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Abstract

Four series of new hybrid molecules with 7-chloriogline and arylamidine moieties joined
through the rigid -O- (groups(2a-g) andll (5a-g) or flexible -NH-CH-CH,-O- (groupdl|
(8a-g) andlV (10a-g)) linker were synthesized, and their DNA/RNA birgliproperties and
cytotoxic activity were tested, against several Anmancer lines. The compounds and their
interaction with DNA and RNA were studied by UV-\asd CD spectroscopy. The obtained
results showed that the binding affinity of the estigated compounds increases
proportionally with the increase of the length andnber of groups able to form hydrogen
bonds with ds-polynucleotides. Improvement of bmgdiwas additionally achieved by
reduction of the structural rigidity of the invesited compounds, new hybrid compounds
preferentially bind to ctDNA. For most of them tB&IA/RNA grooves are dominant binding
sites, except for the compounds from grdlufor which intercalation in polyA-polyU was the
dominant binding mode. The antiproliferative efteatere tested by the MTT test on normal
(MDCK1), carcinoma (HelLa and CaCo2) and leukemialces (Raji and K462). The &
values for all investigated compounds ranged frorto Snore than 100 x 10mol dmi®.
Carcinoma cells were more resistant to the invattdycompounds than leukemia cells. The
most effective compounds against leukemia celkliwere from groupV (10a-g), with Glsg
values ranging from of 5 and 35 x 4ol dm?>. The cell cycle arrest was investigated by
flow cytometry and the obtained results indicats the selected compoun@sl, 2e 8a, 10d,
10e and10f, induce changes in the cell cycle of treated cbls,the cycle phase distribution

varies between them. A significant decrease imtimaber of cells in S phase (p < 0.001) was



observed in all treated cells, but orll@d and 10f induce cell cycle arrest at GO/G1 phase,
dominantly.
Key words: Hybrid molecule, 7-Chloroquinoline, Aromatic anmd, DNA/RNA binding,

Antitumor activity

1. Introduction

The rising burden of cancer has a huge cost, enggrhoman potential is lost and the
treatment of cancer has an escalating economic admpdthough cancer therapies have
improved significantly in recent years, the clinicge of chemotherapeutics is often limited
due to chemo-resistance and/or the undesirable teffects caused by non-specific cell
killing at an effective dose of drugs [1, 2].

To overcome these problems, new drug discovery deceklopment strategies are
focusing on molecules that act simultaneously oftipie targets, either by a combination of
two (or more) drugs or by combining two (or morejtiae pharmacophores covalently
connected in a single-hybrid molecule with dualvatst [3, 4]. The clinical development of
an optimal combinational therapy is costly, andgdduug interaction may result in additive
toxic side effects. On the other hand, dual-drugsdasigned to interact with multiple targets,
induce synergistic effects and improve the efficaog safety of drugs in the treatment of
complex diseases [5, 6]. Due to the complex chhavents that causes cancer, it is important
to address combinational modalities in order tosjg® a better response to cancer therapy.

An additional advantage of this method may arisenfthe fact that chemotherapy
usually causes immunosuppression in patients, lamsl thakes them susceptible to various
infectious diseases. As a result, the developmeatsingle drug for treatment of more than
one disease would make an important contributigdhegatient's therapy.

This approach has stimulated us to design, syrbesnd evaluate a new class of
hybrid molecules, by joining two pharmacophoreschihare present in a number of natural
and synthetic agents: 7-chloroquinoline and pheryi- phenylbenzimidazolyl-amidine
(arylamidine).

Chloroquine (CQ), 7-chloro-4-aminoquinoline, hasemethe mainstay of malaria
chemotherapy for much of the past seven decadesditiyg has several advantages, including
limited host toxicity, ease of use, low cost, afféaive synthesis. More recently, CQ and its
analogs have been the subject of intense intemetite development of safe and effective
anticancer drugs, due to the fact that parasitelscamcer cells share basic characteristics

related to the metabolic requirements associatéd tveir high proliferation rate [7]. Several



4-aminoquinoline based derivatives have been regdir their significant activity against
different cancer cell lines [8-11]. Among the 7and-4-amino(oxo)quinoline derivatives,
derivatives with N-heterocycles in the side chamvdhan important place. These pyrimidine
[12], triazine [13] or pyrazoline [14] based hylwidhowed a wide range of activity. The
mechanism of action for their anticancer activisynot clearly understood, but data from
physiochemical studies suggest that CQ forms a mpith DNA, resulting in defects in
DNA synthesis and repair. It was been concludet tthe ability to form a H-bond between
the N-diethylamino lateral side chain of CQ and [dADbase may contribute to the DNA
intercalative activity of the quinoline nucleus [1%].

On the other hand, aromatic amidines, DNA-affimd &ighly water soluble moieties,
have exhibited a wide range of outstanding therdpepplications, for instance as ACIS
inhibitors [17], botulinum neurotoxin A inhibitof48], and anticancer [19], antiparasitic [20],
and antibacterial [21,22] agents. These compoundd to the DNA minor groove by a
combination of ionic, hydrophobic and hydrogen Hogdinteractions [23]. Although the
mechanism of action of aromatic amidines is ndyfelucidated, it has been proven that their
bioactivity is the result of DNA binding and thebsequent inhibition of DNA-dependent
enzymes (topoisomerases, polymerases, and nudleasgsossibly by direct inhibition of
transcription [24]. The generally accepted viewhat the (un)symmetrical diamidines, with
two cationic terminal groups bind more tightly toet DNA and show better biological
activity, but recently published studies have shdéat non-symmetrical mono-arylamidines
may be a new lead in the treatment of cancer dedtious diseases [25,26].

Although 7-chloroquinoline and arylamidines aresgrg in many compounds with
broad pharmacological activities, their combinatiio single hybrid molecule has only been
described in a few papers [27,2&romatic amidine, as a pharmacophore, was chosen
because numerous benzimidazolyl- and phenyl-ansdipeeviously synthesized and
evaluated in our group showed potent anticancef3[d9 antibacterial [22] and antiparasitic
activities [32]. Parallel studies showed a corielabetween the biological activity and DNA
binding affinity of the investigated molecules. Quuands with stronger binding to DNA
showed more potent activity. These studies havieabted that the structure of the terminal
cationic groups of the tested compounds has afwigni contribution to the strength of
binding to DNA, and biological activity. Thereforaye synthesized and evaluated the
antitumor activity of a series of compounds withwide variety of amidine moieties:

unsubstituted amidine, alkyl substituted amidines @yclic amidines.



Since amidines show stronger interaction with DN#art 7-chloroquinoline, we
decided to keep 7-CQ as the unchanged standardl ithea newly synthesized hybrid
molecules, and modify the second pharmacophoreeisas a link between them to study the
effect of these modifications on the compound’s DRINA affinity and selectivity, and
biological activity. The results discussed in thhegent paper reflect our efforts to discover

new, potentially anticancer chemotherapeutic agents

2. Results and discussion

2.1. Chemistry
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Scheme 1: Reagents and conditions: (i) (af®, DMF, reflux; (b) EtOH/HCI(g); (ii) (a)
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Scheme 2: Reagents and conditions: (i) 1-ethanaknii30 °C, 5h, 90%; (ii) HBr, 130,
170 °C, 3.5h 58%; (i) 4-hydroxybenzonitrile, DMF;/70 °C, 66%; (iv) 4-
hydroxybenzaldehyde, DMF, 70 °C, 62%; (v) (a)HCl()eOH; (b) appropriate amine,
MeOH, reflux or ambient temperature; (c) EtOH/HQ|(fvi) (a)NaHSQ, EtOH, reflux; (b)
EtOH/HCI(g).

Schemes 1 and 2 outline our approach to the syatbéshe target hybrid molecules
containing two pharmacophores, 7-chloroquinolind aromatic amidine, joined through a
short, rigid (-O-) or a long, more flexible (-NH-GHH,-O-) linker. The phenol- and phenol-
benzimidazole amidines attached with a short lirtker-CQ were synthesized according to
the procedure outlined in Scheme 1. 4,7-Dichlomogiime was allowed to react with
substituted phenoll&-g) or 2-(4-hydroxyphenyl)-H-benzimidazole derivativegld-g in the
presence of potassium carbonate in dry dimethyldonde (DMF) to give the expected
products as a free base. Stirring amidine derieatiwith ethanolic HCI produced the
corresponding water soluble di(tri)hydrochloriddts@b-g and 5b-g. This reaction path
proved to be better than the alternative route twauld imply synthesis of nitrile
intermediatea or 5a and their conversion to amidines. Phenol amiditieg, widespread
building blocks, were synthesized according to tRewner method [31] from 4-
hydroxybenzonitrile 1a), dry methanol saturated with HCI(g) and the appeate amine. The
synthesis and physical properties of precurdab,f andg from the phenol-benzimidazole
series have been described previously [33]. Theamng compounds from this series
(4cd,e) were newly synthesized and a description of yrghesis, as well as the physical
properties of these compounds, is given in thegortegaper. All spectroscopic and analytical
data of earlier synthesized compounds correspotidiaformation previously given, and will
not be shown in this paper.

Scheme 2 illustrates the synthetic route for thetlsssis of compounds with an
aminoethoxy linker. The required intermedia®s and 9 were prepared by the typical
aromatic substitution reaction using the methodorepl by Guantaiet al. [34]. 4,7-
Dichloroquinoline was heated with excess ethanalamio yield 2-(7-chloroquinolin-4-
ylamino)-ethanol ). The latter compound was converted to (2-brom@deif-

chloroquinolin-4-yl)-amineq) by gentle reflux in a mixture of hydrobromic asdfuric acid



[35]. Bromide {) reacted with 4-hydroxybenzonitrileld) in the presence of potassium
carbonate in dry dimethylformamide (DMF) to give (2{7-chloroquinolin-4-
ylamino)ethoxy)benzonitrile 8g) in moderate yield. This nitrile was then convert®
targeted amidine hydrochloride salb{g) applying the Pinner reaction.

Synthesis of phenoxy-benzimidazol amidine trihytitoddes 10b-g was performed
in two steps. The bromid& was first allowed to react with commercially awsie 4-
hydroxybenzaldehyde in the presence of potassiurbonate, to afford benzaldehyde
intermediate 9) [36]. The benzimidazolek0a-gwere prepared in a good yield by employing
a condensation reaction between aldehgdand 3,4-diaminobenzonitrile38) or 3,4-

diaminobenzamidine derivativ8®-g, by boiling in the presence of NaH§O
2.2. Jpectroscopy
2.2.1. Spectroscopic characterization of compounds

Based on the structure, the compounds were diviltedfour groups: group (2a-g
Scheme 1), group (5a-g Scheme 1), groull (8a-g Scheme 2), grouly (10a-g Scheme
2). All compounds, except the nitrile derivativesere dissolved in watet, = 1 x 10° mol
dm 3. Nitriles were dissolved in DMS@ € 1 x 10° mol dni®). The aqueous solutions of the
studied compounds were stable for several weeks.absorbance of all solutions, measured
in the range of 220-900 nm, was proportional tdrthencentrations up to 3.5 x TOmol
dm 3, indicating that there was no significant interemllar stacking that could give rise to
hypochromicity effects. The UV-Vis spectra of corapds revealed negligible temperature
dependent changes (25-90 °C) and excellent repimbityc upon cooling to 25 °C.
Absorption maxima and the corresponding molar ektin coefficients€) are given in Table
S1.

2.2.2. Spectrophotometric titrations of compounds with ds-polynucleotides in agueous
medium

UV-Vis titrations were performed in a buffered madi (sodium cacodylate buffdr,
= 0.05 mol dm®, pH 7.0) at room temperature, Table 1. Positidhabsorption maxima in
UV-Vis spectra of compound2a-g (<300 nm) inhibit use of UV-Vis titrations for
determination of the affinity and binding constamf investigated compounds toward
polynucleotides ¢dDNA and polyA-polyU) due to the overlapping of thegnals of
compounds and ds-polynucleotides. UV-Vis titratiovith ds-polynucleotides were carried

out for compound$a-g by adding increasing aliquots of ds-polynucleotsidutions to a



fixed concentration of each compound. The decréaghe absorption maxima (25-80%)
accompanied by a bathochromic shift5 4-7 nm) indicates the formation of a new DNA-
ligand species, except for nitrit&. The absorption spectra were recorded until stduravas
observed. The binding constants for compoubtaig were determined in the range of 5 ¥ 10
— 7 x 10 mol dm*. To assess the sequence selectivity of these aamigpthe experiment
was repeated with polyA-polyU. A bathochromic sljift= 2-6 nm) was observed along with
the decrease in new bands (7-70%), indicatingahmdtion of new compound-polyA-polyU
complexes. The UV-Vis titration spectra revealedt thlkylation of amidinesb and its
replacementvith cyclic amidine moietiegicreased affinity towardtDNA and polyA-polyU.
Among amidine$b-g, the isopropyl derivativéc showed the highest affinity toward ctDNA,
while 5g showed the highest affinity toward polyA-polyU.

