm]: 14.39, 22.42, 27.58, 34.02, 43.02, 46.2375481.56, 115.60, 121.08, 121.65, 131.41,
132.40, 154.98, 164.79, 167.50, 175.41.

4.1.1.114-[3-(2,5-dichlorophenoxy)propyl]-6-(4-methylopigein-1-yl)-1,3,5-triazin-2-
amine (2)

Ester32, reaction time: 16 h. Method A. White solid. Yied$%, LC/MS purity: 98,8%,
t,=3.71, mp=126—-12&, Ci/H»ClLNsO (MW= 397.30).*H NMR (500 MHz, DMSO#d; ) §

[ppm]: 2.05-2.06 (m, 2H, CH), 2.12 (br. s, 3H, N-C§J, 2.21 (br. s, 4H, Pip-3,B69, 2.50 (t,
J=7.16 Hz, 2H, CH), 3.62 (br. s, 4H, Pip-2,B88, 4.09 (t,J=6.01 Hz, 2H, O-CH), 6.70 (br. s,
2H, NH,), 6.94-6.96 (m, 1H, Ph-#b, 7.16 (s, 1H, Ph-&4), 7.37 (d,J= 8.59 Hz, 1H, Ph-34).

¥C NMR (126 MHz, DMSOds ) 5 [ppm]: 26.56, 34.81, 42.87, 46.31, 54.86, 69.1144.50,
120.80, 121.58, 131.32, 132.94, 155.14, 164.97.3067177.14.

4.1.1.12(RS)-4-[1-(3,4-dichlorophenoxy)ethyl]-6-(4-methyilmgrazin-1-yl)-1,3,5-triazin-2-
amine hydrochlorideld)
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Ester33, reaction time: 30 h. Method B. White solid. Yiel@%, LC/MS purity: 100%,
t,=4.28, mp=258—261C, CigH2oCloNsO (MW= 383.11).*H NMR (500 MHz, DMSO#d; ) &
[ppm]: 1.55 (d,J=6.87 Hz, 3H, CH), 2.70 (br. s, 3H, N-C§J, 3.03 (br. s, 4H, Pip-3,B9,
4.55-4.63 (m, 4H, Pip-2,B), 5.31 (d,J=6.30 Hz, 1H, O-CH), 7.06-7.08 (m, 1H, PH§:
7.38-7.39 (m, 1H, Ph-B¥), 7.48-7.49 (m, 1H, Ph-B, 8.18-8.36 (m, 2H, N}J, 11.85 (br. s,
1H, NH"). *C NMR (126 MHz, DMSOds ) & [ppm]: 19.67, 42.44, 51.69, 51.91, 74.69,
116.98, 118.55, 123.87, 131.49, 132.01, 156.82,8062

4.1.1.13(RS)-4-[1-(3,4-dichlorophenoxy)propyl]-6-(4-methgiperazin-1-yl)-1,3,5-triazin-
2-amine 14)

Ester34, reaction time: 20 h. Method A. White solid. Yies@®%, LC/MS purity: 91,4%,
tx=4.61, mp=126-12€, C7H2,ClLNO (MW= 397.30).H NMR (500 MHz, DMSO#ds ) &
[ppm]: 0.90 (t,J=7.45 Hz, 3H, CH), 1.84 (q,J=6.70 Hz, 2H, CH), 2.11 (s, 3H, N-CH), 2.21
(br. s, 4H, Pip-3,34), 3.61 (br. s, 4H, Pip-2,8H, 4.67 (t,J=6.30 Hz, 1H, O-CH), 6.82-6.84
(m, 1H, Ph-6H), 6.82-7.00 (m, 2H, N}J, 7.12 (s, 1H, Ph-#), 7.40 (d,J=9.16 Hz, 1H, Ph-
3-H). **C NMR (126 MHz, DMSQds ) & [ppm]: 10.34, 27.64, 43.11, 46.26, 54.73, 81.99,
116.52, 117.74, 122.80, 131.36, 131.81, 158.35,856467.42, 175.57.

