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Highlights
* A series of 2,4,6-trisubstituted 1,3,5-triazines were obtained as potential histamine
H4R ligands
»  Some compounds showed K; values in the low submicromolar range
»  Some compounds exhibited in vivo anti-inflammatory activity
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Abstract: A series of novel 2-amino-4-(4-methylpiperazini}-y,3,5-triazine derivatives
with different aryl substituents in the 6-positivas designed, synthesized and evaluated for
histamine Hreceptor (HR) affinity in 9 cells expressing humanRi co-expressed with G-
protein subunits. Triazine derivative@ with a 6-p-chlorophenyl) substituent showed the
highest affinity with hHR K; value of 203 nM and was classified as an antagamisAMP
accumulation assay. This compound, identified amew lead structure, demonstrated also
anti-inflammatory properties in preliminary studiasmice (carrageenan-induced edema test)
and neither possessed significant antiproliferagietevity, nor modulated CYP3A4 activity up
to concentration of 25uM. In order to discuss structure-activity relatibips molecular
modeling and docking studies were undertaken.

Keywords: Histamine H receptor, 4-methylpiperazines, 2,4,6-trisubstdule3,5-triazines,
anti-inflammatory properties

1. Introduction

The human histamine Heceptor (hzZR) was cloned in 2000 and has constituted an
interesting target for drug development thereafdrarmacological studies suggest utility of
H4R antagonists/inverse agonists in the treatmenbftdmmatory and immunomodulatory
diseases, e.g., allergic rhinitis, asthma, atopécmatitis, colitis and pruritus.Among
described BFR antagonists/inverse agonists pyrimidine-2-amieevetives consist important
lead structures with many potent compounds [foiese\see’ ’]. Some of early developments



already made their way to clinical trials and prsimg results from the clinical studies for
compound4$JR-63325andZPL-38937887were reported:?’

The 1,3,5-triazinedtriazine) moiety is present in many biologicallgtige structures
with the broad range of therapeutic utility. Suampounds have been proved to exhibit
antimicrobial’®** antimalarial activity’ and chemotherapeutic potential* Moreover, for
some triazine dimers the ability to mimic the pnotd binding to murine and human IgG
antibody was describéd The chemistry of 1,3,5-triazine was recently rexéd by Blotny'°
A couple of 4-(4-methylpiperazin-1-yl)-1,3,5-triaes were disclosed in the patent
application from Johnson&Johnson and some of themwed high affinities (K< 20 nM) for
hH4R (e.g.1, Fig. 1)’

Taking together the published results on pyrimidifegivatives (e.g2)*® as well as
information on triazines (e.d)'’ a search was initiated to find active compoundsragr2-
amino-4-(4-methylpiperazin-1-yl)-1,3,5-triazines. this work, the synthesis, R affinities,
functional properties, receptor selectivity and i-arftammatory properties of these
compounds (exemplified by general structure on Rigare described. Also for selected
compounds antiproliferative effect and metabolabsity was checked.

2. Results and Discussion

2.1 Chemistry

The general synthetic procedure for preparatioB,4f6-trisubstituted 1,3,5-triazines is
outlined in Scheme 1. Triazine derivativ&23 were obtained as the result of the reaction of
esters 3a23a with biguanidine dihydrochloride. 4-Methylpiperazl-yl biguanidine
dihydrochloride intermediate was obtained by theating of cyanoguanide and 4-
methylpiperazine dihydrochloride in 1-butaridlAll acid methyl esters were commercially
available (excep¥a and21a which were synthesized according to the known edacé®).
Cyclization of 4-methylpiperazin-1-yl biguanidinehgdrochloride with the appropriate
carboxylic acid methyl ester in the presence oflsndnethoxide have been known to yield
1,3,5-triazine$’ The reaction was led in the boiling point and pexted in low yields (4-
35%).

2.2 Histamine H, receptor screening

The series of novel substituted phenyl derivatioéd,3,5-triazine with one to three
substituents at the benzene ring was screened & mH>H]histamine binding experiments
(Table 1). Investigated was the SAR of the 6 stumstit of the 1,3,5-triazine derivatives on
the hHR activity. All compounds share the 4-methylpip@mgzmoiety (as basic center) and
the primary aromatic amino group as additional dasenter as well as hydrogen
acceptor/donor functionality. These both elemengsvadely present in many publishedRH
antagonist$.” Most of the obtained compounds showed micro/sutmmiolar affinities.

The most potent in these group was compdiimdth chlorine substituent in theara-
position with submicromolar affinitykj = 203 nM). The change of chlorine position ieeta
(5, Ki = 408 nM) and especially tortho (4, Ki = 1261 nM) position drastically reduced
affinity. Generally, the same trend was also ob=grfor methyl and cyano substituents
(compare6 vs 12 and 7 vs 14). In addition, the change of chlorine in thara-position for



different substituents (F, Br, I, GHCF;, CN, N(CH)2, compound®-15), led to decrease of
potency compared with that 8f Interestingly, compound, the unsubstituted analogue, had
higher affinity than the majority of the substitdtéerivatives.

The introduction of the second substituent (chiod® or methoxy grougd6, 17) to
metaposition e.g. compoun8 did not improve the affinity. Two fluorine substints in 2-
and 6-position X9) are less beneficial than tw@Q) or three atoms2(l) in respectively the
3,5-position and the 3,4,5-position.

Comparing the present results with the publishdd t& pyrimidine analog o8 (compound

2, Fig. 1%) a reduction in affinity of more than one log uwias noticed. Although, it seems
that the additional nitrogen in the central comagine ring instead of pyrimidine one) is
detrimental for HR affinity, some compounds display submicromoldmdfes. So further
investigations should be done (e.qg. blocking frena group) as some related triazines with
high HiR affinities have recently been descriléd.

2.3 Functional properties at histamine H receptor and selectivity over histamine H
receptor for selected compounds

In order to better characterize the pharmacologipaifile of the investigated
compounds selected structureé® gnd 10) were additionally tested for their functional
properties in cCAMP accumulation assay at recomhinaltular model. Their selectivity over
histamine H receptor (HR) subtype, representing the highest degree of legyavith H4R,
was also evaluated.

Investigated compounds caused a blockade of ti@nhise-induced cAMP reduction in
CHO-hH4sR-cAMPzen cells, co-treated with forskolin and weteerefore classified as
antagonists at HRs. Antagonist potency(sg) was determined by performing a dose response
curve in presence of JR agonist (histamine, 140 nM, corresponding to ESso) and
forksolin (10 uM) (Fig. 3). Obtainelso values for both evaluated compounds were well in
accordance with theiK; values at hgRs and the order of potency also was retained in
functional tests&, K; = 203 nM,ICsp = 512 nM;10, K; = 524 nM,ICsp = 1630 nM).

Since HR shows the highest sequence homology (~60% in tthesmembrane
domains) to the BR subtypé&® considered structures were additionally tested tfir
interaction with HR. For that purpose radioligand binding assays wertormed with the
use of PH]N*methylhistamine and membrane preparations from 28& cells stably
expressing humangR.

Performed assays revealed that compo@waisd10 show low affinity for HR (8, K; =
13.2uM; 10, K; =15.0uM) and are therefore selective towardfRisubtype (HR Ki/H4R Ki:

8, 29-fold selectivity;10, 65-fold selectivity).

2.4 Anti-inflammatory activities of selected componds

Radioligand receptor binding assay showed that sointiee investigated 1,3,5-triazine
derivatives have micro/submicromolar affinities toe hHR and act as antagonists at that
receptor. These results were inspiration to sthéyanti-inflammatory activity of the selected
1,3,5-triazine derivative® vivo in the carrageenan-induced paw edema®té4tThe tested



compounds §, 8, 9, 10, 12, 18 and 23) administered intraperitonally caused inhibitioh o
carrageenan-induced edema in mice, when compatéeé tontrol (ketoprofen; Fig. 4).