The change of linker between quinoline and aryldana, by substitution of oxygen
with 2-aminoethanol produced the next set of comgsu8a-g and 10a-g The UV-Vis
spectra oBa-g showed minimal changes during titration, with @dypucleotides indicating
that those compounds interact only though a vergkwadectrostatic external mode, and as a
result, no further studies were conducted with thitnoduction of the benzimidazole group
between the phenyl and amidine moieties in theipusvseries resulted in a new group of
compoundsl0a-g Titration of compounds from this series WitibDNA (58 % AT base pairs)
resulted in pronounced hypochromism accompaniea ibgthochromic shiftAz = 6-11 nm),
showing the formation of a new DNA ligand specigddition of ctDNA to the solution of
compound10f, until r = 0.15, yielded a decrease in absorption maxintrapanied by
bathochromic shiftsAA = 7 nm). Further addition of the mentioned polyeotides ( < 0.15)
increased the position of maxima which producedigant data for accurate processing
using the Scatchard equation. To assess the seguszlectivity of the investigated
compounds, the experiment was repeated with ds-RiAnucleotides (polyA-polyU).
Changes in the UV-Vis spectra d@a10c and 10g after the addition opolyA-polyU were
minor, indicating an external, electrostatic birgdmode. The addition of polyA-polyU to the
solutions of compoundK0d-f resulted in hypochromic (24-50 %) and bathochrof®i€7 nm)
changes as a result of the formation of complekks. density of the binding sites (Table 1,
ratio n) and the absence of isosbestic points in the U¥9giectra obtained by titration with
both polynucleotides indicates several simultandmading modes. In general, highvalues
suggest DNA/RNA groove binding as the dominant imgdnode, possibly accompanied by
agglomeration along the DNA/RNA double helix, bliist cannot exclude intercalation

accompanied by agglomeration or groove binding. Bhling constant¥s and ratiosn



obtained by processing UV-Vis titration data withet Scatchard equation [37] are

summarized in Table 1.

Table 1. The hypochromic effects (H/%) binding constants (Id¢s) and ratios n
([compound]/[polynucleotide phosphate]) calculatdtbm the UV/Vis titrations of
compounds with ds-polynucleotides (sodium cacodlitatffer,] = 0.05 M, pH = 7).

CtDNA pApU

H/% lod<s n H/% logKs n
5b |79.8 6.83 0.69 6.9 | 6.43 0.44
5c | 60.0 7.87 0.42 26.8| 536 0.36
5d | 60.2 5.88 0.47 17.9| 6.05 0.37 fix
5e | 36.7 6.23 0.56 22.8| 6.31] 0.45 fix
5f 68.5 5.76 0.34 69°7| - >1
59 |25.5 6.96 0.39 155/ 7.29 0.33
8a |26.2 € 058 |-° R -
10b | 17.7 6.72 058 | ¢ R >
10c |23.7 6.63 045 | ¢ g <
10d |32.2 6.51 0.35 26.0| 7.02| 0.46
10e | 24.4 6.29 0.48 49.7| 6.81 0.75
10f |26.0,21.8 |-¢ 4 37.7 | 6.71 | 0.57
10g | 31.0 6.52 0.56 fix - a <

@ Titration data were processed using the Scatabgudtion [37]; accuracy of the result
obtainedn + 10 — 30%, consequently ld&g, values vary in the same order of magnitude.
P determine from experimental data

¢ too small changes

4 mixed binding modes

® cannot be determined

2.2.3. Thermal melting studies

Thermal melting enables the rapid qualitative ea@tun of the relative binding
affinities of compounds to ds-polynucleotides. Giemin the melting poinfTf,) of ctDNA
and polyA-polyU upon the addition of compounds weneasured in the range of
[compound] / [polynucleotide] = 0.1-0.5 (Table €pmpounds from group (2b-g) showed
moderate stabilization @tDNA. Toward polyA-polyU only the cyclic derivatived and2g
produced stabilizatiorr & 0.3 @f) andr = 0.1 @g)). In general, the data for compouriisg



show that as the aromatic stacking surface wasnegte the ctDNA binding affinity
increased. On examining the datad¢idNA it can be seen that the compounds from gibup
have greater affinity than compounds from group3able 2. TheAT,, was also found to
increase as a function of the length and the fletyilof the compounds. Compounds from
group IV (10a-g showed significantly higher stabilization ofDNA in comparison with
compounds from other groups.

Table 2. AT, values (°CJ of studied ds-polynucleotides upon addition of poomds at a
different ratior® (pH = 7, sodium cacodilate buffér= 0.05 M).

CctDNA PolyA-polyU

Compd| 0.1 0.3 0.5 0.1 0.3 0.5

2b 1.76 217 | 207 |0 -0.16 | -0.26
2c 2.01 2.28 | 2.28 | 0.36 -0.36 | ¢

2d 191 197 | 185 |-0.71 | -0.80 | -0.44
2e 1.35 143 | 151 |0.64 0.65 0.28
2f 2.65 2.67 2.73 | 1.18 2.18 1.49
29 2.08 186 | 196 | 1.62 1.22 1.32
5b 2.07 284 | 290 |2.98 0.72 0.21
5¢c 1.07 175 | 224 |-044 | 1.32 0.43
5d 1.07 141 |2.08 |1.64 0.78 0.25
5e 1.41 291 | 3,07 |0.18 4.06 6.82
5f 1.60 3.20 | 4.08 |-0.16 | 0.78 1.12
59 3.30 331 | 3,89 | 284 1.98 1.82

10a 3.96 2.58 2.60 - - -

10b 4.84 8.40 |8.40 |- - -

10c 5.83 9.05 |9.83 |- - -

=1

10d 431 |815 |8.67 |1.24 0.75

4.67/

10e 3.71 7.80 7.80 3.02 1.14 3535
d d 8.86/

10f 5.75 - - 4.62 5.16 3348

10g 6.33 9.76 |10.77 | - - -

2Error inATm: 20.5 °C

Pt = [compound]/[polynucleotide]
- =not recorded

4 cannot be determine



Addition of extended compounds strongly stabilizbé double helix ofctDNA,
where the obtainedT,, values suggested saturation of binding sites atitab= 0.3-0.5.
Biphasic curves observed for the interactions ofjgoundslOeand10f with polyA-polyU at
higher ratiosr may indicate agglomeration of compounds along pgbknucleotide [38].
Furthermore, the stronger thermal stabilizatioDdfA in comparison to the RNA analogue
(poly A—poly U) may be attributed to the much nareo and hydrophobic minor groove of
the ds-DNA with respect to ds-RNA [39].

2.2.4. Circular dichroism (CD) experiments

In order to gain an insight into the changes toypatieotide properties induced by
small molecule binding, we chose CD spectroscopy asethod, highly sensitive toward
conformational changes in the secondary structdrgabynucleotides. The investigated
compounds do not possess intrinsic CD spectrandaced CD spectra (ICD) upon the
binding of compounds to polynucleotides, will prd&ius useful information about binding

modes.

Interpretation of the CD spectra in the region diAabsorbance is difficult due to
contributions arising from both changes in DNA aoniation due to accommodating the
ligand, and changes in transitions of the ligand ttuthe new environment. For this reason,

we focused on the region of the spectrum >300 nm.
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Figure 1. CD titrations of ct-DNA ¢ = 2.0 x10° mol dm™) and polyA-polyU ¢ = 2.0 x10°
mol dni®) with 5f, 10e and 10f (ratio, r = [compound]/[polynucleotide] = 0.1, 0.3, 0.5 and
0.7).

Depending on the compound’s relative orientatiod distance towards the helical
axis, different changes in the CD spectra are obthi The concentration dependent CD
signature of compounds from grollpwas determined first. As could be seen from thie IC
spectra, the changes to the ds-polynucleotides iGbals are directly proportional to the
concentration (Supporting Information, Figure SAfter the addition of compounds to the
solution of ctDNA a positive ICD band arises >300,rand increases again with increasing
amount of compound until the point of saturation.edWwhile, the CD signal of
polynucleotide (around 280 nm) decreases withoaindtic changes in shape, indicating its
binding into grooves but without any major disroptiof the DNA helix. The addition df0a-

g of group IV to the ctDNA solution resulted in a decrease in CD signad 28n and
appearance of a new positive maximum in the rafn@@-400 nm (Fig. 1). In contrast to the
ICD spectra of compounds from the grduip addition of larger compounds induced drastic
changes to the CD signal ofDNA, indicating significant disruption of the DNAehx. In

addition, the absence of isoelliptic points pointediard the formation of several types of



compound/DNA complexes, depending on the concéotraatio. This is in agreement with
the results obtained from UV-Vis titrations. Theosigly pronounced non-linear dependence
of changes in the CD spectra on the ratiadicates saturation of dominant binding sites at
aboutr = 0.3-0.5 (Fig. 2). Thesevalues are again in good agreement with the exyeerial
and calculated data obtained from UV-Vis titratio(iBable 1) and thermal melting

experiments.
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Figure 2. Dependence of CD signal on ratio(r = [compound]/[polynucleotide] = 0.1, 0.3,
0.5 and 0.7).

With regard to polyA-polyU, the appearance of aateg signal (> 300 nm) in the
ICD spectra of compoundsb-g showed intercalation as the dominant binding mdde
changes in the ICD spectra showed no saturatidnnafing sites ah =~ 0.25 which may be
assumed according to the dominate binding modes Tésult, together with the lack of
isoelliptic points in the ICD spectra, points te thossibility of several simultaneous binding
modes. Addition of the compound€d-f to ds-RNA (poly A—poly U) resulted in bisignate
ICD bands (> 300 nm) with a positive and negatiegt pocalized on either side of the
ligand’s absorption maximum. Such bisignate ICDdsaoould be attributed to the dimer
formation [31], most likely within the ds-RNA majgroove, since the shallow and very wide
RNA minor groove is not convenient for the bindwfgsmall molecules. Due to the large size
of the binding site, dimeric aggregates are easitommodated, and therefore the secondary
structure of the double helix is not significantlisturbed (Figure 1). In the ICD spectra of
compoundlOf the increasing concentration of compoung (.3) generates an ICD signal of
the opposite sign, suggesting the presence of aedifierent forms of compound aggregates
along the ds-RNA [40].




2.3. Biological activity

2.3.1. Antiproliferative effects of the investigated compounds

Numbers of recent studies conducted on tumor oedslhave shown that chloroquinoline
derivatives and aromatic amidines individually asgotoxic against tumor cells [41-43].
Since the results of the current study obtainednfioybrid molecules in cell-free testing
suggest their various modes of interaction withleioacids (Tables 1 and 2; Figures 1, 2 and
S1), it was interesting to examine whether theeeadso differences in their activityg vitro

on the growth of different tumor cell lines.

The newly synthesized compounds were tested far #féects on the growth of
normal cells (MDCKI) and human tumor cell lines different histological origin, CaCo2,
Hela, K562 and Raji. The obtained results, preskatethe concentration achieving 50% of
cell growth inhibition (Gdo value), show that the investigated compounds diffeally
influenced tumor cell growth, depending on the tak, as well as on the dose applied. As
shown in Table 3, Gjvalues for all investigated compounds ranged frotm Bore than 100
x 10° mol dm®. Carcinoma cell lines were more resistant to thestigated compounds than
leukemia cells. Most of the tested compounds withart linker, groug (2a-g Scheme 1)
and groupll (5a-g Scheme 1), exhibited strong inhibitory potentialf without significant
distinction between the normal and investigatedaiuaell lines (Gdpvalues ranging from 30
to >100 x 10° mol dm?). Compound£d and2e with Glso ranging from 16 to 29 x10mol
dm? displayed the best effects on the leukemia celfssubstituted amidin&b possesses
poor inhibitory activity compared to other composridom groupll. That is in agreement
with its lower activity towarcctDNA. Alkyl substituted amidinesS¢-€) and cyclic amidines
(5f,g) showed improved binding affinity as well as inkoby effects on the treated cells’
growth (Table 2 and Table 3).