4.1.1.144-[3-(3,4-dichlorophenoxy)propyl]-6-(4-methylopigein-1-yl)-1,3,5-triazin-2-

amine(15)

Ester35, reaction time: 18 h. Method A. White solid. Yied%, LC/MS purity: 99,2%,
t,=3.91, mp=90-9C, C;7H,,CLNgO (MW= 397.30).'H NMR (500 MHz, DMSOds ) &
[ppm]: 2.01-2.03 (m, 2H, C§), 2.12 (s, 3H, N-Ch), 2.20 (br. s, 4H, Pip-3,BH, 2.46-2.47
(m, 2H, CH,), 3.61 (br. s, 4H, Pip-2,B), 3.98 (t,J=6.01 Hz, 2H, O-CH), 6.74 (br. s, 2H,
NH,), 6.86-6.89 (m, 1H, Ph-6-H), 7.12 (@2.29 Hz, 1H, Ph-2-H), 7.42 (d79.16 Hz, 1H,
Ph-3H). °C NMR (126 MHz, DMSOd; ) & [ppm]: 26.60, 34.85, 42.85, 46.29, 54.84, 68.40,
115.89, 116.80, 122.72, 131.40, 132.09, 158.62,916467.29, 177.19.

4.1.1.15(RS)-4-[1-(3,5-dichlorophenoxy)ethyl]-6-(4-methyilmgrazin-1-yl)-1,3,5-triazin-2-

amine (6)

Ester36, reaction time: 20 h. Method A. White solid. Yiek®%, LC/MS purity: 100%,
tx=4.33, mp=180-18F, CiHooClLNO (MW= 383.28).3H NMR (500 MHz, DMSO#d; ) &
[ppm]: 1.48 (d,J=6.30 Hz, 3H, CH), 2.12 (s, 3H, N-Ch), 2.21 (s, 4H, Pip-3,5), 3.31 (s,
4H, Pip-2,6H), 4.96 (g,J=6.30 Hz, 1H, O-CH), 6.88 (br. s, 2H, MH6.93 (d,J=1.72 Hz,
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2H, Ph-2,6H), 7.03 (s, 1H, Ph-#). 3C NMR (126 MHz, DMSOds )  [ppm]: 20.40, 42.90,
46.25, 54.74, 77.03, 115.13, 120.74, 134.86, 160L640.86, 167.50, 176.09.

4.1.1.16(RS)-4-[1-(3,5-dichlorophenoxy)propyl]-6-(4-methylerazin-1-yl)-1,3,5-triazin-2-
amine(17)

Ester37, reaction time: 16 h. Method A. White solid. Yieli#%, LC/MS purity: 100%,
t,=4.90, mp=124-12€, C/H»ClLNsO (MW= 397.30).*H NMR (500 MHz, DMSO#d; ) &
[ppm]: 0.95 (tJ = 7.4 Hz, 3H, CH), 1.88 — 1.95 (m, 2H, CHi 2.16 (s, 3H, N-Ch), 2.25 (br.

S, 4H, Pip-3,54), 3.54-3.76 (br. s, 4H, Pip-218}, 4.77 (tJ = 6.5 Hz, 1H, O-CH), 6.91 (br. s,
1H, NH,), 6.97 (d,J = 1.8 Hz, 2H, Ph-2,64), 7.03 (br. s, 1H, Nbj, 7.10 (t,J = 1.8 Hz, 1H,
Ph-4H). **C NMR (126 MHz, DMSOds ) & [ppm]: 10.29, 27.48, 46.27, 54.76, 82.09,
115.16, 120.74, 134.85, 160.33, 164.81, 167.423b/5

41.1.17. (RS)-4-[1-(3,5-dichlorophenoxy)butyl]-6-(4-methyprazin-1-yl)-1,3,5-triazin-2-

amine(18)

Ester38, reaction time: 21 h. Method A. White solid. Yied®%, LC/MS purity: 98,3%,
t,=5.26, mp=164—16€, CigH2.ClLNsO (MW= 411.33).*H NMR (500 MHz, DMSO#d; ) §
[ppm]: 0.90 (t,J = 7.3 Hz, 3H, ChH), 1.31 — 1.49 (m, 2H, CHl 1.79 — 1.91 (m, 2H, CiHi
2.16 (s, 3H, N-Ch), 2.25 (br. s, 4H, Pip-3,B, 3.63 (br. s, 4H, Pip-2,Bh, 4.83 (ddJ; = 7.8
Hz, J,=5.2 Hz, 1H, O-CH), 6.91 (br. s, 1H, NH6.94 — 6.97 (m, 2H, Ph-218}, 7.03 (br. s,
1H, NHy), 7.07 — 7.10 (m, 1H, Ph#). **C NMR (126 MHz, DMSO-d6 $ [ppm]: 175.57,
167.42, 164.81, 160.30, 134.86, 120.75, 115.1858®4.73, 46.26, 36.34, 18.72, 14.21.