Compound 10, in all doses, throughout duration of the experimeshowed a
statistically significant anti-inflammatory actiyit At a dose 50 mg/kgp, compound10,
decreased carrageenan-induced edema by 90.6%, 90@%1.8% in 1, 2 and 3 hours of the
experiment, respectively, while at a dose 25 mg/kyg, 68.8%, 70.0% and 81.6%,
respectively. CompoundlO at a dose 10 mg/kg, suppress edema paw in the 12ng% -
63.3%. Compoun8 showed statistically significant effects in thigperimental model. Given
intraperitoneally at a dose 50 mg/kg, inhibitedrageenan-induced edema in 1, 2, 3 hours of
the experiment by 90.6%, 92.5%, 91.8%, respectiwehile at a dose 25 mg/kg, by 56.2%,
65.0% and 71.5%, respectively. The half maximalahg-inflammatory effect was observed
at the lowest dose, analogously by 46.9%, 50.0%2%9Compound.2 at a dose 50 mg/kg
and 25 mg/kg, reduced carrageenan-induced edemiheitirst hour of measurement by
90.6% and 50.0%, in the second hour of measureler5.0% and 52.5%, and in the third
hour by 79.5% and 61,2%, respectively. Compo@rgiven at a dose 50 mg/kg, suppress
carrageenan-induced edema by 81.3%, 77.5%, 81.6Bp2nand 3 hours of the experiment,
respectively. The same compound, given at the lodase 25 mg/kg, also significantly
significant inhibited edema by 75%, 57.5%, 69.4%mpared to the control group. However,
reduction of the dose lead to a decreased anéirmfiatory activity. Compoun8 showed
statistically significant anti-inflammatory effecgliven in two doses. This compoun#) (
administered at a dose 50 mg/kg and 25 mg/kg, dseck carrageenan- induced edema,
throughout duration of the observation, by 81.28v-7% and 46.8% - 69.3%, respectively.
Compound23 at a dose of 50 mg/kg inhibited paw edema, infitlse second and third hour,
after carrageenan injection, by 65.6%, 65%, 71.#&%pectively. In lower doses (25 mg/kg or
10 mg/kg) the decrease in activity was observedn@mndl18 given in the range 50 mg/kg -
10 mg/kg, showed anti-inflammatory effect. Thiseeffwas intensified, with an increase in
the duration of the experiment, reaching a maxinmre third hour, which was 51.0% (50
mg/kg), 42.8% (25 mg/kg) and 44.8% (10 mg/kg). etden was used as the reference
compound in dosages from 50 to 10 mg/kg. The larges-inflammatory activity was
observed at the highest dose. Ketoprofen admiedteat a dose 50 mg/kg, reduced
carrageenan-induced edema, after the first, secamdl third hour after injection of
carrageenan, by 66.7%, 70.7%, 77.4%, respecti¥edioprofen given intraperitoneally, at a
dose of 25 mg/kg, inhibited edema, in the third rhofithe experiment by 20.0%, 55.0%,
67.3%, respectively, while at a dose 10 mg/kg, segpedema by 26.7%, 55.1% and 62.7%.

Preliminary pharmacological studies showed, thattedted compounds had anti-
inflammatory effect. The strongest inhibition ofppadema was shown at a dose of 50 mg/kg
in three measurement times, in the range from 42db9%2.5%. The compounds administered
at a dose 25 mg/kg, reduced paw edema in the $sesnd and third hour of the experiment
in the range 27.5% - 81.6%, while at a dose 10 qhgikthe range 14.7% -63.2%. In
comparison of the anti-inflammatory properties egted compounds with the activity of the
reference compound, it has been shown, that conts®iiand 10 at all doses, throughout
duration of the experiment, showed stronger atit&nmatory activity than ketoprofen, while
compoundss and9 showed apparently stronger anti-inflammatory atgtithan ketoprofen,
only in the two highest doses.



2.5 Antiproliferative assay

The most important properties in drug discovery cihdescribe the ability of the
compound to be an ideal drug candidate are absargdistribution, metabolism, elimination
and toxicity>> Recently, thén vitro studies are increasingly applied for toxicity $eésdduring
earlier stages of drug discovery. This strategy isliable alternative tm vivo methods and
allows for study of greater number of compoundsdifdnally, thein vitro tests reduce the
usage of animals (3Rs approathMoreover, the toxicity tests, for example antiffeshtive
or cytotoxicity assays, are useful tools in conwerdl anticancer drug discovery and
development’ During this study we used formazan dye based EZdkt for the
determination of antiproliferative effect 8fand10 on HEK-293 and IMR-32 cell lines. The
incubation of HEK-293 cells in the presence of tisted compounds for 48 h showed weak
antiproliferative effect. The reduction of cell kidty was observed only at very high
concentrations: 100 and 250 uM. However, it mudbéqoointed out, that in comparison to
the calculated 16§ value of the standard drug doxorubicin (DX) agaiHEK-293 (455 nM)
the significant antiproliferative effe@ and 10 was observed in more than 200 fold higher
concentration (Fig. 5).

Measured antiproliferative activity of the examingmmpounds against neuroblastoma
cell line IMR-32 was similar to that observed in K293 cells. Compoun@ did not show
any significant effect on cells viability up to tlencentration of 10 uM antl0 up to the
concentration of 100 uM. However, compared to DXldglatedICso: 5.1 nM) the examined
compounds did not possess the significant antieralive activity (Fig. 6).

2.6 Metabolic stability

Thein silico prediction of the sites of metabolism in phasealctions is commonly used
in the preliminary stage of study on the metabpéithway prediction. MetaSite is an example
of the easy and inexpensive computational methadirfosilico prediction of metabolic
transformations related to CYP450 reactions (e 4P8A4). MetaSite identifies the most
likely sites of metabolism in an examined compoand predicts structures of metabolites by
consideration of two factors: a thermodynamic fa¢enzyme-substrate recognition) and a
kinetic factor describing the chemical transformmasi catalyzed by the enzynfé$®
Cytochrome P450 3A4 is known to metabolize the migjoof therapeutics agents and
endogenous substrates and in the recent years, dragyinteractions were documented as
associated with metabolic activity of this cytoame™ In our study, compounds and 10
were examinedn silico in two models of metabolism: liver and CYP3A4 exstuely. For
both compounds8( and 10) in the used models, the highest probability oftahelism
occurred atN-methyl group of piperazine moiety and the suggkesteaction wasN-
demethylation. The locations of metabolic modificas are shown on Fig. 7. The darker
color of the marked functional group indicates leigprobability of its involvement in the
metabolism pathway.

Moreover, we also used luminescent CYP3A4 P450-Ghs¥ay (Promega) for testing
the effects of these two4R ligands 8 and10) on CYP3A4 activitiesln vitro studies with the
recombinant human CYP3A4 isoforms are the reliabéthods for evaluation of metabolic



stability and drug-drug interaction. LuminescentR3A4 P450-Glo™ Assay is based on the
conversion of the Luciferin-PPXE, the beetle D{edn derivative, into D-luciferin by
recombinant human CYP3A4. After addition of theefiiy luciferase the measured
luminescence is used to evaluate the potentiabitidim/induction of CYP3A4 by tested
compounds. The measured amount of light producetiah reaction is proportional to the
CYP3A4 activity>* As is shown on Fig. 8 compoun@sind10did not modulate significantly
of CYP3A4 activity up to 25 puM, whereas the refemmompound ketoconazole inhibited
completely the CYP3A4 activity already at 10 uM.

2.7 X-ray study

From topological point of view, all studied derivas can be expressed in terms of
triazine with the fastened phenyl and piperazinggi The mutual position of all three rings
and suitable crystal architecture depends mainlyherphenyl ring substitution. At the same
time, in the frame of studied group of compoundagyrde of affinity to the designed receptor
must be associated with rings arrangements as agelvith ability to generate suitable
intermolecular interactions. Thus, crystallograpsiedies of compound® (most potent with
para-Cl) and 17 (4-Cl-6-methoxy compound) seem to be sufficient thee description of
structural phenomena for studied triazines.

In both X-ray structures fd8 and17 (Fig. 9) benzene and piperazine rings are slightly
inclined to triazine and the distances between thesnalmost identical (7.08 A and 6.89 A
respectively fol8 and17). Hence the impact of substituents nature andtipason molecule
conformation seems to be insignificant.

However this impact is evident in the pattern oflenales assembling in the crystal.
The main motif in both structures is based on N34 strong H-bond involving free amine
group (N3 nitrogen) and one of three triazine géas. Thus, i the N3-H...N2 attaches
molecules into the dimers, while ¥ molecules are assembled in helix throdgH...N6
hydrogen bond. The N4 triazine nitrogen does nottrdmute to the crystal net. In both
crystals hydrogen bonds from N3 to piperazines &4’ connecting main motifs (for details
see respective Fig. 10 and Fig. 11). Thereforés gvident that benzene ring substituents
nature and position are able to manipulate withctierge of N2 and N6 triazine nitrogens. In
consequence ability to create complexes with desigreceptor depends on the benzene
substitution as was shown with the screening data.