Furthermore, the phenol- and phenol-benzimidazaieiaes attached with a short
linker to 7-CQ had less effect on the growth of iRad K562 cells compared to the
compounds with a 2-aminoethanol linker (compoudag) and 10a-g) The obtained results
prove that antiproliferative effects can be improved witlte extension of the molecules’
central linker. This extension enhances the flditybiand adaptability of the molecular
conformation, causing variations in the DNA bindimpde [44]. Unlike other compounds
from grouplll that had weak cytotoxicity on treated cell lin€8sgvalues ranging 50 to >100
x 10° mol dm®), compounda showed significant inhibitory potential againatkemia cells,

with Glspvalues between 6 and 7 x ol dni®. Although the tested phenoxy-benzimidazol



amidines {0a-g showed significantly higher stabilization ofDNA in comparison with
compounds from other groups (Fig. 1, Table 2),¢hmsnpoundsl0b-g) showed very weak
antiproliferative capacity on the normal cells andrcinoma cell lines. Unlike other
investigated groups of compounds, all compoundsnfigroup IV (10a-g) significantly
influenced the growth of leukemia cells withs@lalues between 5 and 27 x ol dmi®.

Table 3 Sensitivity of human tumor and normal cells teestigated compounds.

Glso (x10° mol dn®)

Cell lines | MDCK1 | Hela | caCo-2 | K562 | Raiji
Group |
2a 88.5+1.0 | >100 >100 86.7+1.8 91.4+10.8
2b 52.8+4.7 | 59.1+9.4| 57.6+3.1 62.5+15.9 5304
2c 57.7+6.6 | 56.6+11.2 47.7+6.0 829+4.3 51@2
2d 30.3+4.8 | 52.3+151 71.9+17.6 169+3.1 251.1
2e 35.0+7.9 | 486+16.4 13.5+8.0 18.8+0.9 191046
2f 56.6+3.3 | 57.7+14.0 64.0+15.6] 48.7+12.3 40688
29 37.5+10.2| 57.0+13.1 53.3+11.9 62.0+4.0 50582
Group Il
5a 93.1+17.1 | >100 >100 >100 >100
5b >100 >100 82.9+159| >100 111.4 + 33.
5¢c 61.8+3.1 | 51.3+0.6| 53.3+5.6 69.0 + 19.1 48179
5d 53.5+4.8 | 57.0+18.8 43.2+238 59.7+7.4 4672
Se 55.5+55 | 61.9+11.1 47.4+37 54.6 + 13.2 4193
5f 77.1+18.2| >100 36.8+18.3| 27.6+8.9 40.6 +8.6
59 67.1+13.5| 64.4+56| 345+4.2 21.6+11.0 5067
Group Il
8a >100 84.4+20.3 953+350| 7.2+15 6.2+0.9
8b 744+47 | 740+80| 68.6+6.2 495+ 4.6 58D 4
8c >100 >100 >100 >100 >100
ad >100 >100 92.6+285| 77.3+15.2 86.2 + 26.0
8e >100 >100 845+152| 76.9+8.6 96.9 + 14.4
8f 78.4+56 | 60.8+53| 50.7+5.9 51.9+3.7 5152
89 >100 >100 >100 >100 >100
Group IV
10a 22.1+8.1 | 56.6+221 283+113 7.8+33 5D
10b 71.6+2.7 | >100 >100 34.7+45 29.3+8.3
10c >100 >100 >100 17.2+0.4 19.6 +9.8
10d 94.1+19.5| >100 >100 15.1 +0.8 285+1.2
10e 99.2 +28.3| >100 >100 11.4+2.8 17.1 +13.6
10f >100 >100 117.4+29.1 86+1.9 27.5+1.4
10g 100.5 4

18.0 >100 >100 13.3+1.6 19.0+2.3

Glso — Drug concentration that inhibited cell growth &3%. Data represent means&x10°

mol dm®) values

+ standard deviation (SD) of the threeepwhdent experiments.



Exponentially growing cells were treated with compds during a 72-hr period. Growth

inhibition was analyzed using MTT survival assay

2.3.2. Céll cycledistribution

The cell cycle involves a complex series of molacwand biochemical signaling
pathways. Cell proliferation is governed by thel cgtle, which is a complex and stepwise
process, and uncontrolled cell proliferation isadirhark of tumor cells [45]. Suppression of
cancer cell growth by many anticancer therapewirselates with perturbations in the cell
cycle progression [46]. To gain insights into theamanism of suppression of cancer cell
proliferation, we examined the influence of seldatempounds on the cell cycle distribution.
Six compoundsZd, 2e, 8a, 10d, 10e, and J)0Qfvere selected for cell cycle analysis on K562
cells, based on their cytotoxicity results. Repnéstive flow histograms, depicting cell cycle
distribution in K562 cells, following 24 hour expos to the tested compounds are shown in
Figure 3. Tested compounds induce changes in theyse of treated cells but the cycle
phase distribution varies between them. Cells ¢ceatith compounds from group(2d and
26) and the groupll (8a) have a similar pattern of effect. Compared todbetrol, untreated
cells, the treated cells showed an enrichment ef @& G, fraction (Fig. 3). This was
accompanied by a decrease in both S phase aM @hase cells. DNA damage during the
G1 phase and antiproliferative signals induced apBdse arrest prior to entry into the S
phase. A SubG1l peak is indicative of DNA fragmeatgtand that cells are dying, most
probably through apoptosis [47,48].

Although all the tested compounds showed a sicamti decrease in the number of
cells in the S phase (p < 0.001) only cells tredigdwo compounds1Qd and 10f) from
group IV, had a significantly larger cell fraction in theb&s0 phase than the control cells,
which means that these cells went into senescé&dampound10d is the most effective,
affecting significantly both S and G2/M phases. @oomds10e and10f showed significant
changes in the S phase as well. Increased levepb®fin normal cells and cells with a
functional p53 gene are responsible for the callecgrrests in the G1 and G2 phasestro,
and for signaling apoptosis in response to excessipersistent damage [47]. In the case of
K562, which is a p53 null cell line, the drug maguse its effect through other alternate
pathways, which need to be investigated.
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Figure 3. Cell cycle distribution.

The K562 cells were treated with 1@nol dm?® of tested compounds for 24 hrs, stained with RI an
analyzed by flow cytometry. PI stain histogramewgla difference between tleentrol (a),2e (b), 8a
(c) and 10f (d). The chart (e) shows the numerical valuespioase distribution. An asterisk (*)

denotes values statistically significantly differ@rhen compared to the control (p < 0.001)

4. Conclusion

This study reports the synthesis of four seriesesd molecular hybrids with two
moieties, 7-chloroquinoline and arylamidine, usiagious synthetic methods. All the novel
molecular hybrids contain a quinoline moiety, wizaréhe linkers between quinoline and

arylamidine, aryl core, and terminal amidine moiesre modified.



The potential inhibitory capacity of the newly dyasized compounds on the human
tumor cell lines of different histological origims well as their interaction with DNA and
RNA was determined. It was shown that the bindifigpigy of the investigated compounds
increases proportionally to the increase in thegytlerand number of groups able to form
hydrogen bonds with ds-polynucleotides. Improvenwriinding was additionally achieved
by reduction of the structural rigidity of the irstgyated compounds

All the compounds bound preferentially to ctDNAggisely in the DNA grooves.
Compounds from group/ showed the highest affinity to ds-polynucleotidascording to
their pronounced positive ICD bands, as well as erat@ affinity and thermal stabilization
effects, compounds from groupls and IV preferentially bound into the minor groove of
ctDNA. The ICD spectra of compounds from grodp with polyA-polyU showed
intercalation as the dominant binding mode, whadenpounds from groupv preferentially
bound into polyA-polyU grooves.

Antitumor selectivity was clearly seen in the efgeon carcinoma and leukemia cells,
with the higher efficacy of the investigated compasi against leukemia cell lines. Unlike the
other groups of tested compounds, compounds frampglV significantly influenced the
growth of leukemia cells, with §values between 5 and 27 x ol dni°. The highest
selectivity towards leukemia cells, and low cytatity against normal cells, was obtained for
the compoun@a.

Based on these results regarding the antiproliferatapacity of tested compounds,
further research may be carried out to investigaemechanisms of action of the compounds
from the groudV in different types of leukaemia cells in more detaompounds from this
series will serve as a template for the futuregtesi new analogues with improved antitumor

activities.

4. Experimental section

4.1. Chemistry

The compounddag, 3ag [29] and4ab,f,g [33] are already known. Procedures for the
preparation of all final products are presentedwelAll solvents and reagents were used
without purification from commercial sources. Thegress of the chemical reaction was
monitored by TLC on silica-gel 60,4 DC-plastikfolienC16H and detected under UV light.
Melting points were determined on a Bichi 510 mgltipoint apparatus and were

uncorrected. IR spectras{.,/cn ) were obtained on a Bruker Vertex 70 spectrophotemet



TheH and**C NMR spectra were recorded on a Bruker AvanceN8B@ spectrometer and
chemical shiftsd/ppm) were referred to TMS as internal standaree€eldctrospray ionization
(ESI) Q-ToF was used for the high-resolution mgEsxta measurements. Elemental analyses
were performed by the Applied Laboratory Researgpadment at INA d.d., Research and

Development Sector, Central Analytical Laboratory.

4.1.1. General method for the synthesis the compounds from group | (2a-g)

A solution of 4,7-dichloroquinoline (1.2 mmol), cpoundsla-g (1 mmol) and KCOs; (0.03
mol) in dry DMF (50 mL) was refluxed with stirringnder nitrogen for 8 hrs. The reaction
mixture was cooled at room temperature, diethyéetas added, and the resulting solid was
filtered off. The products were dissolved in EtOKMKY) and precipitated with mixture
acetone:diethyl ether (4:1), filtered off, and dridt was repeated a few times until the

product were analytically pure.
4.1.1.1 4-(7-Chloroquinolin-4-yloxy)benzonitrile (2a).

Yield 0.1502 g (86.2 %). mp 152—154 °C; IRng/cm): 3428, 2991, 2232, 1701, 1607,
1431, 1232, 1108, 785, 713, 46Rt NMR (DMSO-ds) 6/ppm: 8.81 (d, 1H, J = 5.06 Hz, CH),
8.25 (d, 1H, J = 9.48 Hz, CH), 8.14 (d, 1H, J =52, CH), 8.01 (d, 2H, J = 8.55 Hz, @H
7.71 (dd, 1H); = 8.77 Hz,J, = 1.79 Hz, CH), 7.50 (d, 2H, J = 8.93 Hz, £+6.90 (d, 1H, J =
4.46 Hz, CH).*C NMR (DMSO4ds) o/ppm: 159.9, 158.4, 153.5, 150.3, 135.6, 135.5,11,28
127.9, 124.2, 121.8, 120.0, 118.8, 108.6, 107.4MBRalcd. for GeH1oCIN,O (M + H)*:
281.0482; found: 281.0482. Anal. calcd. fagldsCIN,O x 0.25H0 (M, = 285.22): C 67.38,
H 3.36, N 9.82; found: C 67.55, H 3.36, N 9.51.

4.1.1.2. 4-(7-Chloroquinolin-4-yloxy)benzimidamide dihydrochloride (2b).