4.1.1.18. (RS)-4-[1-(3,5-dichlorophenoxy)pentyl]-6-(4-methghirazin-1-yl)-1,3,5-triazin-2-

amine(19)

Ester: 39, reaction time: 22 h. Method A. White solid. Yiedd%, LC/MS purity: 99,5%,
t,=5.70, mMp=154—15€, CigH26Clo.NsO (MW= 425.36).*H NMR (500 MHz, DMSO#d; ) §
[ppm]: 0.86 (t,J = 5.4 Hz, 3H, CH), 1.25 — 1.46 (m, 4H, CHCH,), 1.84 — 1.93 (m, 2H,
CH,), 2.16 (s, 3H, N-Ch), 2.25 (s, 4H, Pip-3,54), 3.64 (s, 4H, Pip-2,6f), 4.79 — 4.84 (m,
1H, O-CH), 6.91 (br. s, 1H, N 6.95 — 6.98 (m, 2H, Ph-2{8}, 7.04 (br. s, 1H, Nbj, 7.08
— 7.11 (m, 1H, Ph-#). °C NMR (126 MHz, DMSO-d6 % [ppm]: 14.40, 22.42, 27.55,
33.98, 46.21, 54.74, 80.90, 115.12, 120.75, 134.86,29, 164.80, 167.43, 175.55.

4.1.1.19.4-[3-(2,4-dichlorophenoxy)propyl]-6-(4-methylpipetia-1-yl)-1,3,5-triazin-2-amine
(20)
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Ester40, reaction time: 17 h. Method A. White solid. Yieli8%, LC/MS purity: 100%,
t,=4.09, mp=150-18Z, C7H»,ClL,N¢O (MW= 397.30).H NMR (500 MHz, DMSO-d6 %
[ppm]: 2.06-2.07 (m, 2H, C}), 2.12 (br. s, 3H, N-Ck}, 2.21 (br. s, 4H, Pip-3,B89, 2.52 (br.
s, 2H, CH), 3.62 (br. s, 4H, Pip-2,B8, 4.06 (br. s, 2H, O-C§), 6.73 (br. s, 2H, N}j, 7.10
(br. s, 1H, Ph-64), 7.29 (br. s, 1H, Ph-B), 7.49 (br. s, 1H, Ph-BP. **C NMR (126 MHz,
DMSO-d6 )& [ppm]: 26.56, 34.84, 42.85, 46.30, 54.86, 69.045.46, 122.91, 124.75,
128.58, 129.73, 153.57, 164.97, 167.30, 177.15.

4.2. X-ray crystallographic studies

Crystals suitable for an X-ray structure analysis foth compounds were obtained from

methanol by slow evaporation of the solvent at reaemperature.

Data for single crystals were collected using thelLAB Synergy-S diffractometer, equipped
with the Cu (1.54184 A) K radiation source and graphite monochromator. Thas@
problem was solved by direct methods using SIR-8E]|4and all non-hydrogen atoms were
refined anisotropically using weighted full-matteast-squares orf FRefinement and further
calculations were carried out using SHELXL[49] .eThydrogen atoms bonded to carbons
were included in the structure at idealized posgi@and were refined using a riding model
with Uiso(H) fixed at 1.5 U{C) for methyl groups and 1.2.§C) for the other hydrogen
atoms. Hydrogen atoms attached to nitrogen atonme ¥oeind from the difference Fourier
map and refined without any restraints. For molacgtaphics MERCURY[50] program was

used.

Crystallographic data for 9: Ci;7H2CLNgO, M, = 397.30, wavelength 1.54184 A, crystal
size = 0.13 x 0.18 x 0.60 nitriclinic, space groupiPa = 8.6624(3) A, b = 9.8661(4) A, ¢ =
12.2609(5) Ao = 70.529(4)°p = 77.394(3)°y = 86.601(3)°, V = 964.02(7) Rz =2, T =
100(2) K, 25842 reflections collected, 3867 unigefections (R: = 0.0301), R1 = 0.0314,
wR2 = 0.0777 [I > &(1)], R1 = 0.0325, wR2 = 0.0786 [all data].