2.8.1n silico molecular and docking studies

In order to determine protein-ligand interactionsl &s possible influence an vitro activity
docking studies for all synthesized ligands, ad a&for two reference compounds?) were
performed. All of the docked ligands showed modetatgood docking score values in the
range of -4.1851(3) to -6.738 ).

As it has been previously described by Jongdjtre HR has two major anchoring points:
ASP94%and GLU182“°. Two possible ligand orientations in the bindiragket of HR has
also been found, which is in agreement with thelystaf Fend® and recent studies of
Schulted® (Fig. 12). For all the obtained docked ligan®28), interactions with only
ASP9432 were found. However, for the most active ligamishis group (e.g5, 8-10, 12)
protonated methylpiperazine nitrogen is in veryselgroximity to GLU182% and might



form weak hydrogen bonds. For most of the compouhgdrogen bond formation between
protonated nitrogen and TYRZ?8 was found. Stabilization of the benzene ring wiar
stacking interactions for compoun8s5, 6, and with pyrimidine ring of compoun was
observed.

For compounds with triazine core, benzene ring dRY stabilize receptor-ligand
complexes through- = stacking interactions with triazine ring for afl ested ligands and
with substituted benzene ring for compoudgs, 6, 17. For compound§, 3, 5, 6 and17 also
additional ligand stabilization througtt = stacking interactions between substituted phenyl
and PHE228>* was observed. For most active compounds in thiess® 10, halogen atoms
para substituted to benzene ring fits in the hydrophopacket formed by VAL6%4>®
ILE69*® and TRP9®? (Fig. 13). It can be observed that for the strutisomers ofg,
compounds4 and5, what is in agreement with Surgand ét.artho and meta substituted
chlorine of 4 and 5 might not fit in the above mentioned pocket. Fbe tmost active
compoundsl and 2 protonated methylpiperazine nitrogen forms a hgdro bond with
THR178“* (Fig. 13), that seems to highly influence the Hitghof ligand in H,R binding
pocket, as well as ligands vitro affinity. Even though the distance between thenatdo not
meet the requirements of hydrogen bond with metegl@iperazine nitrogen, for most active
compounds (only in binding manner A) in this semesthylated piperazine nitrogen was in
very close proximity to THR178%(3,2-3,6 A). Moreover, paying attention to the wityi of
reference compour@with free amine groupnd its position in tR homology model binding
pocket, it could be observed, that the amine gafugwmpound is in very close proximity to
TYR225°!(3,17 A) and thus might influence higher affinit§ @ompound2 (vs e.g.5) to
H4R, by forming hydrogen bond of moderate strengtin wiis moiety.

3.33
5

3. Conclusions

Generally, the change of the substituent in thenph®@oiety largely influenced the R
affinity although it seems that this part of theusture did not decide on the activity but only
influenced its degree. Histaming Ifeceptor antagonist8, with promising submicromolar
affinity (203 nM) and good selectivity ovéiHsR, could be a good lead structure for our
further investigations. X-ray studies indicated pieferences of triazine nitrogen N2 to be the
potential H-bond acceptor in complexes with designeceptor. Molecular modelling and
docking studies allowed to discuss the mode ohligainteraction with elements of histamine
H;R model. Additional preliminary pharmacological dits demonstrated tha vivo anti-
inflammatory properties of tested triazines. Thieced compounds8(and10) did not show
the significant antiproliferative effect and didtmoodulate CYP3A4 activity.

4. Experimental

4.1 Chemistry

Melting points were determined on MEL-TEMP Il apgiais and are uncorrected. IR
spectra were measured as KBr pellets on FT Jas@péRtrometer. Mass spectra (LC/MS)
were performed on Waters TQ Detector mass specte(nn’lbl-NMR andC NMR spectra
were recorded on Varian-Mercury 300 MHz spectromgteDMSO-ds. Chemical shifts in



'H-NMR spectra are expressed in ppm downfield fraeaterated solvent signal treated as
reference. Data are reported in the following ardeultiplicity (br, broad; def, deformed; s,
singlet; d, doublet; t, triplet; m, multiplet; Pbhenyl; Pp, piperazine), approximate coupling
constants) in Hertz (Hz), number of protons. LC- MS were @arout on a system consisting
of a Waters Acquity UPLC, coupled to a Waters TQ&8smspectrometer. Retention time$ (t
are given in minutes. The UPLC/MS purity of alldincompounds was determinated (%).
Elemental analyses (C, H, N) were measured on Eieah®ario-EL Il instrument and are
within £ 0.5% of the theoretical values. TLC wagreal out using silica gel J; plates
(Merck). The spots were visualized with Dragendsrf€agent or by UV absorption at 254
nm.

4.1.1. General procedure for synthesis of 1,3,5-triazine3-22)

To 10 mL of absolute methanol was added 10 mmebdfum and then 4-methylpiperazin-1-
yl biguanidine x 2HCI (5 mmotj and the appropriate carboxylic acid ester (5 mnibe
reaction mixture was refluxed for 15-30 h and 10 aflwater was added and stirred in the
room temperature for 0.5h. The precipitate wasrségd and crystallized from methanol.

4.1.2. 4-(4-methylpiperazin-1-yl)-6-phenyl-1,3,5-tazin-2-amine (3)

White solid. Mp. 171-17%C. Yield:21% (280 mg). GHiaNg (MW 270.33). *H-NMR
[DMSO-dg): 6=8.28 (m, 2H, Ph 2,64), 7.41-7.53 (m, 3H, Ph 3,413}, 6.89 (br s, 2H, -N,),
3.78 (br s, 4H, Pp-2,B8, 2.33 (t, 4H,J=4.87 Hz, Pp-3,3), 2.19 (s, 3H, E3). °C NMR
[DMSO-ds]: & (ppm) 170.1, 167.7, 165.2, 137.4, 131.7, 128.@.24254.9, 46.3, 43.0. IR
(KBr) [cm™] v= 3348 (br NH). LC/MS"": purity: 100%, £=2.40,(ESI)m/z[M+H] * 271.19.

4.1.3. 4-(4-methylpiperazin-1-yl)-6-(2-chloro-pheni-1,3,5-triazin-2-amine (4)

White solid. Mp. 214-21%. Yield:5% (80 mg). GiHi/NeCl (MW 304.79). *H-NMR
[DMSO-ds]: $=7.62-7.57 (m, 1H, Ph-BP, 7.50-7.34 (m, 3H, Ph-4,518), 6.97 (br s, 2H,
NH,), 3.73-3.65 (m, 4H, Pp-2,8), 2.30-2.20 (br s, 4H, Pp-313), 2.17 (s, 3H, Es). *C
NMR [DMSO-ds]: & (ppm) 172.0, 167.3, 164.7, 138.0, 131.2, 130.4,3,254.8, 46.2. IR
(KBr) [cm™] v= 3298, 3121 (br NpJ. LC/MS™": purity: 100%, §¢=2.54, (ES)m/z [M+H]*
305.16.

4.1.4. 4-(4-methylpiperazin-1-yl)-6-(3-chloro-phenly-1,3,5-triazin-2-amine (5)

White solid. Mp 196-19%. Yield:11% (160 mg). GH:1/N¢Cl (MW 304.79). *H-NMR
[DMSO-dy]: $=8.25-8.21 (m, 1H-Ph-B), 8.21-8.19 (m, 1H, Ph-B), 7.60-7.55 (m, 1H, Ph-
4-H), 7.49 (t, 1HJ = 7.7 Hz, Ph-34), 6.98 (br s, 2H, N,), 3.90-3.65 (br s, 4H, Pp-2}6),
2.40-2.30 (m, 4H, Pp-3,8), 2.19 (s, 3H, El3). IR (KBr) [cm™] v= 3384 (br NH). °C NMR
[DMSO-dg]: & (ppm) 168.8, 167.6, 165.2, 139.6, 133.6, 131.8,71,3127.8, 126.8, 54.8, 46.2.
LC/MS™": purity: 99.7%, #=2.54, (ESI)m/z [M+H]* 305.25. Anal. Calcd for GH17N¢Cl:
C55.16, H5.62, N27.58; Found: C55.30, H5.69, N27.65

4.1.5. 4-(4-methylpiperazin-1-yl)-6-(3-methyl-phenly-1,3,5-triazin-2-amine (6)

White solid. Mp 187-19C. Yield:11% (160 mg). GH2oNs (MW 284.36). 'H-NMR
[DMSO-dg]: $=8,05-8,08 (m, 2H, Ph 48), 7,31-7,34 (m, 2H, Ph-2)8), 6,86 (br s, 2H, -
NH,), 3,78 (br.s, 4H, Pp 3,8), 2,33 (t.def, 7H, Pp-3,6-+ PhCHs), 2,19 (s, 3H, E). 1°C



NMR [DMSO-di]: & (ppm) 170.2, 167.6, 165.3, 137.7, 137.4, 132.8.7,2128.5, 125.5,
54.9, 46.3, 43.0, 21.5. IR (KBr) [c‘ﬁ1 v= 3323, 3140 (br N}. LC/MS™: purity: 98.8%,
tr=2.93, (ESI)m/z [M+H]" 285.29. Anal. Calcd for HoNe: C63.36; H7.09; N29.55;
Found: C63.25; H7.20; N29.34.