Yield 75.5%; mp 251-252 °C; IRufa/cm™): 3085, 2387, 1683, 1629, 1587, 1483, 1421,
1288, 1200, 1080, 984, 804, 680, 600, 522, 4HONMR (DMSO-dg) d/ppm: 9.48 (s, 2H,
NH,), 9.26 (s, 2H, Nk), 8.96 (d, 1H,J = 5.21 Hz, CH), 8.39 (d, 1H, J = 9.22 Hz, CH),8.2
(d, 1H, J = 1.96 Hz, CH), 8.05 (d, 2H, J = 8.97 BH2), 8.35 (dd, 1H, J1 = 9.29 Hz, J2 =
2.52 Hz, CH), 7.61 (d, 2H, J = 8.90 Hz, CH2), 6(82 1H, J = 5.49 Hz, CH)*C NMR
(DMSO-dg) d/ppm: 164.7, 163.7, 157.2, 150.0, 144.1, 137.8,.1,3128.9, 125.9, 124.7,
123.0, 121.2, 119.4, 106.0. HRMS calcd. foHGsCINSO (M + H)": 298.0747; found:
298.0749. Anal. calcd. for gH12CIN3O x 2HCI M, = 370.66): C 51.85, H 3.81, N 11.34;
found: C 51.71, H 3.92, N 11.12.

4.1.1.3. 4-(7-Chloroquinolin-4-yloxy)-N-isopropyl benzimidamide trihydrochloride (2c).



Yield 45.2%; mp 198-199 °C; IRufa/cmi™): 3439, 2977, 2746, 1704, 1648, 1578, 1508,
1427, 1369, 1312, 1207, 1182, 1128, 1086, 858, 628, 518, 458'"H NMR (DMSO-dy)
olppm: 9.69 (d, 2H, J = 8.59, NH 9.55 (s, 1H, NH), 9.22 (S, 1H, CH), 9.00 (d, IH; 5.66
Hz, CH), 8.43 (d, 1H, J = 8.98 Hz, CH), 8.32 (d, 4 1.86 Hz, CH2), 7.95 (d, 2H, J = 8.72
Hz, CH), 7.86 (dd, 1H, J1 = 9.15 Hz, J2 = 2.01 G#l), 7.61 (d, 2H, J = 8.90 Hz, CH), 6.84
(d, 1H, J = 5.67 Hz, CH), 4.10 (m, 1H, CH), 1.29 &H, J = 6.36 Hz, CH3}*C NMR
(DMSO-ds) o/ppm: 160.9, 156.7, 150.3, 137.5, 131.3, 128.8,.2,2724.5, 121.0, 119.4,
105.8, 45.2, 21.2. HRMS calcd. forid8:oCIN:O (M + H)": 340.1212; found: 340.1218.
Anal. calcd. for GH;1gCIN3O x 3HCI x 0.75HO (M, = 462.72): C 49.32, H 4.90, N 9.08;
found: C 49.33, H 5.15, N 8.95.

4.1.1.4. 4-(7-Chloroquinolin-4-yloxy)-N-isobutyl benzimidamide trihydrochloride (2d).

Yield 54.2%; mp 196-197 °C; |RVr(1a)JCm_1): 3057, 2965, 2710, 1670, 1590, 1474, 1439,
1364, 1301, 1207, 1081, 1011, 850, 700, 468NMR (DMSO-ds) é/ppm: 10.01 (s, 1H,
NH), 9.64 (s, 1H, NH), 9.29 (s, 1H, NH), 9.05 (4,1 = 5.84 Hz, CH), 8.47 (d, 1H, J = 8.99
Hz, CH), 8.38 (d, 1H, J = 1.66 Hz, CH), 8.00 (d,, 2+ 8.65 Hz, CH), 7.90 (dd, 1H, J1 =
8.99 Hz, J2 = 1.75 Hz, CH), 7.63 (d, 2H, J = 8.2 GH), 6.89 (d, 1H, J = 5.85 Hz, CH),
3.30 (m, 2H, CH), 2.04 (m, 1H, GH 0.98 (d, 6H, J = 6.61 Hz, GH'*C NMR (DMSO+)
dlppm: 164.2, 162.5, 157.1, 150.6, 138.2, 131.7,4,2927.5, 125.1, 123.6, 121.6, 119.9,
106.2, 50.1, 27.5, 20.4. HRMS calcd. faipld,;:CIN:O (M + H)': 354.1373; found: 354.1372.
Anal. calcd. for GoH2¢CIN3O x 3HCI x 1.5HO (M, = 490.26): C 49.00, H 5.35, N 8.57;
found: C 49.18, H 5.34, N 8.53.

4.1.1.5. 4-(7-Chloroquinolin-4-yloxy)-N-cyclopentyl benzimidamide trihydrochloride (2e).

Yield 45.2%; mp 198-199 °C; IRvga/cm): 2942, 2688, 1670, 1616, 1570, 1411, 1293,
1204, 1175, 1062, 842, 731, 446 NMR (DMSO-dg) 6/ppm: 9.77 (d, 1H, J = 7.00 Hz, NH),
9.56 (s, 1H, NH), 9.19 (s, 1H, NH), 8.99 (d, 1H; 5.58 Hz, ArH), 8.41 8d, 1H, = 8.91 Hz,
ArH), 8.31 (d, 1HJ = 1.57 Hz, ArH), 7.94 (d, 2Hl = 8.71 Hz, ArH), 7.84 (dd, 1H; = 8,95
Hz, J, = 1.96 Hz, ArH), 7.59 (d, 2H] = 8.73 Hz, ArH), 6.84 (d, 1H] = 5.63 Hz,ArH), 4.20
(m, 1H, CH), 2.07 (m, 2H, CH 1.74 (m, 4H, Ch), 1.59 (m, 2H, Ch); **C NMR (DMSO-
ds) o/ppm: 164.0, 161.5, 156.5, 149.9, 137.8, 131.5,92R7.2, 124.7, 122.9, 121.0, 119.4,
105.6, 54.4, 31.3, 23.7. HRMS calcd. fanid,:CIN;O (M + H)": 366.1373; found: 366.1377.
Anal. calcd. for GH2oCIN3O x 3HCI M, = 475.24): C 53.07, H 4.88, N 8.84; found: C
53.18, H 4.98, N 8.51.



4.1.1.6. 7-Chloro-4-(4-(4,5-dihydro-1H-imidazol-2-yl)phenoxy)quinoline  dihydrochloride
(2f).

Yield 74.4%; mp 201-202 °C; IRuga/cm): 2965, 1579, 1417, 1297, 1214, 1181, 1080,
856, 830, 806, 631, 513H NMR (DMSO-ds) 5/ppm: 10.86 (s, 2H, NH), 8.96 (d, 18,=
5.53 Hz, CH), 8.37 (d, 1Hl = 8.22 Hz, CH), 8.28 (d, 1H,= 2.09 Hz, CH), 8.24 (d, 2H,=
8.79 Hz, CH), 7.83 (dd, 1H; = 7.21 Hz,J, = 2.00 Hz, CH), 7.65 (d, 2H,= 8.76 Hz, CH),
7.00 (d, 1HJ = 5.54 Hz, CH), 4.02 (s, 4H, GH *C NMR (DMSO+g) é/ppm: 163.6, 163.1,
157.8, 150.3, 137.6, 131.8, 128.8, 124.5, 123.4,.3,2120.0, 119.5, 106.5, 44.3; HRMS
calcd. for GgH1sCIN3O (M + H)': 324.0904; found: 324.0907. Anal. calcd. faghd;4CIN;O

x 2HCI x 1HO (M, =414.72): C 52.13, H 4.37, N 10.13; found: C 3212 4.76, N 9.99.

4.1.1.7. 7-Chloro-4-(4-(1,4,5,6-tetrahydropyrimidin-2-yl)phenoxy)quinoline dihydrochloride
(29).

Yield 68.9%; mp 198-199 °C; IRuga/cmi): 2329, 1639, 1588, 1417, 1297, 1209, 1084,
856, 825, 737, 696, 594, 543, 51 NMR (DMSO-<ds) o/ppm: 10.09 (s, 2H, NH), 8.91 (d,
1H,J =1.06 Hz, CH), 8.35 (d, 1H,= 8.95 Hz, CH), 8.23 (d, 1H,= 1.68 Hz, CH), 8.01 (d,
1H,J = 8.76 Hz, CH), 7.92 (d, 2H,= 8.76 Hz, CH), 7.78 (dd, 1H; = 8.92 Hz,J, = 1.99
Hz, CH), 7.57 (d, 2H) = 8.74 Hz, CH), 6.86 (d, 1H,= 5.46 Hz, CH), 3.50 (s, 4H, GH1.98
(m, 2H, CH); **C NMR (DMSO4s) é/ppm: 163.3, 161.9, 158.1, 156.8, 150.4, 137.5,3,31
130.6, 128.7, 126.7, 126.3, 124.5, 123.6, 121.1,a1219.4, 105.9, 38.8, 17.6; HRMS calcd.
for CroH17CIN3O (M + H)": 338.1060; found: 338.1064. Anal. calcd. forgdisCINsO x
2HCI x 1.5H0 (M, = 437.75): C 52.13, H 4.84, N 9.60; found: C 52186}.75, N 9.60.

4.1.2. General method for the synthesis of hydrochloride derivatives of 2-(4-hydroxyphenyl)-
1H-benZ d] imidazol e-6-car boximidamide (4c,d,e).

A solution of 4-hydroxybenzaldehyde (1.2 mmol), -8i@dminobenzamidine3¢,d,e (1.0
mmol) and benzoquinone (1.2 mmol mol) in dry mettan(40 mL) was refluxed with
stirring under nitrogen for 8 hrs. The reaction ture was cooled to room temperature,
diethyl ether was added, and the resulting solid fiteered off. The products were dissolved
in EtOH/HCI(g) and perticipitated with mixture acee:diethyl ether (5:1), filtered off, and
dried. It was repeated a few times until the prodvere analytically pure.

4.1.2.1. 2-(4-Hydroxyphenyl)-N-isopropyl-1H-benzo[ d] imidazol e-6-carboximidamide
dihydrochloride (4c).

Yield 49.1%; mp > 290 °C; IRupna/cm ): 3081, 2652, 1676, 1601, 1500, 1385, 1283, 1186,
843, 816, 700, 520, 5661 NMR (DMSO-ds) o/ppm: 10.50 (brs, 1H, OH), 9.64 (d, 18i=



8.93 Hz, NH), 9.49 (s, 1H, NH), 9.06 (s, 1H, NHRB(d, 2H,J = 8.72 Hz, CH), 8.05 (d, 1H,
J=1.55 Hz, CH), 7.85 (d, 1H,= 8.12 Hz, CH), 7.67 (dd, 1H; = 8.91 Hz,J, = 1.79 Hz,
CH), 7.05 (d, 2H,) = 8.77 Hz, CH), 4.09 (m, 1H, CH), 1.31 (d, 6H; 6.38 Hz, CH). °C
NMR (DMSO-ds) d/ppm: 162.67, 162.21, 152,70, 130.84, 125,51, 1125124.99, 116.84,
115.08, 114.37, 45.65, 21.73. HRMS calcd. fapHzoN4,O (M + H)": 295.1559; found:
295.1562. Anal. calcd. for@HigN,O x 2HCI x 1.5HO (M, = 394.30): C 51.78, H 5.88, N
14,21; found: C 51.89, H 5.67, N 14.34.

4.1.2.2. 2-(4-Hydroxyphenyl)-N-isobutyl-1H-benzo[ d] imidazol e-6-car boximidamide
dihydrochloride (4d).

Yield 72.1%; mp > 290 °C; IRUna/cm ): 3069, 2664, 1676, 1607, 1505, 1454, 1389, 1352,
1292, 1218, 1181, 862, 821, 705, 649, 566, 538, $1BIMR (DMSO-ds) 5/ppm: 10.70 (brs,
1H, OH), 9.91 (s, 1H, NH), 9.58 (s, 1H, NH), 9.53 {H, NH), 8.30 (d, 2HJ = 8.72 Hz,
CH), 8.10 (s, 1H, CH), 7.89 (d, 1d,= 8.49 Hz, CH), 7.73 (dd, 1H; = 8.53 Hz,J, = 1.35
Hz, CH), 7.06 (d, 2HJ = 8.77 Hz, CH), 3.29 (t, 2H}; = 6.97 Hz,J, = 7.87 Hz, CH), 2.05
(m, 1H, CH), 1.00 (d, 6HJ = 6.63 Hz, CH). *C NMR (DMSO+g) é/ppm: 163.0, 162.4,
152.1, 130.5, 125.0, 124.5, 116.4, 114.4, 114.(8,4%.0, 19.9HRMS calcd. for GgH21N,O
(M + H)™: 309.1712; found: 309.1720. Anal. calcd. foglpNsO x 2HCI x 2.5 HO (M, =
426.34): C 50.71, H 6.38, N 13.14; found: C 50M3%.59, N 13.23.

