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Abstract: A library of novel anilide and benzylamide derivas of -(4-(2-
methoxyphenyl)piperazin-1-yl)alkanoic acids as comet 5-HTA/5-HT; receptor ligands and
phosphodiesterase PDE4B/PDE7A inhibitors was desigasing a structure-based drug design
approach. Thén vitro studies of 33 newly synthesized compour®i89) allowed us to identif2 as

the most promising multifunctional 5-HJ5-HT- receptor antagonist (5-H{ K; = 8 nM, K, = 0.04
nM; 5-HT; K; = 451 nM,K,, = 460 nM) with PDE4B/PDE7A inhibitory activity (B 1G;, = 80.4
uM; PDE7A 1G, = 151.3uM). Compound22 exerted a very good ability to passively penetrate
through biological membranes and a high metabadibilgty in vitro. Moreover, the pharmacological
evaluation of22 showed its procognitive and antidepressant pragerin rat behavioral tests.
Compound22 at a dose of 3 mg/kd.[.) significantly reversed MK-801-induced episodic muey
deficits in the novel object recognition test, whilt a dose of 10 mg/kgl.) reduced the immaobility
time of animals (by about 34 %) in the forced swimgrtest. The antidepressant-like effect produced
by compoun®2 was stronger than that of escitalopram used a$esence drug. This study opens a
new perspective in the search for efficacious driggsthe treatment of cognitive and depressive

disorders.

Keywords: anilide; benzylamide; 1-(2-methoxyphenyl)pipera&ziderivative; PDE4/PDE7 inhibitor;
5-HT14/5-HT; receptor antagonist; procognitive and antidepreassaivity.

Abbreviations: PDE, phosphodiesterase; 5-HT receptor, serotoegeptor; cAMP, cyclic3%'-
adenosine monophosphate; LCAP, long-chain arylpipee; BBB, blood-brain barrier; RLMs, rat
liver microsomes; IBMX, 3-isobutyl-1-methylxanthindOR test, novel object recognition test; FST,

forced swimming test.



1. Introduction

Due to the growing number of patients sufferingrfrmemory and depressive disorders [1,2], the
search for new drugs with procognitive and antidepant properties is one of the leading research
directions around the world [3-5]. Cognitive fulcting is moderately to severely impaired in paent
with depression [6], schizophrenia [7], and varidosms of dementia including this caused by
Alzheimer’s disease [8]. The impairment of cogmitie the prime driver of the significant disabéi
in occupational, social, and economic functionimg patients. Unfortunately, we have limited
treatment options for cognitive disorders, whick aften accompanied by deterioration of mood, a
factor that worsens patients’ quality of life aedds to their premature death [9,10].

According to latest literature data, drugs with tididectional activity combining procognitive and
antidepressant effects may be achieved by interaegtith serotonin 5-Hi, and 5-HT, receptors [10]
and inhibition of cyclic-35-adenosine monophosphate (cAMP)-specific phospktatiese (PDE)
type 4 and 7 [11-13]. Therapeutic paradox that lagthnists and antagonists of 5-4Tand 5-HT,
receptors may exert procognitive activity is stiliclear [14]. In turn, the action of PDE4/PDE7
inhibitors probably results from the regulation oAMP signaling pathway and their anti-

inflammatory [15,16] and neuroprotective properfies-19].
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Fig. 1. Representative 5-HI/5-HT; receptor ligands with antidepressant activity frpneviously
described studies [20-23].

For several years, we have been developing §/M7HT; receptor ligands with a diverse
functional ago/antagonist profile in a long-charglgiperazines (LCAPS) class containing purine-2,6-
dione scaffold as the terminal fragment. Some camgs from the evaluated series showed

antidepressant activity in an animal behaviord, &g, |-V (Fig. 1) [20-23]. Recently, novel LCAP



derivatives of 8-alkoxypurine-2,6-dione and imid@zd-{]purine-2,4-dione combining 5-HZ/5-HT,
receptor affinity and PDE4B/PDE10A inhibitory adtyv have been designed, synthesized, and
evaluated as potential antidepressant drugg, VI and VIl (Fig. 1) [24-27]. However, the
pharmacological studies aimed to assess the etbéebove mentioned LCAP derivatives of purine-
2,4-dione on cognitive functions have not beengreréd yet.

In this work we made an attempt to obtain innowatultifunctional ligands with ability to
improve cognition and mood. Our research hypothedisat simultaneous interaction with 5-H/b-

HT; receptors and inhibition of PDE4B/PDE7A isoenzynmegy provide both procognitive and
antidepressant activities by their synergistic@fti the intracellular cAMP level.

The aim of this study was to design, synthesizel, evaluate procognitive and antidepressant
activity of novel anilide and benzylamide derivatv of w-(4-(2-methoxyphenyl)piperazin-1-
ylalkanoic acids as 5-HI/5-HT; receptor ligands and PDE4B/PDE7A inhibitors. Theovative
group of hybrid compounds that linked the 1-(2-ma&ttphenyl)piperazine scaffold with a differently
substituted anilide or benzylamide moieig 3, 4, or 5-carbon aliphatic chain was designedgusi
structure-based drug design approach. For the newtyhesized compounds, their 5-44/b-HT;
receptor affinity and PDE4B/PDE7A inhibitory actiwiwere determineth vitro. For the most potent
ligands, the evaluation of functional activity tawatargeted receptors as well as membrane
permeability and metabolic stability was performé&thally, for the most promising compound its
procognitive and antidepressant-like activity wastédin vivo using well-established experimental

paradigms.