4.1.6. 4-(4-methylpiperazin-1-yl)-6-(3-cyano-phenyil,3,5-triazin-2-amine (7)

White solid. Mp 242-24%C. Yield:13% (190 mg). GH17N7 (MW 295.34) *H-NMR [DMSO-
dg]: 6=8.61-8.53 (m, 2H, Ph-2,8), 7.99 (dt,J;= 7.7 Hz,J, = 1.5 Hz, 2H, Ph-4), 7.69 (t,
J,=7.7 Hz, 1H, Ph-5-H), 7.04 (br s, 2HH)), 3.80 (br s, 4H, Pp-2,8), 2.34 (def t, 4H, Pp-
3,5H), 2.20 (s, 3H, €3). **C NMR [DMSO-dj: 5 (ppm) 168.3, 167.5, 165.08, 138.6, 135.0,
132.7, 131.6, 130.2, 119.1, 111.9, 54.8, 39.9®,483.0. IR (KBr) [crT] v= 3431, 3294 (br
NH,). LC/MS™: purity: 99.4%, 4=2.82, (ESI)m/z[M+H]" 296.26. Anal. Calcd for gH1/N+:
C61.00, H5.80, N33.20; Found: C60.59, H5.84, N32.70

4.1.7. 4-(4-methylpiperazin-1-yl)-6-(4-chloro-phenl-1,3,5-triazin-2-amine (8)

White solid. Mp 229-23%C. Yield: 20% (300 mg). GH1/NeCl (MW 304.79).'H-NMR
[DMSO-dg]: 6=8.30-8.20 (m, 2H, Ph-2,8), 7.60-7.45 (m, 2H, Ph-38), 6.94 (br s, 2H,
NH,), 3.90-3.65 (br s, 4H, Pp-218), 2.40-2.30 (m, 4H, Pp-38), 2.19 (s, 3H, Es). *C
NMR [DMSO-d]: d (ppm) 169.2, 167.6, 165.2, 136.4, 136.3, 130.@.8,254.8, 46.2. IR
(KBr) [cm™] v= 3322, 3138 (br NpJ. LC/MS™": purity: 100%, §=3.60, (ES)m/z [M+H]*
305.23. Anal. Calcd for gH;7/NgCIl: C55.16, H5.62, N27.58; Found: C54.79, H5.757182.

4.1.8. 4-(4-methylpiperazin-1-yl)-6-(4-fluoro-pheni)-1,3,5-triazin-2-amine (9)

White solid. Mp 198-20%C. Yield:15% (210 mg). GHiNgF (MW 288.33).'H-NMR
[DMSO- di: 6= 8.36-8.29 (m, 2H, Ph-2,8), 7.29-7.24 (m, 2H, Ph-38), 6.91 (br s, 2H,
NH,), 3.90-3.65 (br s, 4H, Pp-218), 2.34-2.31 (m, 4H, Pp-38), 2.19 (s, 3H, E5). °C
NMR [DMSO-ds]: & (ppm) 169.2, 167.6, 165.2, 133.9, 130.7, 130.6,7,1115.4, 54.8, 46.2,
43.0. IR (KBr) [cm'] v= 3318, 3138 (br Nb. LC/MS™: purity: 96.3%, §=2.83, (ESI)m/z
[M+H] " 289.21.

4.1.9. 4-(4-methylpiperazin-1-yl)-6-(4-bromo-phenyt1,3,5-triazin-2-amine (10)

White solid. Mp 243-24%. Yield:17% (350 mg). GH1/NgBr (MW 349.23).'H-NMR
[DMSO-dg): 8.20 (d,J= 8.7 Hz, 2H, Ph-2,64), 7.66 (d,J= 8.7 Hz, 2H, Ph-3,%4), 6.95 (br s,
2H, NH.), 3.78 (br s, 4H, Pp-2,8), 2.33 (t,J=4.9 Hz, 4H, Pp-3,54), 2.19 (s, 3H, E3). °C
NMR [DMSO-ds): & (ppm) 169.3, 167.6, 165.2, 136.7, 131.742.99, 216524.81, 125.44,
130.23, , IR (KBr) [crit] v= 3325, 3141 (br NpJ. LC/MS™": purity: 100%, §=3.77, (ESI)
m/z [M+] 349.24. Anal. Calcd for GH;7/NgBr: C48.15, H4.91, N24.06; Found: C48.15,
H5.06, N24.09.

4.1.10. 4-(4-methylpiperazin-1-yl)-6-(4-iodo-phenyl,3,5-triazin-2-amine (11)

Light yellow solid. Mp 242-24%C. Yield:18% (360 mg). GH1/Ng¢l (MW 396.23).*H-NMR
[DMSO-ds): 6= 8.04 (d,J=8.7 Hz, 2H, Ph-2,64), 7.84 (d,J=8.5 Hz, 2H, Ph-3,54), 6.91 (br
S, 2H, NHy), 3.78 (br s, 4H, Pp-2,8), 2.33 (t,J=5.1Hz, 4H, Pp-3,%), 2.20 (s, 3H, Ey).
¥C NMR [DMSO-d]: & (ppm) 169.5, 167.6, 165.1, 137.6, 137.0, 130.23, 9.8, 46.2. IR



(KBr) [cm™] v= 3324, 3142 (br NpJ. LC/MS™: purity: 98.6%, ¢=3.95, (ES)m/z[M+H]*
397.23. Anal. Calcd for GH17Nel: C42.44, H4.32, N21.21; Found: C42.33, H4.37, 1820

4.1.11. 4-(4-methylpiperazin-1-yl)-6-(4-methylpheny-1,3,5-triazin-2-amine (12)

White solid. Mp. 216-21%C. Yield:16% (223 mg). GHaNg (MW 284.36). 'H-NMR
[DMSO-ds]: $=8.19 (d,J=8,1 Hz, 2H, Ph 2,64), 7.27 (d,J=8.0 Hz, 2H, Ph 3,5), 6.84 (br s,
2H, -NH,), 3.79 (br s, 4H, Pp 28, 2.35 (m, 7H, Pp-3,5+ +Ph-CHs), 2.21 (s, 3H, ). °C
NMR [DMSO-d]: & (ppm) 170.1, 167.6, 165.2, 141.5, 134.7, 129.8,2254.9, 46.3, 42.9,
21.5. IR (KBr) [cm'] v= 3319 (br NH). LC/MS"": purity: 100%, ,&=2.92, (ESI)m/z[M+H]*
285.29. Anal. Calcd for gH»0Ng: C63.36, H7.09, N29.55; Found: C63.92, H7.16, M29.