Crystallographic data for 20: C;7H2:ClLNO, M, = 397.30, wavelength 1.54184 A, crystal
size = 0.08 x 0.15 x 0.39 nimmonoclinic, space group P8, a = 15.5045(1) A, b =
6.4311(1) A, ¢ = 18.8146(5) A3 = 94.185(1)°, V = 1871.02(3)°AZ = 4, T = 100(2) K,
56835 reflections collected, 3876 unique refledi@R,; = 0.0391), R1 = 0.0276, wR2 =
0.0727 [I > &(1)], R1 = 0.0285, wR2 = 0.0733 [all data].
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CCDC 1980289 and 19802@0ntain the supplementary crystallographic dat@s€ldata can
be obtained free of charge from The Cambridge G@Hggjraphic Data Centrevia

www.ccdc.cam.ac.uk/data_request/cif.

4.3. Molecular modelling

4.3.1. Molecular docking

The procedure of 5-HsR homology models generatiof, (@drenergic receptor template), its
use for analysis of the binding mode of our othe3,Sttriazine derivatives (to support
structure-activity relationship analyses) was déscr previously [31]. In order to select the
relevant subset of the 5-HTeceptor conformations, the newly synthesized aamgs 2—
20) were docked and analyzed. Only models showingemtt binding mode to the
previously described 1,3,5-triazine derivativesd axplaining the main structure-activity

relationships were used.

The three-dimensional structures of the synthesizadpounds were prepared using LigPrep
[51], and the appropriate ionization states at p#H & 1.0 were assigned using Epik [52].
Protein Preparation Wizard was used to assign ¢imel lorders, check for steric clashes and
assign appropriate amino acid ionization statessémh receptor model. The receptor grids
were generated (OPLS3 force field [53]) by centgtime grid box with a size of 12 A on the
D3.32 residue. Docking was performed by quantunaimed ligand docking (QPLD)
procedure[54] involves the QM-derived ligand atordi@rges in the protein environment at
the B3PW91/ccpVTZ level. Only the best ten posedigand returned by the procedure were

considered.

4.3.2. Binding free energy calculations

MM/GBSA (Generalized-Born/Surface Area) was useddtrulate the binding free energy
based on the ligand-receptor complexes generatduieb@PLD procedure. The ligand poses
were minimized using the local optimization featimePrime, the flexible residue distance
was set to 6.0 A from a ligand pose, and the ligetmarges obtained in the QPLD stage were
used. The energies of complexes were calculateth Wie OPLS3e force field and
Generalized-Born/Surface Area continuum solventehobio assess the influence of a given
substituent on the binding, theAG was calculated as a difference between bindieg fr

energy AG) of unsubstituted at phenyl ring and dichloridaa®@alogues.

4 .4. Evaluation of 5-HgR, 5-HTAR, 5-HER, D,R affinities
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4.4.1. Cell culture and preparation of cell membearior radioligand binding assays

HEK293 cells with stable expression of human 5H3-HT7, and B, receptors (prepared

with the use of Lipofectamine 2000) or CHO-K1 celigh plasmid containing the sequence
coding for the human serotonin 5-fATreceptor (Perkin Elmer) were maintained at 37°@ in

humidified atmosphere with 5% GGand grown in Dulbecco’s Modifier Eagle Medium
containing 10% dialyzed fetal bovine serum and H@dml G418 sulfate. For membrane
preparation, cells were subcultured in 150° dtasks, grown to 90% confluence, washed
twice with prewarmed to 37°C phosphate bufferethegPBS) and pelleted by centrifugation
(200 x g) in PBS containing 0.1 mM EDTA and 1 mMhdbthreitol. Prior to membrane

preparation, pellets were stored at -80°C.

4.4.2. Radioligand binding assays

Cell pellets were thawed and homogenized in 10 naek of assay buffer using an Ultra
Turrax tissue homogenizer and centrifuged twice3&000 g for 15 min at 4°C, with
incubation for 15 min at 37°C in between. The cosijan of the assay buffers was as
follows: for 5-HT,aAR: 50 mM Tris HCI, 0.1 mM EDTA, 4 mM Mggland 0.1% ascorbate;
for 5-HTsR: 50 mM Tris HCI, 0.5 mM EDTA and 4 mM Mgglfor 5- HTzpR: 50 mM Tris
HCIl, 4 mM MgCh, 10 uM pargyline and 0.1% ascorbate; for dopanbpdr: 50 mM Tris
HCI, 1 mM EDTA, 4 mM MgC4, 120 mM NaCl, 5 mM KClI, 1.5 mM Cagland 0.1%
ascorbate. All assays were incubated in a totalnael of 200 pL in 96-well microtitre plates
for 1 h at 37°C, except 5-HAR which were incubated at 27°C. The process ofliegation
was terminated by rapid filtration through Unifiltplates with a 96-well cell harvester and
radioactivity retained on the filters was quantfien a Microbeta plate reader (PerkinElmer,
USA). For displacement studies the assay sampletioed as radioligands (PerkinElmer,
USA): 1 nM PH]-ketanserin (53.4 Ci/mmol) for 5-BIR; 2 nM PH]-LSD (83.6 Ci/mmol)