2. Results and discussion
2.1.Computer-aided molecule design

In order to obtain innovative multifunctional ligds that combine 5-H} and 5-HT, receptor
affinity and ability to inhibit PDE4B and PDE7A imoms, a ligand-based drug design approach was
applied that relies on the knowledge of moleculed bind to the biological targets of interest. #As
result of combining LCAP moiety being one of thesnaniversal templates used for designing 5-
HT1a and 5-HT, receptors ligands (Fig®) [28—-31] and substituted anilide group found tocbecial
for inhibitory activity of the 1,3-dimethylpurine&diones toward PDE4B and PDE7A (Fig).
[32,33], a new hybrid compound anilide derivative of arylpiperazinylalkanoic dchs a potential

multi-target-directed ligand was designed (HEig.
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Fig. 2. The structures of representative 51&B-HT- receptor ligands based on the LCAP moiety [28—
31].
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Fig. 3. The structures of representative PDE4B/PDE7A inbibibased on the 1,3-dimethylpurine-
2,6-dione scaffold [32,33].

To confirm the advisability of the proposed hybhgpothesis, molecular modeling studies
were performed. The results showed that compdunds able to interact as both a 5./ &nd 5-HT,
receptor ligand as well as a PDE4B and PDE7A idnibi

In 5-HT4 and 5-HT, receptors, hybrid compoudwvas docked in the orthosteric binding sites
(the phenylpiperazine moiety), whereas the teff-butyl-2-hydroxyphenyl)carbamoylpropyl
fragment bound in the additional (allosteric) biglisites. The key anchoring interactions of
phenylpiperazine fragment, common for both the peas, are salt bridges (charge reinforced
hydrogen bonds) to Asp3.32, and aromatie stackings with Phe6.52. In the 5-ATreceptor,
additional stabilizing interactions are as followsn stacking with Tyr2.64, hydrogen bonds to
Asn7.39 and Thr188 (FigA). In the case of the 5-HTeceptor, the additional interactions comprise
n-n stacking with Phe3.28 and hydrogen bonds to A@7aBd Tyr7.43 (Fig.5B). Favorable



complementarity of ligand-receptor interactions gegis a high affinity for the target proteins and

justifies further research within this chemotype.

Dual 5-HT, ,/5-HT; receptor ligand Dual PDE4B/PDE7A inhibitor
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Fig. 4. Design of anilide and benzylamide derivatives ofiperazinylalkanoic acids as potential
multifunctional ligands combining 5-HI/5-HT; receptor affinity and PDE4B/PDE7A inhibitory

activity.

In the case of PDE4B, compoufidwas docked in the center of the catalytic sitaciplg the
phenylpiperazine moiety (responsible for dual 5;KHand 5-HT, receptor activity) in the hydrophobic
pocket (H pocket) between Phe446 and Phe414 residtse phenyl ring formedi-n stacking
interactions  with Phe446. Another fragment of thetrugure - (5tert-butyl-2-
hydroxyphenyl)carbamoylpropyl was situated in theaeof the metal-binding site (M site) and formed
two hydrogen bonds with His234 (carbonyl group) &sg275 (hydroxy group) amino acid residues.
Additionally, there were several weak interactidosnd — aromatic hydrogen bonds with Ser442,
Phe414 and Glu304 (FigC).

In the active site of PDE7A, compourdwas placed analogously. The phenyl ring of the
phenylpiperazine moiety formedn stacking interactions with Phe416. The protonatewgen atom

of piperazine ring formed an H-bond network withwater molecule, which in turn interacted



simultaneously with Tyr211 (hydroxy group) and A6R3 (carbonyl group). (fert-butyl-2-
hydroxyphenyl)carbamoylpropyl fragment also stabiti the proper compound conformation through

a hydrogen bond with Glu282 (a hydroxy group atitpws 2 of phenyl ring) and aromatic hydrogen
bond with GIn261 (Fig5D).
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Fig. 5. The predlcted binding modes of hybrld compouhish the models of 5-Hii (A) and 5-HT,
(B) receptors, as well as PDE4B (C) and PDE7A (&plytic sites. Interactions with the key amino

P25 Giusos

acids are displayed as follows: hydrogen bondsldy® aromatic hydrogen bonds (green), and

aromaticr-n stacking (blue).

It was proved that PDE4B and PDE7A inhibitory aityivdepends on the occurrence of 3
interactions: hydrogen bond with GIn443/GIn413, andstacking interactions with Phe446/Phe416,
and Phe414/Phe384 [34]. The lack of these importegatrogen bonds and one of the aromatic
interactions could pose an explanation of compouweak PDE4B and PDE7A inhibitory activity.

For the hybrid compound its molecular parameters, physicochemical, phaofgccal, and
toxicological properties were determined using appate software (Tablel). Based on the
Lipinski’s rule of five [35], it was estimated ugirthe Instant JChem software that compouriths
physical and chemical properties that would malee likely orally active drug in humans. Using the
Van de Watembeerd [36] and Kelder [37] rules, dmel Ibrain or intestinal estimated permeation
(BOILED-Egg) method [38], it was found that compduhis likely to cross the blood-brain barrier
(BBB) and act within CNS. The risk of mutagenicitymorigenicity, irritating, and reproductive



effects of compound were assessed as low using the OSIRIS Propertjotexsoftware [39].
Finally, using the SwissADME program [40], no stwral fragments known as PAINS (Pan-assay
interference compounds) were found in the desidnybdid compound that could give false positive

results inin vitro pharmacological tests.