4.1.12. 4-(4-methylpiperazin-1-yl)-6-(4-trifluoromehylphenyl)-1,3,5-triazin-2-amine (13)
White solid. Mp 204-20%C. Yield:6% (100 mg). GHi17NeFs (MW 338.34). 'H-NMR
[DMSO-dg): 6=8.47 (d, 2HJ= 8.79 Hz, Ph-2,64), 7.85 (d, 2HJ= 8.75 Hz, 7.03 (br s, 2H,
NH,), 3.81 (br s, 2H, Pp-2,8), 2.36 (t, 4HJ=4.9 Hz, 4H, Pp-3,5), 2.21 (s, 3H, E3). 1°C
NMR [DMSO-dj: d (ppm) 168.9, 167.6, 165.1, 141.4, 141.3, 131.2,.3,3128.9, 126.4,
125.7, 125.6, 122.8, 54.8, 46.2, 43.0, 43.0. IR fKBmM'] v= 3336, 3145 (br Nb).
LC/MS™: purity: 99.5%, §=4.10, (ESI)m/z [M+H]* 339.26. Anal. Calcd for &H17NgFs:
C53.25, H5.06, N24.84; Found: C53.03, H4.98, N25.11

4.1.13.4-(4-methylpiperazin-1-yl)-6-(4-cyanophenyl)-1,3,%fazin-2-amine (14)

White solid. Mp. 208-21%C. Yield 12% (170 mg). GH:i/N; (MW 295.35). 'H-NMR

[DMSO-ds): 6=8.40 (ddJ;= 8.5 Hz;J,= 4.9 Hz, 2H, Ph-2,64), 7.93 (dd J;= 8.2 Hz,J,=5.1
Hz, 2H, Ph-3,54), 7.05 (br s, 2H, Ny), 3.80 (br s, 4H, Pp-2,8), 2,33 (def t, 4H, Pp-3,6h,

2.19 (s, 3H, E3). LC/MS™: (ESI) [M+H]* 296. Anal. Calcd for GH1/N7: C61.00, H5.80,
N33.20; Found: C60.62, H5.96, N32.96.

4.1.14. 4-(4-methylpiperazin-1-yl)-6-(4-(dimethylanmo)phenyl)-1,3,5-triazin-2-amine

(15)

White solid. Mp. 253-258C. Yield 4% (60 mg). GH2sN7 (MW 313.40).*H-NMR [DMSO-

dg]: 8.11 (d,J= 8.98 Hz, 2H, Ph-2,6t), 6.70 (d,J= 9.0 Hz, 2H, Ph-3,H), 6.66 (br s, 2H,
NHy), 3.76 (br s, 4H, Pp-2,8), 2.96 (s, 6H, N-(B3),), 2.31 (t,J=4.9 Hz, 4H, Pp-3,54),
2.19 (s, 3H, El3). *C NMR [DMSO-d: 8 (ppm) 170.2, 167.5, 165.2, 152.8, 129.7, 124.3,
111.3, 54.9, 46.2, 42.8, 39.9. IR (KBr) [éinv= 3277, 3079 (br Np. LC/MS™: purity:
99.6%, £=2.26, (ESI)m/z[M+H]" 314.40. Anal. Calcd for fgH,3N7: C61.32, H7.40, N31.28;
Found: C61.47, H7.45, N31.19.

4.1.15. 4-(4-methylpiperazin-1-yl)-6-(3-chloro-4-ntaoxyphenyl)-1,3,5-triazin-2-amine
(16)

White solid. Mp 233-23%. Yield:8% (130 mg). GHiNOCl (MW 334.81).*H-NMR
[DMSO- dy: 6=8.25 (s, 1H, Ph-M), 8.21 (d, 2HJ= 8.5 Hz, Ph-a4), 7.21 (d, 1HJ = 8.7
Hz, Ph-5H), 6.98 (br s, 2H, N,), 3.91 (s, 3H, O83), 3.90-3.65 (br s, 4H, Pp-218}, 2.40-
2.30 (m, 4H, Pp-3,H), 2.19 (s, 3H, €3). *C NMR [DMSO-d]: & (ppm) 168.7, 167.5,
165.1, 157.3, 130.7, 129.5, 128.6, 121.3, 112.8,581.9, 46.3. IR (KBr) [ci] v= 3434 (br



NH,). LC/MS™: purity: 97.4%, #=3.37, (ESI)m/z [M+H]" 335.28. Anal. Calcd for
Ci1sH10N6OCI: C53.81, H5.72, N25.10; Found: C53.73, H5.84, N95.

4.1.16. 4-(4-methylpiperazin-1-yl)-6-(3-chloro-6-nthoxyphenyl)-1,3,5-triazin-2-amine
(17)

White solid. Mp 198-20%C. Yield:31% (520 mg). GH1oNsOCIl (MW 334.81).'H-NMR
[DMSO- d]: $=7.45-7.39 (m, 2H, Ph-4,8), 7.08 (d, 1H,J = 9.5 Hz, Ph-34), 6.88 (br s, 2H,
NHy), 3.80-3.60 (m, 7H, Pp-2/8-+ OCHs), 2.35-2.20 (m, 4H, Pp-38), 2,17 (s, 3H, E3).
3%C NMR [DMSO-d]: & (ppm) 171.3, 167.1, 164.85, 156.4, 130.5, 13028.8, 124.2,
114.6, 56.6, 54.7, 46.2, 42.9. IR (KBr) [¢inv= 3358 (br NH). LC/MS™: purity: 100%,
tr=2.35, (ESI)m/z[M+H]" 335.28. Anal. Calcd for £H19NsOCI : C53.81, H5.72, N25.10;
Found: C53.46, H5.80, N24.85.

4.1.17. 4-(4-methylpiperazin-1-yl)-6-(3,4-dichloropenyl)-1,3,5-triazin-2-amine (18)
White solid. Mp. 214-21%. Yield:3% (40 mg). @HieNeCl, (MW 339.22). 'H-NMR
[DMSO-ds): 6=8.39 (d,J=2.1 Hz, 1H, Ph-H), 8.21 (ddJ=10.1 Hz,J=2.1 Hz, 1H, Ph-64),
7.73 (d,J=8.5 Hz, 1H, Ph-34), 7.01 (br s, 2H, -Ny), 3.78 (br s, 4H, Pp-3,8), 2.33 (t,
J=4.2 Hz, 4H, Pp-3,54), 2.19 (s, 3H, E3). **C NMR [DMSO-d]: & (ppm) 168.1. 167.5,
165.1, 138.1, 134.3, 131.6, 131.1, 129.7, 128.8,56.2, 43.0. IR (KBr) [ci] v= 3371 (br
NHy). LC/MS™: purity: 100%, £=4.37, (ESI)m/z[M+H]* 339.20.

4.1.18.4-(4-methylpiperazin-1-yl)-6-(2,6-difluorophenyl)-13,5-triazin-2-amine (19)

White solid. Mp. 218-21%C. Yield 3% (40 mg). ©HieNeF> (MW 306.32). *H-NMR
[DMSO-dg): 6=7.50 (m, 1H, Ph-#H), 7.03 (m, 4H, Ph-3,5 + NH,), 3.68 (br s, 4H, Pp-2,6-
H), 2.29 (br s, 4H, Pp-3,8), 2.18 (s, 3H, €). ). *C NMR [DMSO-d]: & (ppm) 167.0,
166.4, 164.6, 161.6, 161.5, 158.2, 131.5, 112.8,11154.7, 46.2, 42.9. IR (KBr) [cfh v=
3328, 3157 (br Nb. LC/MS™: purity: 98.9%, ¢=2.28, (ESIm/z[M+H]" 307.29.

4.1.19. 4-(4-methylpiperazin-1-yl)-6-(3,5-difluoropenyl)-1,3,5-triazin-2-amine (20)

White solid. Mp. 225-22C. Yield:5% (72 mg). ©HiNeF2 (MW 306.32). *H-NMR
[DMSO-t]: 6=7.897.82 (m, 2H, Ph-2,64), 7-46-7.37 (m, 1H, Ph-#b, 7.03 (br s, 2H,
NH,), 3.80 (br s, 4H, Pp-2,8, 2.33 (t,J = 4.87 Hz, 4H, Pp-3,5%), 2.19 (s, 3H, E). *°C
NMR [DMSO-d&j: o (ppm) 167.9, 165.1, 164.4, 161.2, 141.6, 111.D. Bl 107.0, 54.8,
46.2, 43.1. IR (KBr) [cnt] v= 3386 (br NH). LC/MS"": purity: 100%, £&=3.51, (ESI)m/z
[M+H]* 307.29. Anal. Calcd for gH1eNeF.: C54.89; H5.27; N27.42; Found: C54.62; H5.02;
N27.72.

4.1.20. 4-(4-methylpiperazin-1-yl)-6-(3,4,5-triflucophenyl)-1,3,5-triazin-2-amine (21)
White solid. Mp. 186-18%&. Yield 3% (25 mg). ©HisN/Fs (MW 324.29). *H-NMR
[DMSO-dg]: 6=8.04 (m, 2H, Ph-2,64), 7.05 (br s, 2H, Ny), 3.78 (br s, 4H, Pp-2,8), 2.32
(t, J=4.9 Hz, 4H, Pp-3,54), 2.19 (s, 3H, El3). *C NMR [DMSO-d]: 5 (ppm) 167.4, 165.0,
152.4, 149.1, 134.4, 112.6, 112.3, 112.3, 54.8],483.0. LC/MS'" purity: 96.2%, 4=3.94,
(ESI) m/z[M+H]" 325.24.