for 5-HTgR; 0.8 nM PH]-5-CT (39.2 Ci/mmol) for 5-HIR or 2.5 nM fH]-raclopride (76.0
Ci/mmol) for D, LR. Non-specific binding was defined with 10 uM oHF in 5-HT/R
binding experiments, whereas 20 uM of mianserinjubdd of methiothepine or 10 uM of
haloperidol were used in 5-HAR, 5-HTzR and DB, assays, respectively. Each compound was
tested in triplicate at 7 concentrations t300* M). The inhibition constantsk() were
calculated from the Cheng-Prusoff equation[55].UReswere expressed as means of at least

two separate experiments.

4.5. Functional assays for 5-HTeceptor
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Test and reference compounds were dissolved in thyhesulfoxide (DMSO) at

a concentration of 10 mM. Serial dilutions werepgared in 96-well microplate in assay
buffer and 8 to 10 concentrations were tested.tk@/5-HT6, adenylyl cyclase activity were
monitored using cryopreserved 1321N1 cells withreggion of the human serotonin 5HT
receptor (Perkin Elmer, USA). Thawed cells wereispgended in stimulation buffer (HBSS, 5
mM HEPES, 0.5 IBMX, and 0.1% BSA at pH 7.4) at 3xtélls/ml. The same volume (10
ul) of cell suspension was added to tested compouddsiples were loaded onto a white
opaque half area 96-well microplate. The antagaesbonse experiment was performed with
22 nM serotonin as the reference agonist for B-t¢€eptor. The agonist and antagonist were
added simultaneously. Cell stimulation was perfanf@m 30 minutes at room temperature.
After incubation, cAMP measurements were perfornveith homogeneous TR-FRET
immunoassay using the LANCE Ultra cAMP kit (Perkmigr, USA). 10ul of EucAMP
Tracer Working Solution and 10l of ULight-anti-cAMP Tracer Working Solution were
added, mixed, and incubated for 1 h. The TR-FREJhai was read on an EnVision
microplate reader (PerkinElmer, USA). IC 50 and & were determined by nonlinear

regression analysis using GraphPad Prism 7.0 saftwa
4.6. Drug-likeness

4.6.1 References

The following references used in ADMETox studies vitro: caffeine (CFN), carbonyl
cyanide 3-chlorophenylhydrazone, (CCCP) and doxomul{DX) were provided by Sigma-
Aldrich (St. Louis, MO, USA).

4.6.2 Permeability

Pre-coated PAMPA Plate System Gentest™ was usedstonation of compounds passive
transport through cell membranes and was provigeddsning (Tewksbury, MA, USA). The
assay was performed in accordance to the manuéicecommendations and was previously
described by our research group [32, 34-38]. Thecemtrations in apical and basolateral
wells were estimated using the LC/MS method withirdernal standard. The permeability
coefficient Pe was calculated according to the tda® described in the literature [33] and

compared to the high permeable reference CFN.

4.6.3 Metabolic stability
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The in vitro evaluation of metabolic pathways was performed1B® min incubation of
compounds with rat liver microsomes (RLMs) at 37 &&ording the described previously
procedures [32, 34, 35, 37, 38]. RLMs were provitigd(Sigma-Aldrich, St. Louis, MO,
USA). The LC/MS analyses were performed to deteentie most probable structures of 5-
HTeR ligands’ metabolites.

Thein silico prediction of the most probable sites of metabohgas performed by MetaSite
6.0.1. software provided by Molecular Discovery (lttertfordshire, UK).