Table 1. Prediction of ability to cross the BBB and toxycidf compound? using Instant JChein
SwissADMP’, or OSIRIS Property Explorer

Molecular and CNS penetratiorf Risk of toxicity*
physicochemical propertie$§
MW 425.56 Lipinski's rule Yes Mutagenicity No
HBD 2 Van de Waterbeemd's rule  Yes Tumorigenicity o N
HBA 5 Kelder's rule Yes Irritating effect No
CLogP 3.53 BOILED-Egg Yes Reproductive effect Low
TPSA 65.04 A

Taking into account the results of silico studies, a library of new hybrid compounds was
designed as potential 5-HJ5-HT; receptor ligands and PDE4B/PDE7A inhibitors basedthe
structure of the pilot compound (Fig. 4). 2-Methoxyphenylpiperazine was left as a termimaine
fragment. The benzene ring at the anilide group subistituted with a branched alkyl, ester, hydroxy,
methoxy, or carboxamide group. Moreover, insteadhef anilide group, the benzylamide fragment
was introduced. Both terminal fragments were cotateby a 3, 4, or 5-carbon aliphatic chain. The
modifications were aimed at checking how the lerafthliphatic linker and changing the substitution
mode of the benzene ring at the amide fragmenttaffee receptor and enzymatic affinities of the

obtained compounds.

2.2.Synthesis

Synthesis of the designed compoufd39 was performed according to the multistep procedure
presented in Schente In the first step, commercially available 1-(2thwxyphenyl)piperazine was
alkylated using an appropriate ethyl bromoalkanoatée presence of anhydrousGQO; in refluxing
acetonitrile, yielding ethyl esters3. Intermediate esters were subsequently hydrolywigd KOH
solution in a water-acetone medium, and the resphicids4-6 were isolated after acidification of the
reaction mixture. In the next step, the obtainddsawere coupled with amine (aniline or benzylamine
derivative) in the presence of diflimidazol-1-yl)methanone (CDI) in DMF. The synthe=i amides
were treated with 1 N HCI in methanol to give thef products/-39 as hydrochloride salts.
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Scheme 1. The synthesis of the anilide and benzylamide devea of o-(4-(2-
methoxyphenyl)piperazin-1-yl)alkanoic acidg-39. Reagents and conditions:i) ( ethyl 4-
bromobutanoate, ethyl 5-bromopentanoate, or ettybhohexanoate, &£Os, acetonitrile, reflux, 15
h; (i) KOH, acetone/water, reflux, 8 hjif conc. HCI; {v) aniline or benzylamine derivative, CDI,
DMF, room temp., 72 hy{ HCI in methanol.

2.3.Preliminary in vitro pharmacology
2.3.1. Radioligand binding assays

All the newly synthesized compounds39 were tested for their 5-HI and 5-HT, receptor
affinity in the radioligand binding assays accogdio the previously described protocols [41]. The
inhibition constantsK;) were calculated from the Cheng-Prusoff equatioth presented in Tabl2
The experiments were carried out usifig]{8-OH-DPAT (135.2 Ci/ mmol) and®f]-5-CT (39.2
Ci/mmol) for the human 5-HFE and 5-HT, receptors, respectively, which were all stablyrexped in
human embryonic kidney 293 (HEK293) cells. Busp&r@nd clozapine were used as reference 5-
HT,, and 5-HT, receptor ligands, respectively.

In general, the synthesized 2-methoxyphenylpipaeaderivatives/-39 containing 3, 4, or 5-
carbon aliphatic linker and differently substituteeinzene ring at the amide fragment exerted higher
affinity for the 5-HT;4 receptor than for the 5-HTeceptor (Tabl®). The compounds showed 5-KHT
receptor affinity in the range of 8-590 nM. The mpstent 5-HT4 receptor ligands were compounds
12, 18-28 30-35 and37-39exertingK; < 100 nM. Among them, compoun#l8-24provided a similar
or higher affinity K = 8-29 nM) comparing with buspironk;= 20 nM).In turn, compounds, 9, 11,
13,14, 16, 17, 29, and36 behaved as moderate 5-H{Teceptor ligands (100 nM K; < 500 nM). The
lowest 5-HT A receptor affinity K; > 500 nM) was found for compoun@sl0, and15.

As presented, all the structural modificationstaf prototype hybrid molecule (pilot compound
resulted in an improved affinity for the 5-khlreceptor. Considering the aliphatic linker length
between 2-methoxyphenylpiperazine and amide fraggrienan be concluded that the 4-carbon linker
was more preferred for the enhanced 5Heceptor affinity than 3- or 5-carbon ones (conmmisu
18-29vs. 7-17 and 30-39) what is in line with the previously reported SARalysis results in the
group of purine-based 5-HJ receptor ligands [20,23,24]. Moreover, the analygithe benzene ring
substitution at the amide group revealed that Wvadcalkyl groups were more favorable than

hydroxy, ester, and amide grougsg, compound4.9-23vs.18 and24-26).