4.1.21. 4-(4-methylpiperazin-1-yl)-6-(3,5-dimethylpenyl)-1,3,5-triazin-2-amine (22)



White solid. Mp.156-16%C. Yield 8% (129 mg). GH22Ns (MW 299.39).*H-NMR [DMSO-
dg]: 6=7.88 (s, 2H, Ph-2,6%), 7.12 (s, 2H, Ph-#), 6.86 (br s, 2H, -N>), 3.77 (br s, 4H, Pp
2,6-H), 2.30 (m, 10H, Pp-38-+ Ph-3,5-G13), 2.19 (s, 3H, E3). *C NMR [DMSO-d]: &
(ppm) 175.1, 172.3, 167.0, 142.3, 142.1, 137.8,8,389.6, 51.0, 47.7, 44.7, 26.2. IR (KBr)
[cm™] v= 3378 (br NH). LC/MS"": purity: 100%, =3.47, (ESI)m/z[M+H]* 299.31. Anal.
Calcd for GgH22Ng: C64.40, H7.43, N28.16; Found: C64.37, H7.76, NQ7.

4.1.22. 4-(4-methylpiperazin-1-yl)-6-(3,4-dimethylpenyl)-1,3,5-triazin-2-amine (23)

White solid. Mp. 223-22%. Yield 18% (259 mg). GH2:Ng (MW 299.39). *H-NMR
[DMSO-d): 6=7.88 (s, 2H, Ph-2,6%), 7.12 (s, 2H, Ph-#), 6.86 (br s, 2H, -N>), 3.77 (br s,
4H, Pp 2,6H), 2.30 (m, 10H, Pp-3,6+ + Ph-3,4-®3), 2.19 (s, 3H, E3). *C NMR [DMSO-
dg]: © (ppm) 170.2, 167.6, 165.3, 140.2, 136.3, 135.0,8,2129.2, 125.9, 54.9, 46.3, 20.0. IR
(KBr) [cm™] v= 3289 (br NH). LC/MS™: purity: 100%, §=3.27, (ESI)m/z[M]* 299.31.
Anal. Calcd for GegH2oNg: C64.40, H7.43, N28.16; Found: C64.28, H7.46, N37.

4.2 Pharmacology
4.2.1.1n vitro [*H]histamine binding assay orhH4R

Before the experiments, cell membranes were sed@ddry a 10-min centrifugation at
+4°C and 16,000 g and resuspended in binding buffer (12.5 mM MgCImM EDTA and
75 mM Tris/HCI, pH 7.4). Competition binding expeents were carried out by incubating
membranes, 35-4Qug/well (prepared from Sf9 cells transiently expnegshHR, co-
expressed with G- proteinoz and @By, subunits) in a final volume of 2Q¢L containing
binding buffer and*¥H]histamine (10 nM). Assays were run in triplicateih four to seven
appropriate concentrations between 0.1 nM and iM0of the test compound. Incubations
were performed for 60 min at room temperature dnading at 250 rpm. Non-specific binding
was determined in the presence of (M unlabeled JNJ7777120. Bound radioligand was
separated from free radioligand by rapid filtratibinough GF/B filters pretreated with 0.3%
(massl/vol) polyethylenimine (PEI) solution and weghhree times with 0.3 mL of ice-cold
binding buffer (+4°C). The amount of radioactivigllected on the filter was determined by
liquid scintillation counting. Competition bindingata were analyzed by the software
GraphPad Prism™ (version 3.02, San Diego, CA, UB#ihg non-linear least squares fit.
Affinity values (K) were expressed as mean + standard deviation §8®)mean absolute
deviation (MD). K values were calculated from thes¢Gvalues according to Cheng—Prusoff
equatior®.

4.2.2. cAMP accumulation assay in cells expressihgi 4R

Intracellular cAMP accumulation was measured witlombgenous TR-FRET
immunoassay, using LANCHItra cAMP kit (PerkinElmer). Frozepirradiated recombinant
CHO cells, expressing the human histamineréteptor were thawed completely in a 37°C
water bath and resuspended in stimulation buff@g8, 100M RO-201724, 5mM HEPES,
0.1% BSA, pH 7.4). An antagonist dose-responserarpats were performed in a total assay
volume of 20ul in white 384-well plates, using 600 cells/wellelC stimulation was
performed for 30 min at room temperature, and hsta (140 nM), forskolin (1@M) and



antagonists in appropriate concentrations (in re8¥@®0uM) were added simultaneously to
cell suspension. After incubation, five microlites§ europium (Eu) chelate-labeled cAMP
tracer and pl of ULight-labeled anti-cAMP mAb working solutions were addedxed and
incubated for 1 h. TR-FRET signal was read on a8te microplate reader (PerkinElmer).
Measured TR-FRET signal was translated into acjualntities of produced cAMP on the
basis of cCAMP standard curve and obtained resudte \presented as % of maximal response.
Sigmoidal dose-response curve fitting was performid use of GraphPad Prism™ software
(version 5.01, San Diego, CA, USA). Showed restdfmesent the mean of three separate
experiments, each performed in triplicates.

4.2.3.1n vitro [*H]N“methylhistamine binding assay orhH3R

Prior to the binding experiments, thawed cell meanbs were homogenized by
sonication in ice-cold binding buffer (12.5 mM MgC100 mM NaCl and 75 mM Tris/HCI,
pH 7.4). Competition binding experiments were earout in total volume of 2Q0 per
sample. {H]N*methylhistamine (2 nM) was incubated with HEK283:R cells membranes
(20-25ug/well) and different concentrations of the testechpound. Assays were run at least
in duplicates with seven appropriate concentratadnavestigated ligand, spanning from 0.01
nM to 100uM. Samples were incubated for 90 min at 25 °C whlking (250 rpm). Non-
specific binding was determined in the presenceelidctive histamine KHreceptor inverse
agonist/antagonist - pitolisant (4M). The bound radioligand was separated from free
radioligand by filtration through GF/B filters, pmeated with 0.3% (m/v) PEI, followed by
three washing steps with 0.3 ml/well of ice-coldsiiag buffer (50 mM Tris/HCI, 120 mM
NacCl, pH 7.4). Competition binding data were anatyzimilarly as for FR affinity studies,
utilizing GraphPad Prism™ software non-linear lesgtiares fit (version 3.02, San Diego,
CA, USA) and Cheng—Prusoff equatian

4.2.4.1n vivo Anti-inflammatory activity

The activity of compounds was determinigd vivo using the Carrageenan-Induced
Edema Model in mice. Male albino Swiss mice (18¢@5vere used for these studies. The
animals were housed and fed in a laboratory kepbastant temperature of 22°C under the
standard conditions (12:12 h L:D cycle, standarliepéiet, tap water). Each experimental
group consisted of 8 animals/dose and all the dsimare used only once. Treatment of the
used laboratory animals in the present study wdsllimccordance with the respective Polish
and European regulations and was approved by thealL&thics Committee at the
Jagiellonian University, Cracow, Poland.

4.2.4.1. Determination of anti-inflammatory activites of investigated compounds

Male Swiss albino mice (18-25 g) were used in higadv edema test. Mice were
divided into four groups, one of them being thetomnIn order to produce inflammation, 0.1
ml of 1% carrageenan solution in water was injeatéal hind paws subplantar tissue of mice,
according to the modified method of Wirfteand Lenc&. The development of paw edema
was measured with a plethysmometr (Plethysmome#0,70Ugo Basile). Prior to this
administration, paw diameters were measured bydedrgi and recorded. The investigated



compounds were administered at doses of 10, 2md@Rg, intraperitonally (as a suspension
in methylcellulose), prior to carrageenan injectibtethylcellulose was administered by the
same route, to the control group (methylcelluload ho effect on edema, data not shown).
After these administrations, paw diameters weresonea at 1, 2, and 3 hours, % of edema
and edema inhibition was calculated according ¢dfdhmulas given below.

Edema % = (N'x100)/N.
Edema inhibition % = (N-N’x100)/N.

N: paw diameters measured 1, 2 and 3 hours afttion of carrageenan to the control
group — paw diameters at the beginning.