4.6.4 Toxicity

HepatomaHepG2 (ATCE HB-8065™) cells were used for hepatotoxicity assemnt. All
assays and growth conditions were applied as werided before [37-40]. Tested
compounds were added to the cells and incubatetfbrin the four concentrations: 1, 10, 50
and 100éM. The reference toxins CCCP and DX were added Gau and 1 pM,
respectively. The cells’ viability was determineg ®@ellTiter 96® AQueous Non-Radioactive
Cell Proliferation Assay (MTS) provided by Promd@éadison, WI, USA). The absorbance
was measured using a microplate reader EnSpir&i(B#mer, Waltham, MA USA) at 490

nm.

4.7. In vivo studies
4.7.1 Animals

The experiments were performed on male Wistar (a8-260 g) obtained from an
accredited animal facility at the Jagiellonian Uity Medical College, Poland. The animals
were housed in group of four in controlled envir@mn (ambient temperature £4C;
relative humidity 50—-60%; 12-h light/dark cycleg(its on at 8:00). Standard laboratory food
(LSM-B) and filtered water were freely availablenifals were assigned randomly to
treatment groups. All the experiments were perfarby two observers unaware of the
treatment applied between 9:00 and 14:00 on sepgraups of animals. All animals were
used only once. Procedures involving animals aed ttare were conducted in accordance
with current European Community and Polish legisfaton animal experimentation.
Additionally, all efforts were made to minimize aral suffering and to use only the number
of animals necessary to produce reliable scientiita. The experimental protocols and
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procedures described in this manuscript were agorty the | Local Ethics Commission in
Cracow (no 309/2019) and complied with the Europgammunities Council Directive of 24
November 1986 (86/609/EEC) and were in accordanttethie 1996 NIH Guide for the Care

and Use of Laboratory Animals.
4.7.2. Drugs

All compounds were suspended in 1% Tween 80 imnegidbefore administration in a
volume of 2 ml/kg. Compounds were administeredajmritoneally i(p.) 60 minutes while
MK-801 was giveni.p. 30 minutes before testing. Control animals reakivehicle (1%

Tween 80) according to the same schedule.
4.7.3. Behavioral procedures in rats
4.7.3.1. Novel Object Recognition (NOR) test and Novel @hjecation (NOL) test

Five days before the experiment, the rats weresteared to the laboratory, labeled and,
thereafter, left to acclimate to the new environtdime animals were handling every five
days before experiments to minimize the stressticmaclhe protocol was adapted from the
original work [56,57]. The test session comprisofgtwo trials separated by an inter-trial

interval (ITI) of 1 h was carried out on after ta@ay of training session.

During the first trial (familiarization, T1) two @htical objects (Al and A2) were presented in

the opposite corners of the open field, approxitgdté cm from the walls.
In the NOR test procedure

During the second trial (recognition, T2) one of #h objects was replaced by a novel object
B, so that the animals were presented with the éitiar and B=novel objects. Both trials

lasted for 3 min and the animals were returnethé@ home cages after T1.
In the NOL test procedure

During the second trial (recognition, T2) one of #h objects was replaced to another place
B, so that the animals were presented with the éitfar location and B=novel location of
objects. Both trials lasted for 3 min and the arénveere returned to their home cages after
T1.

The objects used were the metal Coca-Cola canshandlass jars filled with the sand. The

heights of the objects were comparable (~12 cm)ta@dbjects were heavy enough not to be
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displaced by the animals. The sequence of presamgatnd the location of the objects was

randomly assigned to each rat. After each measunrgthe floor was cleaned and dried.

The animals explored the objects by looking, ligkisniffing or touching the object but not
when leaning against, standing or sitting on theabAny rat exploring the two objects for
less than 5 s within 3 min of T1 or T2 was elimethfrom the study. Exploration time of the
objects was measured by blind experimenter. Basedxploration time (E) of two objects
during T2, discrimination index (DI) was calculatadcording to the formula: DI = (EB-
EA)/(EA+AB). Using this metric, scores approachiagro reflects no preference while
positive values reflect preference for the novejeob (or novel location of object) and

negative numbers reflect preference for the familia

MK-801, used to attenuate learning, was adminidtatethe dose of 0.1 mg/kgp:) 30 min
before familiarization phase (T1), while investigihtompounds were given 60 min before T1

session.
4.7.4. Statistical analysis

The data of behavioral studies were evaluated bgratysis of variance one-way ANOVA

followed by Bonferroni’'s post hoc test (statistisajnificance set at p<0.05).
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Table 3. Permeability coefficient of compoun8sand9.