Table 2. Structures and 5-HX and 5-HT, receptor affinities of compounds39.
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Compd n m Ki [nM] Ratio K;
5-HT1a 5-HT;  5-HT//5-HTa
7 3 - 2-OH, 5-C(CH)3 539 328 <1
8 3 - 3-C(CHp)s 224 130 <1
9 3 - 3-CH(CH), 187 157 <1
10 3 - 4-C(CHy)s 590 1196 2
11 3 - 4-CH(CHg), 150 954 6
12 3 - 4-CH(CHy)CH,CH; 37 354 10
13 3 - 4-COOC(CH);3 287 3282 11
14 3 - 2-OH 405 471 1
15 3 - 2-CONH, 526 1143 2
16 3 1 2-OH 339 319 1
17 3 1 2-OCH; 292 869 3
18 4 - 2-OH, 5-C(CH)3 61 159 3
19 4 - 3-C(CHy)s 16 75 5
20 4 - 3-CH(CH;), 21 151 7
21 4 - 4-C(CHp)s 21 496 24
22 4 - 4-CH(CH;), 8 451 56
23 4 -  4-CH(CH;)CHCH; 14 323 23
24 4 - 4-COOC(CH)3 29 927 32
25 4 - 2-OH 31 300 10
26 4 - 2-CONH, 82 1874 23
27 4 1 2-OH 43 343 8
28 4 1 2-OCH; 82 366 4
29 4 1 4-C(CHy)s 138 391 3
30 5 - 2-OH, 5-C(CH)3 82 154 2
31 5 - 3-C(CHy)s 53 190 4
32 5 - 3-CH(CH), 34 141 4
33 5 - 4-C(CHy)s 40 514 13
34 5 - 4-CH(CHg), 43 434 10
35 5 - 4-CH(CHy)CH,CH; 69 260 4
36 5 - 4-COOC(CH);3 125 799 6
37 5 - 2-OH 95 254 3
38 5 1 2-OH 70 289 4
39 5 1 2-OCH; 64 515 8
Buspirone 20 -
Clozapine - 18

The replacement of the anilide fragment by benzidenrmoiety resulted in a slight increase in 5-
HT A receptor affinity in the case of 2-hydroxy phedgrivatives {4 vs. 16 and37 vs. 38). On the
other hand, in the tert-butyl analogs this modification decreased (abofwld) 5-HT;a receptor
affinity (21 vs.29).

10



The evaluated compounds39 exerted 5-H7F receptor affinity in the range of 75-3282 nM.
Compoundl9 showed the highest 5-HTeceptor affinity K; = 75 nM) in this group of derivatives but
its activity was 4-fold lower than that for clozapiK; = 18 nM). Compoundg-9, 12, 14, 16, 18, 20-
23, 25, 27-32 34, 35, 37, and38 were characterized as moderate 5-iHceptor ligands (100 nM K;
< 500 nM), while other studied compounds posseaseav affinity toward the 5-HTreceptor K; >
500 nM).

Similarly to the 5-HT, receptor, the 5-Hreceptor affinity of the tested compounds was ésgh
for the derivatives with 4-carbon chain than foe thompounds with 3- and 5-carbon linker.
Considering the benzene ring substitution at thel@moiety it can also be concluded that branched
alkyl groups were preferred, especially, atrietaposition €.g, compounds, 9, 19, 20, 31, and32).

It was also found that only the combination of 2dmescyphenylpiperazine, a 4-carbon aliphatic
linker, and a 3-(isopropyl)phenyl group providegaent and dual 5-HE and 5-HT, receptor ligand
(compoundl9) with K; valueof 16 and 75 nM, respectively. The shortening efalkyl linker from 4-
carbon to 3-carbon one maintained the dual natirteraction of compoun@ but its 5-HT receptor
affinity was reduced.

Finally, the SAR study around amide group showeat the replacement of the anilide by
benzylamide (compoundst vs. 16, 21 vs. 29, 25 vs. 27, 38 vs. 39) did not significantly change the

pharmacological activity of the tested compoundgatal the 5-H7 receptor.

2.3.2. Functional activity evaluation

On the basis of the binding affinity results, aeseof the high affinity 5-HJ, and 5-HT, receptor
ligands was selected for functional profile anayatcording to previously described protocols using
in vitro cellular assays [42]. For the 5-ATreceptor ligands, a cellular aequorin-based foneti
assay was performed with recombinant Chinese hamstary (CHO)-K1 cells expressing
mitochondrially targeted aequorin, the human 5HEceptor, and the promiscuous G proteigifor
the 5-HT;4 receptor. For the 5-HTreceptor ligands, adenylyl cyclase activity wasnitared using
cryopreserved CHO-K1 cells with expression of thenhn 5-HT, receptor. NAN-190 and SB-269970
were used as reference 5-44Tand 5-HT, receptor antagonists, respectively, and serotasim 5-
HT14/5-HT7 receptor agonist.

All the tested compounds showed antagonistic ptiggetoward 5-HT, and 5-HT, receptors
(Table 3), while no activation of 5-Hily and 5-HT, receptors was observed in the cell-based assays.
The evaluated compounds were characterized aspatent 5-HT . receptor antagonists and weak to
moderate 5-HT receptor antagonists. The most potent 5 HEceptor antagonists (compourt;

20, 22, and24) affected the receptor with a similar or highetgpay than that of NAN-19X¢ = 0.07
nM) used as a reference. Other 5:kTeceptor antagonists (compoundslO, 16, 27, 30, and33)
showed theX, value in the range of 0.89 to 4.20 nM. The ant&imnactivity of all tested compounds

toward 5-HT, receptor was much more diverse and providedkihe@alue in the range of 54 nM

11



(compoundl9) to 9900 nM (compoun@4) compared td<, value of 0.2 nM for the reference 5-HT
receptor antagonist SB-269970. However, most ofdkied 5-HF receptor antagonists, 20, 22, 27,

30, and33 gave the,, value at submicromolar level in the range of 1Z0-8M.

Table 3. Antagonistic activity of the selected 5-FlTand 5-HT, receptor ligands.

Compd Kp [NM]
5-HT;a  5-HT;
7 3.40 2300
10 4.20 N.C.
16 4.20 120
19 0.21 54
20 0.13 100
22 0.04 460
24 0.11 9900
27 0.89 240
30 1.10 480
33 1.40 870
NAN-190 0.07 -
SB-269970 - 0.2

N.C. — not calculable

The results obtained in this selected set of comgswshowed the importance of the aliphatic
linker length on the functional profile toward 5-pATreceptor as the potency of the antagonistic
activity was observed in the following order: 4{man (compound49, 20, 22, 24, and27) > 5-carbon
(compounds30 and33) > 3-carbon aliphatic chain (compouridslO, and16). No similar relationship

was found for the 5-Hireceptor.