4.1.2.3. 2-(4-Hydroxyphenyl)-N-cyclopentyl-1H-benzo[ d] imidazol e-6-car boximidamide
dihydrochloride (4€).

Yield 73.6%; mp > 290 °C; IRUna/cm ): 3081, 2664, 2364, 1670, 1601, 1497, 1289, 1197,
850, 700, 538'H NMR (DMSO-ds) d/ppm: 10.53 (brs, 1H, OH), 9.72 (d, 18i= 7.35 Hz,
NH), 9.49 (s, 1H, NH), 8.99 (s, 1H, NH), 8.23 (¢,2 = 8.70 Hz, ArH), 8.04 (s, 1H, ArH),
7.83 (d, 1HJ = 8.49 Hz, ArH), 7.65 (dd, 1H; = 8.51 Hz J, = 1.25 Hz, ArH), 7.04 (d, 2H]

= 8.77 Hz, ArH), 4.17 (m, 1H, CH), 2.07 (m, 2H, §H1.66 (m, 6H, Ch); °C NMR
(DMSO-dg) 6/ppm: 162.9, 162.8 152.4, 136.5, 133.2, 131.1,8,285.4, 116.9, 115.1, 114.7,
114.3, 54.9, 31.9, 24.2. HRMS calcd. fofgld,1N4O (M + H)": 321.1715; found: 321.1717.
Anal. calcd. for GHoN4O x 2HCI x 3 HO (M, = 447.36): C 51.01, H 6.31, N 12.52; found:
C 51.34,H 6.13, N 12.70.

4.1.3. General method for the synthesis the compounds fromgroup |1 (5a-g)

A solution of 4,7-dichloroquinoline (1.2 mmol), cpounds4a-g (1 mmol) and KCOs; (0.03

mol) in dry DMF (50 mL) was refluxed with stirringnder nitrogen for 2d. The reaction



mixture was cooled at room temperature, diethy¢ettas added, and the resulting solid was
filtered off. The products were dissolved in EtOKMKY) and precipitated with mixture
acetone:diethyl ether (4:1), solid was filtered, @ffd dried. It was repeated few times until

the product were analytically pure.
4.1.3.1. 2-[4-(7-Chloroquinolin-4-yloxy)phenyl] -1H-benzo[ d] imidazol e-6-car bonitrile (5a).

Yield 57.6 %; mp 178-179 °C; IRua/ci™Y): 3423, 2225, 1616, 1569, 1496, 1421, 1215,
1095, 858, 819'H NMR (DMSO-dg) o/ppm: 8.75 (d, 1HJ = 5.09 Hz, CH), 8.34 (d, 2H,=
7.72 Hz, CH), 8.31 (d, 1H} = 8.55 Hz, CH), 8.11 (d, 1H,= 2.29 Hz, CH), 7.71 (d, 1H,=
2.60 Hz, CH), 7.69 (d, 1H, = 1.86 Hz, CH), 7.90 (d, 1H,= 1.49 Hz, CH), 7.54 (d, 1H,] =
1.67 Hz, CH), 7.50 (d, 2H] = 9.11 Hz, CH), 6.85 (d, 1H] = 5.02 Hz, CH); **C NMR
(DMSO-dg) d/ppm: 160.9, 155.7, 153.5, 152.6, 148.8, 135.5,3,2927.4, 126.8, 126.7,
125.8, 123.9, 121.3, 119.9, 119.5, 105.9, 104.1MBRealcd. for GaH14CIN4O (M + H)":
397.0856; found: 397.0849.

4.1.3.2. 2-[4-(7-Chloroquinolin-4-yloxy)phenyl] -1H-benzo[ d] imidazol e-6-carboximidamide
trihydrochloride (5b).

Yield 49.1%; mp > 250 °C; IRUna/cmi): 3262, 3095, 2645, 1690, 1633, 1585, 1436, 1287,
1181, 1089, 859*H NMR (DMSO-dg) d/ppm: 9.39 (s, 2H, NH), 9.04 (s, 2H, NH), 8.99 (d,
1H,J =5.82 Hz, CH), 8.51 (d, 2H,= 8.70 Hz, CH), 8.50 (d, 1H,=9.15 Hz, CH), 8.32 (d,
1H,J = 1.81 Hz, CH), 8.21 (s, 1H, CH), 7.90 (dd, = 9.04 Hz,J, = 1.96 Hz, CH), 7.86
(d, 1H,J =8.98 Hz CH), 7.74 (dd, 1H; = 8.59 Hz J, = 1.45 Hz, CH), 7.65 (d, 2H,= 8.77

Hz, CH), 7.04 (d, 1HJ = 5.83 Hz, CH)*C NMR (DMSO«g) é/ppm: 166.1, 155.5, 153.2,
151.8, 136.2, 129.6, 127.9, 127.0, 124.2, 124.@.8,2121.6, 121.4, 119.5, 117.6, 116.1,
108.8, 105.9; HRMS calcd. for,&4:7,CINsO (M + H)": 414.1122; found: 414.1128. Anal.
calcd. for G3sH16CINsO x 3HCI x 3HO (M, = 577.29): C 47.85, H 4.36, N 12.13; found: C
48.16, H 4.34, N 12.12.

4.1.3.3. 2-[4-(7-Chloroquinolin-4-yl oxy)phenyl] -N-isopropyl - 1H-benzo[ d] imidazol e-6-

carboximidamide trihydrochloride (5c).

Yield 40.0%; mp > 250 °C; IRua/ciY): 3062, 2592, 2353, 1583, 1416, 1295, 1211, 1170,
1079, 859;'H NMR (DMSO<ds) o/ppm: 9.60 (d, 1HJ = 9.07 Hz, NH), 9.47 (s, 1H, NH),
9.06 (s, 1H, NH), 8.97 (d, 1H,= 7.06 Hz, CH), 8.56 (d, 2H,= 10.67 Hz, CH), 8.49 (d, 1H,
J=9.70 Hz, CH), 8.30 (s, 1H, CH), 8.09 (s, 1H, CHPB8 (dd, 1H,);, = 8.94 Hz,J, = 2.54



Hz, CH), 7.85 (d, 1HJ) = 9.09 Hz, CH), 7.64 (d, 2H,= 9.73 Hz, CH), 7.60 (s, 1H, CH), 7.01
(d, 1H,J = 6.26 Hz, CH), 4.11 (m, 1H, CH), 1.32 (d, 6H= 6.41 Hz, CH); *C NMR
(DMSO-ds) d/ppm: 165.4, 161.8, 155.6, 151.4, 149.0, 142.1,.7,3838.2, 130.7, 129.5,
125.1, 124.9, 124.7, 124.3, 122.0, 121.44, 121140,3, 115.7, 114.6, 105.8, 45.2, 21.3.
HRMS calcd. for GgH2:CINsO (M + H)": 456.1591; found: 456.1595. Anal. calcd. for
Co6H22CINsO x 3HCI x 3HO (M, = 619.37): C 50.42, H 5.04, N 11.31; found: C 30.4
4.65, N 11.04.

4.1.3.4. 2-[4-(7-Chloroquinolin-4-yl oxy)phenyl] -N-isobutyl-1H-benzo[ d] imidazol e-6-
carboximidamide trihydrochloride (5d).

Yield 39.1%; mp 223-224 °C; IRuga/cm): 3062, 2645, 1681, 1609, 1425, 1296, 1192,
1109, 859, 821*H NMR (DMSO-ds) d/ppm: 9.87 (t, 1HJ = 5.47 Hz, NH), 9.54 (s, 1H, NH),
9.11 (s, 1H, NH), 9.03 (d, 1H,= 6.02 Hz, CH), 8.61 (d, 2H,= 8.81 Hz, CH), 8.54 (d, 1H,

= 9.00 Hz, CH), 8.40 (d, 1Hl = 1.99, CH), 8.14 (d, 1H] = 1.27, CH), 7.93 (dd, 1H}; =
8.85 Hz,J, = 1.98 Hz, CH), 7.89 (d, 1H,= 8.66 Hz, CH), 7.70 (dd, 2H; = 8.66 Hz, d=
1.89 Hz, CH), 7.69 (d, 2H] = 8.85 Hz, CH), 7.08 (d, 1H,= 6.00 Hz, CH), 3.30 (t, 2H, =
6.65 Hz, CH), 2.06 (m, 1H, CH), 1.00 (d, 6Bl= 6.65 Hz, CH); *C NMR (DMSO«s)
olppm: 163.9, 163.5, 155.9, 152.9, 150.7, 144.9,1,3830.5, 129.3, 126.6, 125.1, 124.1,
123.8, 123.6, 122.2, 119.9, 116.9, 106.3, 50.5,20.4. HRMS calcd. for £H2:CINsO (M

+ H)": 470.1748; found: 470.1753. Anal. calcd. fosd.CINsO x 3HCI x 2HO (M, =
615.39): C 52.70, H 5.08, N 11.38; found: C 52135.08, N 11.06.

4.1.3.5. 2-[4-(7-Chloroquinolin-4-yl oxy)phenyl] -N-cycl opentyl-1H-benzo[ d] imidazol e-6-
carboximidamide dihydrochloride (5¢).

Yield 23.8%; mp 228-229 °C; IRva/cnY): 3069, 2954, 1607, 1571, 1420, 1291, 1205,
1169, 1083, 861, 818H NMR (DMSO-dg) o/ppm: 9.63 (d, 1H, NH), 9.41 (s, 1H, NH), 8.94
(s, 1H, NH), 8.88 (d, 1H] = 5.41 Hz, CH), 8.44 (d, 2H), = 8.66 Hz, CH), 8.41 (d, 1H, =
8.91 Hz, CH), 8.21 (d, 1H),= 1.82 Hz, CH), 8.06 (s, 1H, CH), 7.82 (d, 1 8.81 Hz, CH),
7.79 (dd, 1H,); = 9.04 Hz,J, = 1.86 Hz, CH), 7.59 (dd, 1K; = 8.77 Hz,J, = 1.85 Hz, CH),
7.58 (d, 2H,J = 8.70 Hz, CH), 6.93 (d, 1H,= 5.43 Hz, CH), 4.17 (m, 1H, CH), 2.07 (m, 2H,
CHy), 1.75 (m, 4H, Ch), 1.69 (m, 2H, Ch); 3C NMR (DMSOdg) s/ppm: 164.7, 162.7,
155.5, 151.8, 149.5, 138.2, 130.7, 130.4, 129.6, 125.3, 124.8, 124.2, 123.8, 122.3, 121.8,
119.3, 116.5, 105.8, 54.3, 31.4, 23.7. HRMS called.CogH2sCINSO (M + H): 482.1748;



found: 482.1750. Anal. calcd. forg24CINsO x 2HCI x 1.5HO (M, = 581.93): C 57.79, H
5.02, N 12.03; found: C 57.59, H 5.20, N 11.72.

4.1.3.6. 2-[4-(7-Chloroquinolin-4-yloxy)phenyl] -6-(4,5-dihydro- 1H-imidazol -2-yl )-1H-
benzo[ d] imidazole dihydrochloride (5f).

Yield 57.6 %; mp 227-228 °C; IRua/ci™): 3035, 2953, 2353, 1583, 1494, 1417, 1297,
1218, 1177, 1084, 858, 82'H NMR (DMSO-ds) 8/ppm: 10.58 (s, 2H, NH), 8.92 (d, 1Bi=
5.71 Hz, CH), 8.46 (d, 1H,= 8.67 Hz, CH), 8.44 (d, 1H,= 9.16 Hz, CH), 8.37 (s, 1H, CH),
8.25 (d, 1H,J = 2.29 Hz, CH), 7.85 (s, 1H, CH), 7.82 (d, 2H; 2.21 Hz, CH), 7.58 (d, 2H,

= 8.89 Hz, CH), 6.97 (d, 1Hl = 6.16 Hz, CH), 4.01 (s, 4H, Ch; **C NMR (DMSO+)
Slppm: 165.7, 163.7, 155.8, 154.0, 151.3, 146.0,.5,3730.3, 128.9, 127.3, 124.9, 124.6,
123.4, 122.0, 119.9, 116.7, 116.3, 106.2, 44. HRdARd. for GsH1sCINsO (M + H)":
440.1278; found: 440.1279. Anal. calcd. fasiisCINsO x 2HCI x 2.5HO (M, = 557.86): C
53.83, H 4.52, N 12.55; found: C 54.17, H 4.54,2\P1.