Compound Pe* [10° cm/s] + SD
8 18.0x1.2
9 18.9+0.9
MST4 12.3+£1.98
Reference Caffeine 15.1 + 0.4

* tested in triplicate



Table 1.Radioligand binding assays results for the newhtlsesized compounds-2Q

1
Ny
O/KMf\N/ N
gL
220
a
Compound R* R? Ki (nM]

5-HTg 5-HT,n 5-HT- D,

Lead 1 2-Cl Me O 23 1830 38730 1001
2 H Et O 21 5047 19940 1506
3 2,3-diCIl Me O 16 268 12550 432
4 2,3-diClI Et O 6 209 5202 421
5 2,3-diCl Pr O 23 310 13420 495
6 2,3-diCl n-Bu O 73 470 5265 506
7 2,3-diCl H 2 274 649 8592 206
8 25-diCIl Me O 13 355 15050 375
9 2,5-diCl Et O 6 484 5706 320
10 2,5-diCl Pr O 12 382 12470 229
11 2,5-diCl n-Bu O 17 431 6263 103
12 2,5-diCl H 2 470 1457 7924 413
13 3,4-diCIl Me O 95 576 5928 754
14 3,4-diCl Et O 86 696 5098 580
15 3,4-diCl H 2 1061 906 4879 356
16 3,5-diCIl Me O 27 412 9398 157
17 3,5-diClI Et O 11 463 9483 368
18 3,5-diClI Pr O 26 488 19850 377
19 3,5-diCl n-Bu O 51 839 10880 270
20 2,4-diCl H 2 999 nt’ 1904 nt®
Ref® - - - 7 9

the standard deviation values are reported in [Bummntary materials, Table S2;
® olanzapine®nt — not tested



Table 2. The results from functional assays for compoud)d 9, 11 and16.

Binding affinity = Antagonist mode  Agonist mode

Compound pK:® PKeP+£ SEM  Emax[%]€ + SEM
SEROTONIN i N.CJ 100 £ 2
SB258585 i 8.68 + 0.055 4+05
MIANSERIN - 6.28 + 0.023 4+0.0
3 7.80 8.24 +0.317 4+0.0
8 7.89 8.44 +0.138 6+0.5
9 8.22 10.57 + 0.065 4+0.0
11 7.77 6.36 + 0.031 4+0.0
16 7.57 8.78 + 0.332 11+0.5

®Calculated according to the data from TablBREsults were normalized as percentage of reference
antagonist (SB258585 FM). “Results were normalized as percentage of maxinwlisgresponse
(serotonin 13 M); Enaxis the maximum possible effe@N.C. - not calculable. The full data with
standard deviation values are presented in Supplamematerials, Table S3
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Fig. 3. In silico prediction of the sites of metabolism by MetaSite 8.0.1 for 8 and 9. Blue circle marked
on the functional group structures indicates the highest biotransformation probability. The fading red
color shows the decreasing of the metabolism probability.
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2: Diode Array
E Range: 2.018e+2
Time  Height Area Area%
A 3 270 546461 1754559  3.91
3 277 1362427 4737148 10.56
317 2465885 8191063 18.26
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2: Diode Array
191213 LW-15RA  Range: 2.139+2
Time Height Area Area%
3.26 1246403 38997.62 243
1.5041 3.67 4636881 181140.17 11.30
M1 3.75 10833967 545113.81 33.99
1.4e41 3.95 3050480 11502070 7.17
B 375 465 2891449 14646486  9.13
1.3e+1 4.76 2826263 143227.23 8.93
it / G k f
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3.0 /
1.00 ! 2.00 ! 3.00 ! 4.00 ! 5.00 ! 6.00 ! 7.00 ! 8.00

Fig. 4. The UPLC spectra of 8 (A) and 9 (B) and metabolites obtained after 120 min reaction with
RLMs.
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Fig. 5. The effect of tested compoun8s9 and references: doxorubicin (DX, 1 uM), mitochaaldr
toxin carbonyl cyanide 3-chlorophenyl-hydrazone GBC 10 uM) onhepatoma HepG2 cell line
viability. Compound9 partly precipitated at 50 and 100 under assay itond. 1% DMSO in cell
growth media was used as a negative control. GegppHPrism 8.0.1 was used to calculate the
statistical significances by one-way ANOVA, follovéby Bonferroni's comparison test (****p <
0.0001, **p<0.01).



(b)

Fig. 7. The molecular structures of (a) 9 and (b) 20, showing the atom-numbering schemes.
Displacement ellipsoids are drawn at the 50% probability level.