N’: paw diameters measured 1, 2, and 3 hours mfiestion of carrageenan to the test groups
— paw diameters at the beginning.

Data are expressed as mean = SEM (Table 2; suppiahmeaterial) A value of P < 0.05 was
considered statistically significant. The obtairdata were evaluated by the Student’s t-test
for grouped data. The software package GraphPaimPYfi (version 6.0, San Diego, CA,
USA) was used to process data.

4.2.5. Antiproliferative assay
4.2.5.1 Cell lines

HEK-293 and IMR-32 cell lines were cultured in Dedico’s Modified Eagle’s Medium
- DMEM (Gibco). Complete growth media contained %0Ofetal bovine serum (FBS), 100
mg-mL* streptomycin and 100 U-riLpenicillin. Cells were cultured at 37°C in an
atmosphere containing 5% GONeuroblastoma IMR-32 cell line was provided by
Department of Oncogenomics, Academisch Medischr@emtAmsterdam, Holland. Human
embryonic kidney HEK-293 cell line (ATCC CRL-157@)s kindly donated by Prof. Dr.
Christa Miller (Pharmaceutical Institute, PharmaicalChemistry I, University of Bonn).

4.2.5.2In vitro antiproliferative assay

The cells were seeded in 96-well plates at a canmtion of 2 x 16 cells/well (IMR-
32) or 1.5 x 1bcells/well (HEK-293) in 20Qu culture medium and routinely cultured for 24
h to reach 60 % confluence. Next, the stock sahgtiof examined compounds in DMSO were
diluted into fresh growth medium and added into riieroplates at the final concentrations
0.01 uM — 250 uM. The maximal DMSO concentration did not exceed. Xfter 48 h of
incubation 20ul of EZ4U labeling mixture (EZ4U Non-radioactive liceroliferation and
cytotoxicity assayBiomedica) was added to the each well and the eale incubated under
the same conditions for 5 Tihe absorbance of the samples was measured using@plate
reader (PerkinElmer) at 492 nm. The activity of #tandard drug doxorubicin (DX) was
estimated in the same way at the concentratio081650uM for IMR-32 cells and at 0.005-
100 uM for HEK-293 cells. GraphPad Prism™ software (1@$5.01, San Diego, CA, USA)
was used to calculate th@so values.



4.3. Physicochemical studies
4.3.1. Metabolic stability
4.3.1.1.In sllico study

The metabolic biotransformation of,Rl ligands8 and10 was studiedn silico by using
computational procedure MetaSite 4.1.1 providedimjecular Discovery Ltd. The potential
sites of metabolism were analyzed using either lorecytochrome CYP3A4 computational
model exclusively.

4.3.1.2.In vitro CYP3A4 P450-Glo™ Assay

The luminescent CYP3A4 P450-Glo™ Assay was purchasem Promega. The
CYP3A4 inhibitor ketoconazole was purchased frogn&i-Aldrich. The enzymatic reactions
were performed in white polystyrene, nontreateat-lflottom multiwall 2 AreaPlate™ - 96
(PerkinElmer). The luminescence signal was measus#ith a microplate reader in
luminescence mode (PerkinElmer). The CYP3A4 P459"Glassays were performed
according to the manufacturer’s procedure. The uméxtconsisting 0.5 pmol of CYP3A4
membranes and 4X Luciferin-PPXE in 100mM Tris-HGisatitrated in 96-well plate. Next,
an equal volume of the test compound or LuciferieeFWater or ketoconazole (inhibition
control) was added to give one-half of the finadat®on volume. After the 10-minute pre-
incubation one-half of the final volume of 2X NADPtdgeneration system was added to
initiate CYP3A4 reaction. The final concentratiasfsTR7 and TR18 were 0.029M — 25
uM, the CYP3A4 inhibitor ketoconazole 0.0g@M - 10 uM and Luciferin-PPXE 25 mM. The
total volume of DMSO did not exceed of recommendgananufacturer 0.2 %. The reaction
mixture with inactive control membranes (controlpsvprepared simultaneously as was
described above. The reaction mixture was incubatt&¥ °C for 30 minutes. Afterwards, to
initiate the luminescence the reconstituted LuaifdDetection Reagent containing firefly
luciferase was added. The luminescence was measiied20 minutes incubation of the
reaction mixture at room temperature. For calcafatine total luminescence the average
luminescence of the control reaction containingiive membranes was subtracted from the
luminescence of CYP3A4 containing reactions. Theihescence of the reactions containing
Luciferin-Free Water instead of the tested compointicated the total (100%) CYP3A4
activity.

4.3.2. X-ray crystal structures determination

The relevant crystals were obtained from methaahit®ns. Pertinent crystallographic
parameters are summarized in Table 3 and selea&itmparameters are presented in Table 4
(supplemental material). The structures were solbgddirect methods and refined with
SHELXTL®". E-map provided positions for all non-H-atoms. Th#-matrix least-squares
refinement was carried out orf'$ using anisotropic displacement factors for ahiH-
atoms. All C-bound H atoms were placed in idealifmzhtions and were refined using a
riding model, with C—H = 0.93 A andidy(H) = 1.2UC). The H-atoms attached to nitrogens
were located in difference Fourier map and refinitti the restraints N-H = 0.86 A andsk+
1.2UsN).



Further details on the CIF files are available fritte Cambridge Crystallographic Data
Center, 12 Union Road, Cambridge CB2 1EZ quotimgd@position numbers CCDC 913574
& 913575 (Fax: Int code + (1223)336-033; E-mailpagit@ccdc.cam.ac.uk).

Crystal data for8: Ci4 Hi7 Ns Cls, M = 304.79, monoclinic, space group;2a = 6.4519(4)
A b= 16.5378(14A, ¢ = 13.9923(10), B= 91.056(7), V = 1492.73(194°% Z = 4, D, =
1.356 g crit, T =293 K, u = 0.259 mh A = 0.71073A, data/parameters = 2649/ 191; final
R1 = 0.0678.

Crystal data forl7. Cis Hi9 Ns O CI S, M = 334.81, monoclinic, space group Cc, a =
12.9909(5)A, b = 18.2448(7), ¢ = 7.3449(4R, B = 113.968(5), V = 1590.75(144°, Z =
4,D,=1.398 gcil, T=293K, u =0.255 mh A = 0.71073A, data/parameters = 2607/
211; final R = 0.0258.

4.3.3.1n silico molecular and docking studies

4.3.3.1. Homology model

Histamine H receptor homology model used in this studies wait lon the basis of
previously described and published crystal strgctoir histamine K receptor (PDB entry:
3RZE), paying attention to mutagenesis data destiiity Jongejan et &.

After the alignment of sequences, a total of 100del® was obtained using Modeffer
Models were then fitted to 4R crystal structure using Schrodinger softwWarMissing side
chains were added using Prime module, H-bonds amtron and energy minimization
(using OPLS2005 forcefield) was then performed gsiArotein Prepararion Wizard
implemented in Schrodinger suite. Structures evi@monaand stereochemical analyses were
performed using PROCHECK and Ramachandran plots. Further docking studiesed to
choose one model used for docking studies. Obtaimmikl lacks the large intracellular loop,
due to its length difference in desired;R) and template (HR) model.

4.3.3.2. Ligands

For this study two crystal structures of ligan8sand 18 were used. For the tested set of
compounds energetically optimal conformers werenfbusing ConfGen and prepared using
LigPrep module. For all of the structures 5 enecgély best conformations were used for
docking. All of the tested compounds were usedh&irtN-protonated form.

Receptor grid was generated by GlideGrid module \allated with known histamine jH
receptor ligands 4-methylhistamine and JNJ 7777&20prding to the procedure described
by Fend®. Docking studies were performeih GlideDock module. Results were interpreted
by the means of Docking Score functions. Recepgand interactions were visualized using
PyMOL*.
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Table 1. Histamine HR affinities of synthesized compoungi®3.