4.1.3.7. 2-[4-(7-Chloroquinolin-4-yloxy)phenyl] -6-(1,4,5,6-tetrahydropyrimidin-2-yl)-1H-
benzo[ d] imidazole dihydrochloride (5g).

Yield 74.4%; mp 137-138 °C; IRuga/cm): 3044, 2655, 1767, 1672, 1610, 1570, 1494,
1385, 1297, 1037, 814H NMR (DMSO-dg) s/ppm: 9.99 (s, 2H, NH), 8.95 (d, 1H= 5.54
Hz, CH), 8.49 (d, 2HJ = 9.28 Hz, CH), 8.45 (s, 1H, CH), 8.28 (d, 1H; 2.97 Hz, CH), 8.10
(d, 1H,J = 1.54 Hz, CH), 7.85 (d, 2H,= 8.07 Hz, CH), 7.63 (d, 2H,= 9.63 Hz, CH), 7.62
(d, 1H,J = 8.85 Hz, CH), 3.53 (t, 4H}; = 6.85 Hz,J, = 5.71 Hz, CH), 2.02 (m, 2H, Ch);

13C NMR (DMSO4g) d/ppm: 164.6, 159.3, 155.4, 151.9, 149.6, 138.1,4,309.1, 124.8,
123.6, 123.0, 122.3, 121.8, 119.3, 105.8, 38.8.HRMS calcd. for gH,1CINsO (M + H)":
454.1435; found: 454.1438. Anal. calcd. faglhoCINsO x 2HCI x 3.2HO (M, = 584.50): C
53.43, H 4.90, N 11.98; found: C 53.31, H 4.67,\02.

4.1.4.1. 4-[2-(7-Chloroquinolin-4-ylamino)ethoxy] benzonitrile (8a).

A suspension of (2-bromoethyl)-(7-chloroquinolindd-amine {¢) (1.52 g, 5.35 mmol), 4-

hydroxybenzonitrile (0.764 g, 6.41 mmol) and patasscarbonate (2.21 g, 16 mmol) in
dimethylformamide (40 mL) was heated at 60 °C férlRunder nitrogen. After cooling to
room temperature, the reaction was diluted with i&0Oof dichloromethane and washed with
water. The organic layer was dried over anhydraxdiusn sulfate, filtered and the solvent

was removed under reduced pressure. The oil olotaimas diluted with methanol (5 mL),



and the product precipitates with addition of watsrwhite powder (1.15 g, 66%); mp 175
°C. IR (UmadcmY): 3434, 3273, 2223, 1608, 1578, 1510, 1257, 11726, 1052, 890, 844,
797, 549H NMR (DMSO-ds) s/ppm: 8.43 (d,) = 5.4 Hz, 1H, ArH), 8.27 (d] = 9.1 Hz, 1H,
ArH), 7.80 (d,J = 2.2 Hz, 1H, ArH), 7.76 (d] = 8.8 Hz, 2H, ArH), 7.46 (ddl = 8.9, 2.2 Hz,
2H, NH + ArH), 7.13 (dJ = 8.8 Hz, 2H, ArH), 6.61 (d] = 5.4 Hz, 1H, ArH), 4.35 () =5.4
Hz, 2H, CH), 3.71 (q,J = 5.3 Hz, 2H, Ch). **C NMR (DMSO+g) s/ppm: 161.89, 151.91,
149.95, 149.05, 134.15, 133.41, 127.54, 124.16,0124119.05, 117.40, 115.57, 102.92,
98.93, 66.11, 41.71. HRMS calcd. foggB15CIN;O (M + H)": 324.0903; found: 324.0901.
Anal. calcd. for GgH14CIN3O x 0.5HO (M, = 332.79): C 64.97, H 4.54, N 12.63; found: C
64.89, H 4.42, N 12.51.

4.1.5. General method for the synthesis the compounds fromgroup I11 (8b-Q)

A solution of nitrile8a (600 mg, 1.85 mmol) in anhydrous methanol (50 mvh} cooled in
an ice bath and saturated with dry HCI gas. Theti@amixture was then sealed, and stirred
at room temperature until the starting nitrile wesslonger detectable with IR. The reaction
mixture was evaporated to dryness and dried overHKOhe crude imidate ester
hydrochloride was suspended in anhydrous MeOH (BPpand the ammonia or appropriate
amine was added. The desired product was isolatéti wolumn cromatography
(CH.CI/MeOH 5:1; MeOH/NHOH 3:1) and converted to hydrochloride salt using
anhydrous ethanol saturated with HCI(Q).

4.1.5.1. 4-[2-(7-Chloroquinolin-4-ylamino)ethoxy] benzimidamide trihydrochloride (8b).

The crude imidate ester hydrochloride was dissoivedry MeOH and saturated with dry
ammonia gas. A solution was stirred at room tentpezaand the progress of the reaction was
monitored by TLC. After three days the desired paidwas isolated using column
cromatography as white solid (207 mg, 23%); mp 1@3IR (Vma/cmiY): 1610, 1583, 186,
1457, 1269, 1211, 1187, 1171, 1087, 1045, 841, B18IMR (DMSO-dg) 6/ppm: 9.99 (] =
5.2 Hz, 1H, NH), 9.11 (s, 2H, NH), 8.68 (s, 2H, NB}6 (dJ = 5.6 Hz, 1H, ArH), 8.32 (d]

= 9.0 Hz, 1H, ArH), 7.82 (s, 1H, ArH), 7.81 (@ = 8.9 Hz, 2H, ArH), 7.52 (dd] = 9.0, 2.2
Hz, 1H, ArH), 7.18 (d,J = 8.9 Hz, 2H, ArH), 6.68 (d) = 5.7 Hz, 1H, ArH), 4.38 (t) = 5.3
Hz, 2H, CH), 3.78 (q,J = 5.2 Hz, 2H, Ch). **C NMR (DMSO+g) s/ppm: 164.27, 163.37,
162.72, 130.20, 129.35, 124.57, 119.68, 119.55,861413.97, 110.58, 98.96, 66.18, 41.92,
40.20. HRMS calcd. for gH1sCIN4O (M + H)": 341.1169; found: 341.1168. Anal. calcd. for



Ci1gH17CIN,O x 3HCI x 2HO (M, = 486.22): C 44.46, H 4.98, N 11.52; found: C 44.8
4.71, N 11.15.

4.1.5.2. 4-[2-(7-Chloroquinolin-4-ylamino)ethoxy] -N-isopropyl benzimidamide
trihydrochloride (8c).

A solution of crude imidate and isopropyl amine 8489, 7.41 mmol) in dry MeOH was
stirred at room temperature. The progress of theti@ was monitored by TLC. After three
days the desired product was isolated using colaramatography as white solid (274 mg,
29%); mp 78 °C. IR na/cmih): 3240, 3093, 2973, 1612, 1580, 1515, 1457, 12624,
1083, 1050, 838, 808, 743 NMR (DMSO-ds) 6/ppm: 9.54 (s, 1H, NH), 9.38 (d,= 8.1
Hz, 1H, NH), 9.26 (s, 1H, NH), 8.88 (s, 1H, NH)68.(d,J = 9.2 Hz, 1H, ArH), 8.59 (d] =
6.9 Hz, 1H, ArH), 8.05 (d]) = 1.9 Hz, 1H, ArH), 7.76 (ddl = 9.1, 1.9 Hz, 1H, ArH), 7.70 (d,
J=8.8 Hz, 2H, ArH), 7.15 (d] = 8.8 Hz, 2H, ArH), 7.01 (d] = 7.0 Hz, 1H, ArH), 4.42 (1]

= 4.9 Hz, 1H, CH), 4.1 — 3.9 (m, 3H, CH +CHi 1.26 (d,J = 6.3Hz, 6H, CH). **C NMR
(DMSO-ds) o/ppm: 161.88, 161.77 151.94, 150.13, 149.07, 133.36.00 , 127.49, 124.26,
124.19 121.82, 117.48, 114.59, 98.90, 66.10, 412%02, 21.53. HRMS calcd. for
C21H24CINLO (M + H)': 383.1638; found: 383.1641. Anal. calcd. fori:CIN4O x 3HCI x
1H,0 (M, =510.29): C 49.43, H 5.53, N 10.98; found: C 9918 5.46, N 10.67.

4.1.5.3. 4-[2-(7-Chloroquinolin-4-ylamino)ethoxy] -N-isobutyl benzimidamide

trihydrochloride (8d).

A solution of crude imidate and isobutylamine (348, 7.41 mmol) in dry MeOH was stirred
at room temperature. The progress of the reactesimonitored by TLC. After three days the
desired product was isolated using column cromafdgr as white solid (233 mg, 24%); mp
80 °C. IR (VmaJcm"l): 3441, 1688, 1612, 1579, 1512, 1456, 1384, 12690, 1143, 1049,
844, 813, 657°*H NMR (DMSO-ds) 6/ppm: 9.72 (tJ = 4.8 Hz, 1H, NH), 9.38 (s, 1H, NH),
9.26 (s, 1H, NH), 9.03 (s, 1H, NH), 8.70 = 9.2 Hz, 1H, ArH), 8.52 (d] = 6.5 Hz, 1H,
ArH), 8.06 (d,J = 2.1 Hz, 1H, ArH), 7.77 (d] = 8.9 Hz, 2H, ArH), 7.64 (dd] = 9.1, 2.0 Hz,
1H, ArH), 7.15 (d,J = 8.8 Hz, 2H, ArH), 6.88 (d] = 6.6 Hz, 1H, ArH), 4.42 (1) = 5.3 Hz,
2H, CH,), 3.91 (qJ = 4.7 Hz, 2H, CH), 3.29 — 3.20 (m, 2H), 2.00 (m, 1H, CH), 0.94J¢;
6.6 Hz, 6H, CH). *C NMR (DMSOds) d/ppm: 162.39, 162.13, 154.99, 144.31, 137.38,
130.13, 126.57, 125.52, 121.04, 120.41, 115.74,76189.08, 66.14, 49.34, 42.48, 26.96,
19.87. HRMS calcd. for £H26CINO (M + H)': 397.1795; found: 397.1803. Anal. calcd. for



C2oH25CINAO x 3HCI x 1HO (M, = 524.31): C 50.40, H 5.77, N 10.69; found: C 50.4
5.65, N 10.58.

4.1.5.4. 4-[2-(7-Chloroquinolin-4-ylamino)ethoxy] -N-cyclopentyl benzimidamide
dihydrochloride (8e).

A solution of crude imidate and cyclopentylamin@d6éng, 7.41 mmol) in dry MeOH was
stirred at room temperature. The progress of theti@ was monitored by TLC. After three
days the desired product was isolated using colaramatography as white solid (246 mg,
26%); mp 141-142 °C. IRf/cmi’): 3353, 1607, 1589, 1513, 1462, 1412, 1368, 1292,
1260, 1166, 1141, 10444 NMR (DMSO-ds) é/ppm: 14.43 (s, 1H, NH), 9.79 (s, 1H, NH),
9.48 (d,J = 7.2 Hz, 1H, NH), 9.29 (s, 1H, NH), 8.87 (s, M), 8.73 (d,J = 9.2 Hz, 1H,
ArH), 8.60 (d,J = 7.1 Hz, 1H, ArH), 8.10 (d] = 2.0 Hz, 1H, ArH), 7.78 (ddl = 9.1, 2.1 Hz,
1H, ArH), 7.71 (dJ = 8.9 Hz, 2H, ArH), 7.14 (d] = 8.9 Hz, 2H, ArH), 7.04 (d] = 7.1 Hz,
1H, ArH), 4.43 (t,J = 5.2 Hz, 2H, Ch), 4.18 — 4.05 (m, 1H, CH), 4.00 (§,~= 5.2 Hz, 2H,
CH,), 2.04 (dd,J = 14.0, 8.7 Hz, 2H, CH, 1.78 — 1.48 (m, 6H, CHl *C NMR (DMSO-ds)
o/lppm: 161.97, 161.71, 155.75, 142.91, 138.75, ¥37180.36, 126.76, 125.96, 121.05,
119.17, 115.49, 114.56, 99.02, 66.17, 54.09, 423632, 23.64. HRMS calcd. for
C23H26CINLO (M + H)': 409.1795; found: 409.1801. Anal. calcd. fog:sCIN4O x 2HCI x
1.75H0 (M, =513.37): C 53.81, H5.99, N 10.91; found: C 6318 5.83, N 10.73.