Fig. 8. The dimersin the crystal structure of 9 (@) and 20 (b). Dashed lines indicates the hydrogen
bonds.



Halogen bond
distance

4. AAG =-2.89 kcal/mol
9. AAG =-1.96 kcal/mol
17: AAG = -1.78 kcal/mol
14: AAG = -0.73 kcal/mol

Fig. 9. lllustration of the binding modes of selected 18i&zine derivatives with 5-Hilreceptor. (A)
Comparison of the docking poses for compoufidgreen),12 (yellow), and the lead structute
(cyan). (B) Binding modes of analogs with mett84gink), ethyl d—blue), propyl $—red), and butyl
(6-brown) linker branch. (C) Comparison of the bimdimodes of unsubstitute? (orange) with its
differently disubstituted of chlorine atoms derivat, namely: 2,3-diCl4-blue), 3,5-diCl {7-violet),

2,5-diCl ©@-green), and 3,4-diCl14-limon). Amino acids that are crucial for the bimgliof the
presented compounds are shown as thick dark-giekg st
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Fig. 1. The 5-HTgR antagonists, which reached clinicd trials.




( PREVIOUSLY SELECTED HIT COMPOUND j( LEAD STRUCTURE

A,

( )N\Hz \ / NH,
N~ h N)\N
O N (o) \ !
W/L N N /\ @[ Yk N )\N /ﬁ
MST4 WA-13 (1)
K; (5-HTg) =11 nM K; (5-HTg) =23 nM
anxiolytic, procognitive and anti-obesity antidepressant effect in vivo
effect in vivo
- N\ J
[ INVESTIGATED CHEMICAL MODIFICATIONS ]
\
R': H, 2,3-diCl, 2,4-diCl,
2,5-diCl, 3,5-diClI, l R2: H, Me, Et, Pr, n-Bu l
3,4-diCl, 4,5-diCl NH2
o 1
/
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Compounds n=0-2
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Fig. 2. The previously reported hit compound (M ST 4), the lead structure (WA-13, 1) and its
chemical modifications investigated within this study.
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Fig. 6. Effects of compoun® on the memory impairment induced by MK-801 in N@RR and NOL

(b) tests. Compounfl and SB-74245%ere administeredp. 60 min, while MK-801 30 min before
the T1 session. The animals were observed for 5 Tine data are presented as the mean + SEM of 6—
8 rats. The data were statistically evaluated bg~way ANOVA followed by Bonferroni's post-hoc
test,*p< 0.05,** p<0.01 vs respective vehicle-tezhgroup, and #p<0.05, ##p<0.01 vs respective MK-
801-treated group. (one-way ANOVA for discriminationdex for NOR test: F(4,30)=3.99, p<0.01
(for compound9) and F(3,40)=6.78, p<0.001 (for SB-742457); and M®OL test: F(4,29)=2.82,
p<0.05)
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22:R'=H; R?= Et; R®= Me 32: R'=25-diCl; R?= H; R®= Et
23: R' = 2,3-diCI; RZ= Me; R® = Me 33: R' = 3,4-diCI; R?= Me; R®= Me
24: R'=23-diCl; RZ= Et; R®= Me 34: R'=4,5-diCl; R?= Et; R®= Me
25: R' = 2,3-diCI; R2= Pr; R® = Et 35 R'=4,5-diCl; R?= H; R®= Et
26: R' = 2,3-diCI; R2= n-Bu; R®= Et 36: R' = 3,5-diCI; R2= Me; R®= Me
27: R'=2,3-diCl; R?= H; R®= Et 37: R'=3,5-diCl; RZ= Et; R®= Me
28: R' =2 5-diCl; RZ= Me; R®= Me 38: R' = 3,5-diCI; R?= Pr; R® = Et
29: R' = 2,5-diCl; R2= Et; R®= Me 39: R' = 3,5-diCI; R?= n-Bu; R®= Me
30: R' = 2,5-diCI; R?= Pr; R® = Et 40: R'=2,4-diCl: R?= H; R®= Et

31: R'=2,5-diCl; R2 = n-Bu; R®= Me

Scheme 1 Synthetic route for compounds 2+2Q Reagents and conditiong} BUOH, reflux, yield:
86%:; (i) acetonitrile, KCO;, reflux, 2—16 hours, yield: 36-90%iji] absolute methanol, Na, reflux
15-30 hours, yield: 13-52%.
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