CH,
No R Histamine H4R n™ No R Histamine H4R n™
affinity® affinity?
Ki [nM] = SD (MD) Ki [nM] £ SD (MD)
3 : _ 1099 + 485 (345) 3@ 14 : _ 2358 + 1277 (903) | 1@
NC
4 cl 1261 +332 (235) 20 15 : _ 64490 + 31396 (22200) 2@
©/ (CH3 2N
5 C|\©/ 408 + 134 (99) 3@ 16 CID/ 1472 + 57 (41) 2@
HC~
6 H.C 1747 + 1500 (1061) | 2@ 17 a\(:( 6007 + 1538 (1088) | 2@
108 ?
CH,
7 NC\©/ 5161 + 2440 (1726) | 1@ 18 <:|: : y 790 + 320 (226) 3@
Cl
g" 203 + 65 (47) 3@ 19 F 5077 + 445 (315) 1@
A L
F
9 /@/ 378 + 96 (73) 3@ 20 F. ; ~ 1191 + 71 (50) 1@
F
F
10° 524 + 225 (159) 2@ 21 F 1787 + 71 (50) 1@
Br” : F
F
11 /@/ 2391 + 1477 (1044) | 1@ 22 H,C- ; _ 10567 +5110 (3614) | 1@
l
CH,
12 : . 431 +99 (72) 24 23 H3CI>/ 834 + 494 (379) 2@
H,C H,C
13 : _ 4239 + 673 (477) 1@

F.C

3 [®H]Histamine displacement with membrane preparatiogf9 cells expressing human histamingréteptor, co-expressed with G protein

Gai, and By, subunits. Each determination was performed withr fmuseven different concentration points (inits@reening with four
concentration points with at least two independaeasurements, for compounds with good affinity @gju.e. K < 1000 nM, seven
concentration points in at least three independeqeriments were performed) ranging from 0.01 nM1@9 uM test compound

concentration in triplicates.

SD: standard deviation; MD: mean absolute deviatlomumber of experiments in triplicates, m: numbfemeasurements

P K; value of8 at human histamineHeceptor: 13.2 + 0.8M

°Ki value of10 at human histaminezHeceptor: 15.0 + 2.gM
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Figure 1. Structures and R affinities of (4-methylpiperazin-1-yl)-1,3,5-tdme (') and -
pyrimidine-2-amine derivative2{?).
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Figure 2. General structure of synthesized compounds.
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Figure 3. cAMP accumulation studies in CHO cells expressing human histamine JH
receptor, co-treated with forskolin, histamine #éegted compounds:(A) and10 (B).
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inflammatory effect of compound® 10 and18 (doses: 10 mg/kg, 25 mg/kg

and 50 mg/kg) on paw edema induced by subplanitian of carrageenan.

Figure 4. Anti-
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Figure 5. The antiproliferative effect @, 10 andDX (reference) against HEK-293 cell line.
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Figure 6. The antiproliferative effect @&, 10 andDX (reference) against IMR-32 cell line.
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Figure 7. Plots of MetSite predictions for sites of metabwlifor8 and10 by liver and
CYP3A4.
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Figure 8. The effect 0B, 10 and ketoconazole on CYP3A4 activity.
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Figure 9. ORTHEP drawing of th& and17 molecules with hydrogen bonds marked as
dotted line.



Figure 10. Unit cell packing foi.
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Figure 12: Ligand interaction diagrams for chosen positiohthe best docking score values
for compoundd, 2 and for compoun8 in two binding manners (A — left, B-right). Hydreqg
bonds are shown as magenta spotted lines. Gre#edfioes represemtn stacking.
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VAL64%% [LE6Y°® and TRP99? (light blue color for carbons, white for hydrogexsyrk

blue for oxygen, red for amine group).



Scheme 1. Synthetic route leading to 2,4,6-trisubstituted 3-{8iazines. Reagents and
conditions: (A) BUOH, temperature gradually inceghfrom 50 to 9%C during 1h, 5h reflux;
(B) MeONa, reflux from 15-30h.
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Figures and Scheme captions

Figure 1 Structures and R affinities of (4-methylpiperazin-1-yl)-1,3,5-tzime (1**) and -
pyrimidine-2-amine derivative2{?).

Figure 2. General structure of synthesized compounds.

Figure 3. cAMP accumulation studies in CHO cells expresdimg human histamine 4H
receptor, co-treated with forskolin, histamine #éegted compounds:(A) and10 (B).

Figure 4. Anti-inflammatory effect of compound 10 and18 (doses: 10 mg/kg, 25 mg/kg
and 50 mg/kg) on paw edema induced by subplaniatian of carrageenan.

Figure 5. The antiproliferative effect d, 10 andDX (reference) against HEK-293 cell line.
Figure 6. The antiproliferative effect &, 10 andDX (reference) against IMR-32 cell line.

Figure 7. Plots of MetSite predictions for sites of metabwlifor 8 and 10 by liver and
CYP3AA4.

Figure 8. The effect 0B, 10 and ketoconazole on CYP3A4 activity.

Figure 9. ORTHEP drawing of theé8 and 17 molecules with hydrogen bonds marked as
dotted line.

Figure 10. Unit cell packing foiB.
Figure 11. Unit cell packing fol7.

Figure 12. Ligand interaction diagrams for chosen positiohthe best doscing score values
for compoundd, 2 and for compoun@ in two binding manners (A — left, B-right). Hydreq
bonds are shown as magenta spotted lines. Gre#edfioes represemtn stacking.

Figure 13. Compounds8-10 in the binding pocket of histaming, Ifeceptor homology model.

Scheme 1. Synthetic route leading to 2,4,6-trisubstituted ,3-f8iazines. Reagents and
conditions: (A) BuOH, temperature gradually incezhérom 50 to 9%C during 1h, 5h reflux;
(B) MeONa, reflux from 15-30h.



SUPPLEMANTAL MATERIALS
Table 2. Anti-inflammatory effect of tested compounds onrageenan-induced paw edema in mice.

Changein the volume of edema [pL]
Dose
Compound [mg/kq] 1h 2h 3h
Control - 6445 80+8 98t8
50 12445 12 5%+ 12 2%k
5 25 3445%* 3043, 2% 30£3%
10 50£18 64:8 11313
50 12474k 18£5%+* 18 £4%+
7 25 16£6%+ 3418** 30£6%**
10 36+5* 607 6QE9*
50 [ 6 14+ 8 £4xer
8 25 28t11* 28£11%* 28110
10 345%* 40£9** 40£9**
50 B4 x 8 2% 8 24xrx
10 25 20£13* 24:17* 18£13%%
10 40+14 36:16* 36G:16**
50 [ 2045+ 205+
12 25 3246%* 38+1* 38£12%
10 30£9* 48£7* ABET**
50 34+8* 46+8* 48+9**
18 25 40+6 563 56E3**
10 5048 547 54:8*
50 22+9% 28+10* 28+£10%**
23 25 40+8 5815 5815*
10 4410 5417 6Q17
50 21 7xr* 23 £5xe* 22.19%+*
K etoprofen 25 51+9 368 32+10*
10 47+2 36:10** 37+8**

differences significants. control group, *p<0.05; **p<0.01; ***p<0.001



Table 3. Crystal data and structure refinement detail8fand17.

8 17
Empirical formula Cus Hi; Ng Cls Cis Hie Ns OCI
Formula weight 304.79 334.81
Temperature
P 203 K 293K
Radiation

Crystal system
Space group
Unit cell dimensions

Volume (Ay

Z, density (g/m)
H (mm*)
Crystal size (mm)

Diffractometer

Mo(Ka)=0.71073 A
monoclinic
RZ

a=6.4519(4) A

b = 16.5378(14) A

¢ =13.9923(10) A
B = 91.056(7¥

1492.73(19)
4,1.356
0.259

0.2x0.15x0.3
KM-4 -CCD

Mo(K1)=0.71073 A
monoclinic
Cc
a=12.9909(5) A

b =18.2448(7) A
c=7.3449(4) A

B =113.968(5)

1590.75(14)
4,1.398
0.255

0.15x0.15x0.3




Table 4. Selected metric parameters of compo8nand17.

a. H- bonds geometry

D-HozaA Symm. code HeoA [A] DeaceA [A] D-HeooA ]
8 N3-H3BoeaN2 1-x,1-y,1-z 2.30 3.097(4) 154
N3-H3Azx@N4' X,1/2-y,-1/2+z 2.24 3.069(4) 161
17 N3-H3A:=:N6 -1/2+x,-1/2-y,-1/2+z 2.42 3.223(3) 156
N3-H3BzaaN4' -1/2+x,-1/2-y,1/2+z 2.09 2.946(3) 171
b. Bond lengths in triazine ring [A]
N2-C1 C3-N2 N4-C3 C5-N4 N6-C5 C1-N6
8 1.333(5) 1.346(5) 1.326(5) 1.335(5) 1.350(5) 1.311(
17 1.320(3) 1.358(3) 1.338(3) 1.333(3) 1.351(3) 1.333(
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