4.1.5.5. 7-Chloro-N-{2-[ 4-(4,5-dihydro-1H-imidazol-2-yl)phenoxy] ethyl}quinolin-4-amine
dihydrochloride (8f).

A solution of crude imidate and ethane-1,2-dian{&7 mg, 4.63 mmol) in dry MeOH was
refluxed. The progress of the reaction was mornitdyg TLC. After 24 hours the desired
product was isolated using column chromatographthaswhite solid (265 mg, 29%); mp
144-145 °C. IR ¥ma/cm): 3407, 3122, 3094, 1618, 1510, 1403, 1267, 11940, 1092,
1042, 842, 740'H NMR (DMSO-ds) 8/ppm: 14.55 (s, 1H, NH), 10.61 (s, 2H, NH), 9.82)(t
= 5.2 Hz, 1H, NH), 8.75 (dl = 9.2 Hz, 1H, ArH), 8.59 (d] = 7.1 Hz, 1H, ArH), 8.12 (d] =
2.1 Hz, 1H, ArH), 8.04 (dJ = 8.9 Hz, 2H, ArH), 7.77 (ddl = 9.1, 2.1 Hz, 1H, ArH), 7.21 (d,
J=8.9 Hz, 2H, ArH), 7.03 (d] = 7.2 Hz, 1H, ArH), 4.47 (t) = 5.0 Hz, 2H, Ch)), 4.01 (q,

= 5.1 Hz, 2H, CH), 3.95 (s, 4H, Ch). *C NMR (DMSO+g) é/ppm: 163.96, 162.90, 155.85,
142.88, 138.63, 137.94, 130.88, 66.26, 44.09, 4Z2#8AMS calcd. for GoH2CIN,O (M +
H)": 367.1326; found: 367.1315. Anal. calcd. fopoligCINJO x 2HCI x 3HO (M, =
493.81): C 48.65, H 5.51, N 11.35; found: C 48184.26, N 11.10.



4.1.5.6. 7-Chloro-N-{2-[4-(1,4,5,6-tetrahydropyrimidin-2-yl)phenoxy] ethyl }quinolin-4-amine
dihydrochloride (8g).

A solution of crude imidate and propane-1,2-dian{B¥3 mg, 4.63 mmol) in dry MeOH was
refluxed. The progress of the reaction was moritdrg TLC. After 24 hours the desired
product was isolated using column cromatographytate solid (229 mg, 22%); mp 144-145
°C. IR (Vma/cm™): 3407, 3204, 3008, 2932, 1634, 1609, 1582, 14524, 1316, 1260, 1196,
1092, 1142, 1091, 1050, 814, 704. NMR (DMSO-ds) 5/ppm: 10.01 (s, 2H, NH), 8.50 (m,
3H, NH + ArH), 7.94 (d,) = 2.0 Hz, 1H, ArH), 7.78 (d] = 8.8 Hz, 2H), 7.56 (dd} = 9.0, 2.0
Hz, 1H, ArH), 7.16 (d,) = 8.8 Hz, 2H, ArH), 6.77 (d] = 6.1 Hz, 1H, ArH), , 4.40 (] = 5.2
Hz, 2H, CH), 3.83 (g = 5.1 Hz, 2H, CH), 3.46 (s, 4H, Ch), 2.05 — 1.87 (m, 2H, Ci °C
NMR (DMSO-g) d/ppm: 162.49, 158.60, 153.31, 147.98, 144.56, 1861@9.97, 125.86,
125.65, 123.93, , 120.83, 117.01, 115.26, 99.4464642.51, 18.31. HRMS calcd. for
C21H2,CIN4O (M + H)': 381.1482; found: 381.1477. Anal. calcd. for::CIN4O x 2HCI x
1.75H0 (M, = 566.24): C 44.55, H 4.90, N 9.89; found: C 441841.75, N 9.58.

4.1.6.1. 2-{4-[2-(7-Chloroquinolin-4-ylamino)ethoxy] phenyl}-1H-benzo[ d] imidazole-6-
carbonitrile (10a).

The solution of compound (300 mg, 0.92 mmol), nitril8a (122 mg, 0.92 mmoland water
solution of NaHS®@(40%, 5 mL) in ethanol (50 mL) was refluxed for @te hot solution
was filtered, filtrate was evaporated to dryness] the residue was suspended in 30 mL of
water and stirred overnight. The solid was colld@ad dissolved in methanol, with addition
of water product precipitates as a brown powde0 (1), 41%); mp 274 °C. IRUa/cm™):
3421, 2920, 2850, 2368, 2217, 1610, 1581, 14900,18425, 1249, 1180, 1141, 1053, 806.
'H NMR (DMSO-ds) 6/ppm 13.24 (s, 1H, NH), 8.47 (d= 5.6 Hz, 1H, ArH), 8.33 (d] = 9.0
Hz, 1H, ArH), 8.14 (dJ = 6.8 Hz, 2H, ArH), 7.97 (brs, 1H), 7.82 @= 2.1 Hz, 1H, ArH),
7.75 (s, 1H, ArH), 7.66 (s, 1H, ArH), 7.56 = 7.0 Hz, 1H, ArH), 7.51 (ddl = 9.0, 2.1 Hz,
1H, ArH), 7.17 (dJ = 8.8 Hz, 2H, ArH), 6.70 (d] = 5.7 Hz, 1H, ArH), 4.38 () = 5.4 Hz,
2H, CHp), 3.79 (d,J = 5.0 Hz, 2H, CH). *C NMR (DMSO4s) d/ppm 160.42, 151.00,
150.51, 134.19, 128.57, 126.19, 124.61, 124.24,8%21120.02, 117.13, 115.08, 103.64,
98.99, 65.92, 42.04. HRMS calcd. fogs815CINsO (M + H)": 440.1278; found: 440.1291.

4.1.7. General method for the synthesis of the amidines from group 1V (10b-g).

The solution of compouné (300 mg, 0.92 mmol) appropriate 3,4-diaminobenzamidb-g
and water solution of NaHS@®40%, 5 mL) in ethanol (50 mL) was refluxed for @te hot



solution was filtered, filtrate was evaporated tgness, and the residue was suspended in 30
mL of water and stirred overnight. Solid was cdiet with filtration and suspended in
methanol saturated with hydrogen chloride, addibbuliethyl ether resulted in precipitation

of product.

4.1.7.1. 2-{4-[2-(7-Chloroquinolin-4-ylamino)ethoxy] phenyl}-1H-benzo[ d] imidazole-6-
carboximidamide trihydrochloride (10b).

Prepared from amidingb (171 mg, 0.92 mmol) and compou@gdas brown product (266 mg,
49%); mp 249 °C decomp. IRxfa/cmi™): 3410, 3230, 3103, 2914, 2848, 1679, 1612, 1507,
1464, 1383, 1306, 1263, 1228, 1190, 1045, 835, 680,"H NMR (DMSO-ds) 6/ppm: 14.43
(s, 1H, NH), 9.78 (t) = 5.3 Hz, 1H, NH), 9.45 (s, 2H, NH), 9.13 (s, 2H), 8.73 (dJ=9.2
Hz, 1H, ArH), 8.61 (dJ = 7.0 Hz, 1H, ArH), 8.35 (d] = 8.8 Hz, 2H, ArH), 8.18 (d] = 1.0
Hz, 1H, ArH), 8.10 (dJ = 2.1 Hz, 1H, ArH), 7.93 — 7.72 (m, 3H, ArH), 7.28 J = 8.9 Hz,
2H, ArH), 7.07 (dJ = 7.2 Hz, 1H, ), 4.47 (§ = 5.0 Hz, 2H, CH), 4.03 (q,J = 5.1 Hz, 2H,
CH,). °C NMR (DMSO4ds) d/ppm: 165.81, 161.04, 155.92, 153.12, 142.80, 1338.37.98,
129.49, 126.91, 125.88, 123.08, 122.40, 119.05,471815.28, 99.11, 66.05, 42.62. HRMS
calcd. for GsH2,CINgO (M + H)': 457.1543; found: 457.1554. Anal. calcd. fogid::CINgO

x 3HCI x 1.5HO (M, = 593.33): C 50.61, H 4.59, N 14.16; found: C 50H¥ 4.57, N 14.29.

4.1.7.2. 2-{4-[2-(7-Chloroquinolin-4-ylamino)ethoxy] phenyl }-N-isopropyl-1H-

benzo[ d] imidazol e-6-car boxi midamide trihydrochloride (10c).

Prepared from amiding&c (210 mg, 0.92 mmol) and compou@das brown product (266 mg,
45%); mp 204 °C. IR Una/cm): 3416, 3239, 3090, 2916, 1673, 1495, 1452, 138D8,
1265, 1187, 1136, 842, 58'H NMR (DMSO-ds) é/ppm: 14.78 (s, 1H, NH), 9.99 @,= 5.6
Hz, 1H, NH), 9.71 (dJ = 7.7 Hz, 1H, NH), 9.56 (s, 1H, NH), 9.21 (s, I4H), 8.83 (dJ =
9.2 Hz, 1H, ArH), 8.59 (dJ = 6.3 Hz, 1H, ArH), 8.46 (d] = 8.8 Hz, 2H, ArH), 8.19 (d] =
2.1 Hz, 1H, ArH), 8.09 (d] = 1.0 Hz, 1H, ArH), 7.86 (d] = 8.5 Hz, 1H, ArH), 7.76 (ddl =
9.1, 2.1 Hz, 1H, ArH), 7.70 (dd, = 8.5, 1.4 Hz, 1H, ArH), 7.24 (d,= 9.0 Hz, 2H, ArH),
7.05 (d,J = 7.2 Hz, 1H, ArH), 4.50 (] = 5.1 Hz, 2H, CH)), 4.23 — 4.08 (m, 1H, CH), 4.03 (q,
J = 5.0 Hz, 2H, Ch), 1.31 (d,J = 6.4 Hz, 6H, Ch). *C NMR (DMSO+g) 6/ppm: 161.84,
161.45, 155.89, 152.18, 142.73, 138.49, 137.93,8629126.84, 125.87, 124.50, 124.04,
118.99, 115.44, 115.38, 99.07, 66.13, 45.10, 422%98, 21.21. HRMS calcd. for
C2gH2sCINgO (M + H)": 499.2013; found: 499.2019. Anal. calcd. fogldy;CINgO x 3HCI x
3.25H0 (M, = 666.946): C 50.43, H 5.52, N 12.60; found: C330H 5.25, N 12.45.



4.1.7.3. 2-{4-[ 2-(7-Chloroquinolin-4-ylamino)ethoxy] phenyl }-N-isobutyl-1H-
benzo[ d] imidazol e-6-car boximidamide trihydrochloride (10d).