2.3.3. PDE4B and PDE7A inhibitory activity
All the synthesized compounds39 were testedn vitro for their PDE4B and PDE7A inhibitory
activity using PDE-GI8" Phosphodiesterase Assay and human recombinant B°PRBEd PDE7A
expressed irBpodoptera frugiperd® (Sf9) cells according to previously describedtpeols [43]. A
non-selective PDE inhibitor, 3-isobutyl-1-methyltiaine (IBMX) was used as a reference compound
in this study. The data obtained were analyzedgueitnlinear regression (ADAPT 5 (BMSR, Los
Angeles, CA, USA). PDE4B and PDE7A inhibitory aities were expressed assh@alues.
Compounds/-39 exerted various PDE4B and PDE7A inhibitory acyivit vitro. The IG, values
for active compounds, 10, and18-23 were summarized in Tabfe Other tested compoun8s9, 11-
17, and24-39 showed PDE4B and PDE7Adgralues > 200 puM.
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Table 4. The PDE4B and PDE7A inhibitory activities of comamds?, 10, and18-23.

Compd IC 50 [uM]
PDE4B PDE7A
7 69.0 57.0
10 96.0 27.0
18 36.5 > 200
19 130.0 > 200
20 88.1 > 200
21 138.5 > 200
22 80.4 151.3
23 168.9 125.5
IBMX 28.2 85.6

The hybrid compound showed double-digit micromolar d¢values of 69.0 and 57,0M for
PDE4B and PDETYA, respectively, and its inhibitoggihaty was similar to that obtained for IBMX
(Table4). The structural modification of compouidvhich comprised the elongation of the aliphatic
linker between 2-methoxyphenylpiperazine and anfrdgments from 3- to 4-carbon chain gave
compound18 with increased activity toward PDE4B {C= 36.5 uM). However, this structural
change decreased PDE7A inhibitory activitys(€ 200 uM). In turn, the removal of the hydroxy
group from the amide fragment and introductionheftert-butyl group apara position of the benzene
ring provided compoundO with increased activity toward PDE7A @£= 27.0uM). On the other
hand, this modification decreased activity towaldERB (IG, = 96.0 uM). For several other
compoundsl9-23, their PDE4B IG, values were determined in the range of 80.4-168/0 For
compounds22 and 23, their PDE7A inhibitory activity was estimated &451.3 and 125.5 uM,
respectively. Compounds 10, 22, and23 were found to be weak dual PDE4B/PDE7A inhibitors.

The results obtained in this set of compounds cmefil the influence of the aliphatic linker length
and the mode of the benzene ring substitution at amide fragment on PDE4B and PDE7A
inhibition. Some compoundg,(10, 22, and23) with 3- or 4-carbon aliphatic chain were chardzéesl
as dual PDE4B/PDETA inhibitors, while the 5-carbommologs were inactivel-urthermore, the
replacement of the anilide by benzylamide moietyn{pound21 vs 29) decreased the inhibitory
activity toward both PDE4B and PDE7A. Finally, arséd of the benzene ring substitution at the
amide group revealed that branched alkyl group® wesre favorable than hydroxy, ester, and amide
groups for the activity toward PDE4B/PDE7&.¢, compoundsl8-23 vs 24-26). For the alkyl
substituents, the activity was established in thiowing order: isopropyl >ert-butyl > secbutyl
group. It is worth noting that according to theules of molecular modeling studies, the combination
of 2-hydroxy and Sert-butyl substituents at the benzene ring leadsdastiongest inhibitory activity
toward PDE4B (compoundsand18) but has a different effect on PDE7A.
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2.4.1n vitro ADME studies
2.4.1. Parallel artificial membrane permeability assay

The penetration through biological membranes isctheial aspect determining vivo activity of
CNS-targeted compounds. Thus, compoub®s?0, and22 characterized as potent 5-HTreceptor
antagonists, weak or moderate 5-H€ceptor antagonists with additional inhibitorytiaty toward
PDE4B or PDE7A were selected to extendedvitro ADME studies in order to determine their
passive transport and predict oral absorption.

The membrane permeability of compourk® 20, and 22 was estimated by the commercially
available Pre-coated PAMPA Plate System Gentestt¥redimg to the previously described protocols
and formulas [44,45]. Norfloxacin and caffeine weised as a low- and high-permeable reference
drug, respectively. The probes were analyzed byMSCYWaters ACQUITY™ TQD system with the
TQ Detector.

Table 5 Membrane permeability of the selected compodr®i20, 22, and reference substances.
Compd  P2[10°cm/s] = SD

19 48+1.0

20 86+1.0

22 105+3.1
Norfloxacin 0.6+0.1
Caffeine 15.1+04

*PAMPA plate’s manufacturer breakpoint for permeatdmpounds: £ 1.5 x 16 cm/s [46]

The calculated permeability coefficientg)(For compoundd49, 20, and22 were much higher than
that for a low-permeable reference drug, norfloraand lower than that for a high-permeable
compound, caffeine (Tab®. Moreover, the obtained. Ralues for compoundks, 20, and22 were 3-

, 6-, or 7-fold higher, respectively, than thaticaded as the breakpoint for permeable compoungds (P
> 1.5 x 10° cm/s) [46].

In this study, the passive transport of compout#20, and22 across the cell membranes as well

as an opportunity for their oral absorption wergnested as high. The highest ability to passively

penetrate through biological membranes was founth#4-isopropylanilide derivativa2.

2.4.2. Metabolic stability study

Determination of metabolic stability and metabalitd new chemical entities is a key step in the
process of drug discovery, since it influences piaaological, pharmacokinetic, and toxicological
properties of the tested compounds. The prelimimagyabolic stability study of compounds, 20,
and 22 was performedn vitro using rat liver microsomes (RLMs) according to theviously
described protocols [47]. The supernatants werdyzed by UPLC/MS using LC/MS Waters
ACQUITY™ TQD system with the TQ Detector. The rdésubf biotransformation study and

characteristics of metabolites were presented ibleré. Additionally, the in silico study was
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performed by MetaSite 6.0.1 and the sites of bistiGrmation of compoun#@2 were predicted (Fig.
6).

UPLC/MS analyses of the reaction mixtures afteod@rh of incubation with RLMs indicated the
rapid and almost complete decomposition of comps®kand 20, possibly due to the hydrolysis of
anilide (amide) bond to alkylcarboxylic acid9-M1, 20-M1) and an appropriate aniline derivative
(19-M2, 20-M2) (Table6).

Table 6. Biotransformation study results of compountid 20, and 22 and their metabolite

characteristics.

Parent compounds [M+H] * Metabolic pathway % content after incubation
and their metabolites with RLMs

19 424.34 hydrolysis 23.8
19-M1 293.21 - 66.2
19-M2 150.14 - 10.0

20 410.38 hydrolysis 6.5
20-M1 293.21 - 80.9
20-M2 136.11 - 12.6

22 410.38 hydroxylation 90.1
22-M1 426.33 - 5.9
22-M2 426.33 - 4.0

According to the UPLC/MS spectra, compowtitiwas characterized by a high metabolic stability
using RLMs. After 2 hours of incubation with RLMsnly around 10 % of compourf®? (tzx = 5.19
min, [M+H]" = 410.38) was metabolized into two metabolit22:M1 (tz = 4.64 min, [M+H] =
426.33) and22-M2 (tg = 3.72 min, [M+H] = 426.33) (Supp. FigS1-4. The MetaSitein silico
prediction (Fig.6), the ion fragmentation analyses performed for moumd22 and its metabolites as
well as increased [M+H]values of both metabolite2-M1 and22-M2 by 16 mass units relative to
the initial [M+H]" value of compound®? indicated the hydroxylation at the benzene ringthaf
phenylpiperazine scaffol®®-M1) or the hydroxylation at the isopropyl group of thnilide fragment
(22-M2) as the most probable biotransformation siteoaffmpund22.

Analysis of the structure-metabolic stability reaship in the studied group of anilide derivatives
enabled the statement that branched alkyl substitatethepara position of the benzene ring at the
amide fragment increased the metabolic stabiligmioound22), while substitution at theneta
position decreased the metabolic stability in théVB (compoundl9 and 20). The results obtained

make compoun@2 a good candidate for further studies, includingawgoral tests in animals.
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Fig. 6. The plot of MetaSite 6.0.1 prediction for sites lmbtransformation of compoun2?. The
darker red color of the marked functional groupigates its higher probability to be involved in the
metabolism pathway. The blue circle marked the sfteompound22 which may be involved in

metabolism with the highest probability.

2.5.In vivo behavioral evaluation

Thein vitro pharmacological profile and suitable ADME propestiof the presented compounds
prompted us to evaluate their procognitive anddapiiessant activityn vivo. We selected for
behavioral studies compoui2@ which was characterized as a potent 5:HEceptor antagonist with
weak 5-HT, receptor antagonistic properties and an inhibitacyivity toward both PDE4B and
PDETA isoenzymes. The choice was dictated by tlsaltse of functional studies suggesting the
insignificance of antagonistic properties of compd@2 toward the 5-H7F receptor and its negligible
effect on the reduction of cAMP level. Moreoveryel studies provided evidence that 5/,HT
receptor blockade may be also useful in treatignitive and antidepressant disorders [5,48].

The procognitive and antidepressant activity of poond22 was tested in Wistar rats at doses of
1, 3, and 10 mg/kg.p.) using well-established experimental paradignes, novel object recognition
(NOR) and forced swimming (FST) tests, respectiviglgreover, in order to exclude the possibility of
competing behaviors, such as general locomotoviggtthe open field (OF) test was carried out and

the influence of effective doses2® was studied.

2.5.1. Ability of compoun@?2 to reverse memory impairment

Following a single administration, compou@ at doses of 1 and 3 mg/kg reversed MK-801-
induced memory impairment in the NOR test in r&ig.(7) but the effect was statistically significant
only at the dose of 3 mg/kg. Moreover, effectiveselof 3 mg/kg obtained in the NOR test had no

influence on the spontaneous locomotor activitthefanimals in the OF test (Table
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Fig. 7. Effect of compoun®2 on MK-801-induced memory deficits in rat NOR tdgK-801 was
administered.p. 30 min and the tested compound 60 min before fhphkse. Data represent mean +
SEM. Rats per group N = 6-8. *p < 0.05. vehicle-treated group, #p < 0.05. MK-801-treated
group (one-way ANOVA followed by Bonferroni’s posihtest).