Prepared from amidingd (223 mg, 0.92 mmol) and compou@das brown product (286 mg,
47%); mp 266 °C decomp. IRxfa/cmi): 3426, 3221, 3103, 3061, 2957, 2923, 1675, 1630,
1603, 1583, 1499, 1454, 1382, 1302, 1264, 1192, 8a®, 760*H NMR (DMSO-dg) o/ppm:
14.48 (s, 1H, NH), 9.89 (i = 5.4 Hz, 1H, NH), 9.81 (t) = 5.5 Hz, 1H, NH), 9.56 (s, 1H,
NH), 9.12 (s, 1H, NH), 8.72 (d,= 9.2 Hz, 1H, ArH), 8.58 (d] = 6.4 Hz, 1H, ArH), 8.38 (d,
J=8.8 Hz, 2H, ArH), 8.08 (d] = 2.1 Hz, 2H, ArH), 7.85 (d] = 8.5 Hz, 1H, ArH), 7.76 (dd,
J=9.1, 2.1 Hz, 1H), 7.69 (m, dd,= 8.6, 1.4 Hz, 1H, ArH), 7.22 (d,= 9.0 Hz, 2H, ArH),
7.04 (d,J = 7.2 Hz, 1H, ArH), 4.46 (t) = 4.9 Hz, 2H, CH), 4.00 (gJ = 5.1 Hz, 2H, CH),
3.26 (t,J = 6.5 Hz, 2H, CH)), 2.02 (m, 1H, CH), 0.97 (d = 6.6 Hz, 6H, CH). *C NMR
(DMSO-dg) o/ppm: 163.51, 162.23, 156.37, 152.33, 143.21, 18968.41, 130.60, 127.33,
126.43, 125.22, 124.77, 119.47, 115.96, 115.93,2819.14.68, 99.57, 66.68, 50.19, 43.03,
27.46, 20.39. HRMS calcd. for,3,CINeO (M + H)": 513.2170; found: 513.2178. Anal.
calcd. for GgH29CINgO x 3HCI x 2.25H0 (M, = 662.95): C 52.54, H 5.55, N 12.68; found: C
52.53, H5.32, N 12.36.

4.1.7.4. 2-{4-[ 2-(7-Chloroquinolin-4-ylamino)ethoxy] phenyl}-N-cyclopentyl-1H-
benzo[ d] imidazol e-6-car boximidamide trihydrochloride (10e).

Prepared from amidinge (234 mg, 0.92 mmol) and compou@das brown product (261 mg,
43%); mp 249 °C decomp. IRi/cm™): 3412, 3230, 3104, 3063, 2958, 2916,1603, 1496,
1447, 1380, 1353, 1262, 1195, 1046, 840, BBUNMR (DMSO-dg) o/ppm: 14.53 (s, 1H,
NH), 9.85 (t,J = 7.5 Hz, 2H, NH), 9.60 (s, 1H, NH), 9.14 (s, 1%l), 8.76 (d,J = 9.2 Hz,
1H, ArH), 8.61 (dJ = 8.5 Hz, 1H, ArH), 8.46 (d] = 8.8 Hz, 2H, ArH), 8.13 — 8.05 (m, 2H,
ArH), 7.89 (d,J = 8.5 Hz, 1H, ArH), 7.78 (dd] = 9.1, 2.1 Hz, 1H, ArH), 7.73 (dd,= 8.5,
1.5 Hz, 1H, ArH), 7.27 (d) = 9.0 Hz, 2H, ArH), 7.07 (d) = 7.2 Hz, 1H, ArH), 4.50 (1] =
4.9 Hz, 2H, CH), 4.26 — 4.13 (m, 1H, CH), 4.04 (= 5.0 Hz, 2H, CH), 2.17 — 1.99 (m,
2H, CHy), 1.90 — 1.48 (m, 6H, CH *C NMR (DMSOds) d/ppm: 162.94, 162.13, 156.38,
152.42, 143.25, 139.00, 138.42, 130.51, 127.34,412 125.11, 124.88, 119.48, 115.96,
115.92, 115.54, 114.57, 99.58, 66.66, 54.85, 433486, 24.18. HRMS calcd. for
C30H30CINgO (M + H)': 525.2169; found: 525.2177. Anal. calcd. fagdeCINgO x 3HCI x
1.5H,0 (M, = 661.45): C 54.48, H 5.33, N 12.71; found: C 9413 5.27, N 12.98.



4.1.7.5. 2-{4-[2-(7-Chloroquinolin-4-ylamino)ethoxy] phenyl}-6-(4,5-dihydro-1H-imidazol-2-
yl)-1H-benzo[ d] imidazole trihydrochloride (10f).

Prepared from amidingf (195 mg, 0.92 mmol) and compou@idas brown product (293 mg,
50%); mp 260-262 °C. IRvha/cm): 3434, 3220, 3093, 2919, 1609, 1495, 1455, 1378,
1268, 1201, 1034, 821, 6934 NMR (DMSO-ds) 6/ppm: 14.54 (s, 1H, NH), 10.84 (s, 2H,
NH), 9.84 (t,J = 5.4 Hz, 1H, NH), 8.75 (d] = 9.2 Hz, 1H, ArH), 8.60 (d] = 6.6 Hz, 1H,
ArH), 8.43 (s, 1H, ArH), 8.37 (d] = 8.6 Hz, 2H, ArH), 8.12 (d] = 2.0 Hz, 1H, ArH), 7.97
(d,J=8.4 Hz, 1H, ArH), 7.87 (d] = 8.5 Hz, 1H, ArH), 7.77 (dd] = 9.1, 2.0 Hz, 1H, ArH),
7.22 (d,J = 8.8 Hz, 2H, ArH), 7.06 (d] = 7.2 Hz, 1H, ArH), 4.47 () = 5.1 Hz, 2H, CH),
4.02 (s, 6H, Ch). **C NMR (DMSO«ds) d/ppm: 164.76, 161.29, 155.89, 142.52, 138.59,
137.80, 129.85, 126.69, 126.23, 118.90, 115.51,2B1%9.03, 66.15, 44.23, 42.25. HRMS
calcd. for G/H24CINGO (M + H)': 483.1700; found: 483.1701. Anal. calcd. farzCINgO

x 3HCI x 2.5HO (M, = 637.39): C 50.88, H 4.90, N 13.19; found: C 50H 4.74, N 12.83.

4.1.7.6. 2-{4-[2-(7-Chloroquinalin-4-ylamino)ethoxy] phenyl}-6-(1,4,5,6-
tetrahydropyrimidin-2-yl)-1H-benzo[ d] imidazol e trihydrochloride (10g).

Prepared from amidingg (208 mg, 0.92 mmol) and compou@gdas brown product (260 mg,
45%); mp 263-265 °C; IRU/cm): 3420, 2919, 1606, 1502, 1452, 1378, 1304, 1267,
1187, 1041, 981, 821, 5734 NMR (DMSO-<ds) é/ppm: 14.35 (s, 1H, NH), 10.06 (s, 2H,
NH), 9.75 (t,J = 5.3 Hz, 1H, NH), 8.71 (d] = 9.2 Hz, 1H, ArH), 8.61 (d] = 5.4 Hz, 1H,
ArH), 8.34 (d,J = 8.2 Hz, 2H, ArH), 8.08 (d] = 1.8 Hz, 2H, ArH), 7.85 (d] = 8.4 Hz, 1H,
ArH), 7.80 (dd,J = 9.1, 2.0 Hz, 1H, ArH), 7.66 (d,= 8.3 Hz, 1H, ArH), 7.23 (d] = 8.7 Hz,
2H, ArH), 7.07 (dJ = 7.2 Hz, 1H, ArH), 4.47 (1) = 5.1 Hz, 2H, CH), 4.03 (d,J = 5.2 Hz,
2H, CHp), 3.58 (s, 4H, Ch), 2.08 — 1.97 (m, 2H, CH *C NMR (DMSO+g) 6/ppm: 159.11,
155.89, 142.57, 138.58, 137.82, 129.83, 126.72,172618.92, 115.50, 115.31, 99.04, 66.15,
42.48, 38.80, 17.77. HRMS calcd. fopsB26CINO (M + H)": 497.1857; found: 497.1857.
Anal. calcd. for GgH2sCINgO x 3HCI x 1.25HO (M, = 628.84): C 53.48, H 4.89, N 13.36;
found: C 53.48, H 4.86, N 13.07.

4.2. Spectroscopic studies

Polynucleotides were purchased as noted: polyAipgligma), calf thymustDNA
(Aldrich). Polynucleotides were dissolved in sodioatodylate bufferl (= 0.05 mol di®, pH
7.0). Calf thymusct-DNA was additionally sonicated and filtered thrboug 0.45 mm filter.

Polynucleotide concentration was determined spscbqucally as a concentration of



phosphatesElectronic absorption spectra were obtained on ReeinElmer Lambda 25
spectrometer and CD spectra were collected ona Ja810 spectrometer in quartz cuvettes
(1 cm). The spectroscopic studies were performezhiaqueous buffer solution (pH 7.0; Na-
cacodylate buffer, = 0.05 mol dri¥). UV-Vis titrations were performed at room tempara

by adding portions of polynucleotide solution irttte solution of the studied compound.
Obtained data were corrected for dilution. The Higdconstant K and [bound
compound]/[polynucleotide phosphate] rati (vere calculated according to the Scatchard
equation [36]. Thevalues forKs andn given in Table 1 all have satisfactory correlation
coefficients (>0.99) [31]. Thermal melting curves £t-DNA and polyA-polyU and their
complexes with studied compounds were determinedprasiously described [43] by
following the absorption change at 260 nm as atfanoof temperature. Absorbance of the
ligands was subtracted from every curve, and tls@rdlance scale was normalized. Melting
temperature ;) values are the midpoints of the transition curveéstermined from the
maximum of the first derivative and checked grapliycby the tangent method. GivexT,
values were calculated subtractifig of the free nucleic acid froffi,, of the complex. Every
ATn value here reported was the average of at leastrteasurements, the errorAi, is +

0.5 °C.

4.3. Antiproliferative effects

Effects on the normal and tumors cells’ growth watetermined using the
colorimetric methyltetrazolium (MTT) assay. Expeeints were carried out on four tumor
human cell lines (HeLa, CaCo-2, K562 and Raji) andbne normal canine cell line (MDCK
).. The adherent cells, MDCK1, HelLa, and CaC®ere seeded in 96 micro-well plates at
concentration of 2xT0cells/cnt and allowed to attach overnight in the O@cubator (IGO
150 CELLIife™, JOUAN, Thermo Fisher ScientifigValtham, MA, USA). After 72 hrs of the
exposure to tested compounds, medium was replaitedswng/cni MTT solution and the
resulting formazane crystals were dissolved in DM$&6ukemia cells (1xTOcells, cm?),
were plated onto 96 micro-well plates and afteh#2of incubation, 5mg/cirMTT solution
was added to each well and incubated 4 hrs in thgi@ubator. To each well, 10% SDS
with 0.01 mol dr? HCI was added to dissolve water-insoluble MTT-famane crystals.. The
elisa microplate reader (iMark, BIO RAD, Hercul€#, USA) was used for measurement of
the absorbance at 595nm. All experiments were pagd at least three times in triplicates.

The percentage of cell growth (PG) was calculatdgithe following equation:
PG= (Acompound— A backgrounc/A control— A backgrouna X100



where Avackground@t the adherent cells is the absorbance of MTuitiesl and DMSO;
Abackground@t the suspension cells is the absorbance of thtumewithout cells, but
containing MTT and 10%SDS with 0.01 mol diICl; and Aontol is the absorbance

of cell suspension grown without tested compounds.
4.4. Cell cycle distribution

To analyze the effect of the selected compoundsetircycle, cells were seeded in 6-
well plates (5x10 cells per well) and treated for 24 hrs 1ol dm?®). Cells were then
collected and fixed in ethanol. Fixed samples waeagned with propidium iodide (Pl) and
analyzed by flow cytometry (FACS Canto I, BD Big=mtces). Results were analyzed using
FlowLogic software. Statistical analysis (ANOVA witBonferroni correction) was done
using XLSTAT software.

4.5, Satistical analysis

Calculation of GJp value curves and QC analysis is performed by usiegExcel
tools and GraphPadPrism software (La Jolla, CA}.03. Briefly, individual concentration
effect curves are generated by plotting the logaritof the concentration of tested
compounds(X) vs corresponding percent inhibitioluga (Y) using least squares fit. The best
fit Glso values are calculated using Log (inhibitor) versiwsmalized response - Variable
slope equation, where ¥ 100/(1t 10 ((LoglGyo _ X) * HillSlope)). QC criteria parameters
(20, S:B, R2, HillSlope) were checked for everyd&urve.
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Resear ch highlights:

* Four series of novel 7-chloroquinoline-arylamidimdrids were synthesized

* All compounds bind preferentially to ctDNA

» Antiproliferative activity of the compounds was &ated in four cancer cell lines
» 8ashowed strongest inhibitory activity with 4= 6.2 uM against Raji cell line

» Compoundfa,e, 8a, 10d,ef induced changes in cell cycle of treated cells