Table 7. Effect of compoun®2 and escitalopram on the rat locomotor activity suead in the OF

test.
Treatment Dose Total distance Rearings Ambulations  Ambulations
(ma/kg) (cm) X Y
Vehicle 0 2334.7 £ 201.4 48.0£6.5 223.5+23.5 203.3431
Cmpd 22 3 2257.2 £ 229.6 440+4.1 116.8 £ 32.1 219.8 435
10 1156.8 + 105.0** 18.5 + 1.3%** 103.0 £ 14.6* 82+ 6.7**
Vehicle 0 1897.3 £ 98.6 426 +4.8 1945+21.4 201.1 826.
S-cit 20 2058.5+113.1 39.9+6.3 205.1+24.0 192.5P1

The compoun@2 was injected.p. 60 min, while escitalopram (S-cit) was givigm 30 min before the
test. Values represent the mean + SEM during 5teshsession compared to the respective vehicle-
treated group. Rats per group N = 4-6. *p < 0.0%, £ 0.01, ***p < 0.001 (one-way ANOVA
followed by the Bonferroni’s post hoc test).

2.5.1. Antidepressant-like effect of compowiid

Following a single administration, compou@d reduced the immobility time of animals in the
FST by about 34 % at dose of 10 mg/kg, while th&eremce drug, escitalopram, revealed
antidepressant-like effect at 2-fold higher dos®fmg/kg, shortening the immaobility time by about
49 % (Fig.8). The antidepressant-like effect produced by camp@?2 as well as escitalopram seems
to be specific, since both compounds given at tefactive doses did not increase the spontaneous
locomotor activity of rats in the OF test (Talile However, compoun@2 significantly reduced the

mobility of animals which indicates its sedativeperties.
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Fig. 8. Effect of compoun@2 and escitalopram in the FST in rats. The comp@&was injected.p.
60 min, while escitalopram 30 min before the t¥siues represent mean + SEM and are expressed as
percentage of control. Rats per group N = 6-8. *&p0.001vs. vehicle-treated group (one-way

ANOVA followed by the Bonferroni’'s post hoc test).

Animal tests showed both procognitive and antidegaat effects of compoun22 being a
representative of a new class of compounds witquenimechanism of action. However, thevivo
activity of compoun®2 seems to be related to its antagonistic propetdiward the 5-HT, receptor.
Furtherin vivo studies, including pharmacokinetic evaluation, rreéeded to provide evidence for the
participation of individual targets in the vivo activity. In addition, then vitro studies to specify the
affinity of obtained compounds for other receptafsich are recognized therapeutic targets in the
treatment of CNS disorders or are associated witlerse effects should be performed. The obtained
compound22 represents the new lead structure for furtherngpttion to find more active and
metabolically stable derivatives showing this dadimulti-target mechanism of action. An improved
multifunctional ligand with a balanced activity fite toward 5-HT./5-HT; receptors and

PDE4B/PDE7A will be eventually tested for its effay in an animal model of Alzheimer’s disease.

3. Conclusions

In this paper, the computer-aided design and sgighe# 33 innovative anilide and benzylamide
derivatives ofw-(4-(2-methoxyphenyl)piperazin-1-yl)alkanoic acisre described. The synthesized
compounds were found to be potent to moderate blHceptor antagonists with moderate to weak
5-HT; receptor antagonistic properties and additionaE#® and PDE7A inhibitory activities.
Binding mode predictions shed light on structurdjuirements for multifunctional 5-HA/5-HT,
receptor ligands and PDE4B/PDE7A inhibitors. SARalgsis showed that the 4-carbon aliphatic
chain between cyclic amine and amide fragments thesnost favorable for obtaining multi-target-
directed ligands of 5-Hk/5-HT; receptors and PDE4B/PDETA inhibitors. Moreovee tilenzene
ring substitution site at the amide fragment wasitbas a possible modification site of the metaboli
stability of the tested compounds. The selectedpoamd 22 characterized as a potent 54T
receptor antagonist, a weak 5-Heceptor antagonist with an additional PDE4B/PDEfRibitory

activity and suitablén vitro ADME properties showeith vivo procognitive-like and antidepressant-
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like activity in well-established experimental &gh rats. Then vitro studies suggested that the
behavioral effects of compour®2 were most likely related to its antagonistic pmties toward 5-
HT1a receptor; however, the detailed selectivity andrptacokinetic studies are needed to establish
the participation of individual targets in vivo activity. The obtained compour? represents a new
lead structure for further optimization to find raocactive and metabolically stable derivatives with

procognitive and antidepressant activity.

4. Materials and methods
4.1.In silico studies

The design of compounds was supported by calcalatianolecular properties and prediction of
physicochemical properties, BBB permeation, anll of toxicity using appropriate software. The
calculation of molecular properties and predictafrphysicochemical characteristics were performed
using Instant JChem software [49]. PAINS alerts @nedability of compound to cross the BBB was
checked using SwissADME server [50]. OSIRIS Prgopéntplorer was used to estimate the risk of
toxicity [39]. The prediction of metabolic biotrdosmation was performed using MetaSite 6.0.1
(Molecular Discovery Ltd, UK) [51].

The studies on the binding mode were performedguSimall-Molecule Drug Discovery Suite
(Schidinger Ltd.) [52]. Ligand structures were optimiaeging LigPrep tool and OPLS-3 force field.
The structural models of serotonin receptors 54hd 5-HT, and PDEs 4 and 7 have been described
previously [4,43]. The docking procedure was cdrreeit by Glide XP tool using default settings.
Complexes were additionally optimized by Prime t{fkfine Protein-Ligand Complex) in order to
minimize their energy and correct ligand arrangemeihe active site. The results were analyzed for

both Glide gscore and the presence of proper ictierss.

4.2.Synthesis

All the reagents and solvents were purchased frgm&Aldrich, TCI Europe, or Fluorochem.
Thin layer chromatography was performed on Merdicasigel 60 ks, aluminium sheets (Merck,
Darmstadt, Germany) with the following solvent: (dichloromethane/methanol (9:1). Spots were
detected by their absorption under UV light5254 nm). Column chromatography was performed on
Merck silica gel 60 (63-200 mm) with the solvent'.NMR and**C NMR spectra were recorded on
Varian Mercury 300 at 300 MHz and 75 MHz, respediiy using TMS (0.00 ppm) as an internal
standard and DMS@; as solvent. Chemical shifts were expressed ifppm) and the coupling
constants] in Hertz (Hz) and splitting patterns were desigdaas follows: s (singlet), b.s. (broad
singlet), d (doublet), t (triplet), g (quartet),dam (multiplet). LC/MS analyses were performed on
Waters Acquity TQD apparatus with. ©AD detector. For mass spectrometry, E@&llectrospray
positive) ionization mode was used. UV spectra welen in the range of 200-700 nm. For

establishing the purity of compounds, UV chromatogs were used. The UPLC/MS purity of all the
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synthesized compounds was determined to be ovés. delting points (mp) were determined with a
Biichi apparatus and are uncorrected. Elementaysemliwere taken with Elementar Vario EL Il
apparatus. Analyses indicated by the symbols oktbments were within £ 0.4 % of the theoretical

values.

4.2.1. General procedure for the synthesis of etn(4-(2-methoxyphenyl)piperazin-1-yl)alkanoates
(1-3) andw-(4-(2-methoxyphenyl)piperazin-1-yl)alkanoic acfds5)

The synthesis of the intermediate8 from 1-(2-methoxyphenyl)piperazine aab from ethyl o-(4-
(2-methoxyphenyl)piperazin-1-yl)alkanoate8 has been reported previously [53]:

* Ethyl 4-(4-(2-methoxyphenyl)piperazin-1-yl)butane4t),

» Ethyl 5-(4-(2-methoxyphenyl)piperazin-1-yl)pentateo),

* Ethyl 6-(4-(2-methoxyphenyl)piperazin-1-yl)hexaro&),

* 4-(4-(2-Methoxyphenyl)piperazin-1-yl)butanoic aét),

* 5-(4-(2-Methoxyphenyl)piperazin-1-yl)pentanoic a¢id,

*  6-(4-(2-Methoxyphenyl)piperazin-1-yl)hexanoic a¢&).

4.2.2. General procedure for the synthesis of hydrochksid of the w-(4-(2-
methoxyphenyl)piperazin-1-yl)alkanamidés30)

A mixture of 1 mmol of alkanoic acid, 5, or 6 with 1.5 mmol of CDI in DMF (5 mL) was stirred at
room temperature for 30 minutes. Then, 1 mmol girapriate aniline or benzylamine was added and
stirring was continued for 72 hours. Afterwards3 8rops of water were added and the mixture was
concentrated under reduced pressure. The obtainede cproduct was purified by silica gel
chromatography with solvent A as eluent. The hydiarides of compounds-39 were prepared by
dissolving the compounds in a minimum quantity etianol. Then, the solution was treated with 1 N

solution of HCI(g) in methanol, evaporated undelueed pressure, washed, and dried.

4.2.2.1 N-(5-(tert-butyl)-2-hydroxyphenyl)-4-(4-(2-methokepyl)piperazin-1-yl)butanamide
hydrochloride 7)

The title compound was obtained frahand 2-amino-4tért-butyl)phenol as a white solid; yield 59

%; mp 176-178 °CR; = 0.42 (A);'H NMR (300 MHz, DMSOds) § ppm 1.21 (s, 9H, C(&5)3), 1.89 -

2.13 (m, 2H, CHCH,CH,), 2.53 (t,J = 7.00 Hz, 2H, CHCH,CH,), 2.94 - 3.23 (m, 6H,

N(CH,CH,),NH*, CH,CH,CH,), 3.42 - 3.60 (m, 4H, N(8,CH,),NH"), 3.77 (s, 3H, O85), 6.78 (d J

= 8.79 Hz, 1H, 3-Ph’), 6.84 - 7.07 (m, 5H, 3,4,B6;-4-Ph’), 7.74 (d) = 2.34 Hz, 1H, 6-Ph’), 9.44 (s,

1H, CONH), 9.55 (s, 1H, @), 10.65 (br.s., 1H, N*); *C NMR (75 MHz, DMSOds) & ppm 19.8,

31.8, 33.2, 34.2, 47.3, 51.6, 55.6, 55.8, 112.8,0,1118.6, 120.0, 121.3, 121.9, 123.9, 126.0,9,39.
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141.6, 146.1, 152.2, 171.0; LC/M®i/zcalc. 426.28, found 426.27; MW 462.02; AnajstGsCIN;O;
(C, H, N).

4.2.2.2 N-(3-(tert-butyl)phenyl)-4-(4-(2-methoxyphenyl)pgugn-1-yl)butanamide hydrochlorid&)(

The title compound was obtained frahand 3-{ert-butyl)aniline as a white solid; yield 69 %; mp
201-203 °C;R = 0.39 (A);"H NMR (300 MHz, DMSOdg) 5 ppm 1.24 (s, 9H, C(&5)), 1.97 - 2.11
(m, 2H, CHCH,CHj), 2.43 (t,J = 7.03 Hz, 2H, CKHCH,CH,), 3.00 - 3.22 (m, 6H, N(C}€H,),NH",
CH,CH,CHj), 3.40 - 3.61 (m, 4H, N(8,CH,),NH"), 3.77 (s, 3H, O83), 6.85 - 7.08 (m, 5H, 3,4,5,6-
Ph, 4-Ph’), 7.19 () = 7.91 Hz, 1H, 5-Ph’), 7.48 (d,= 7.60 Hz, 1H, 6-Ph’), 7.61 (s, 1H, 2-Ph’), 10.11
(s, 1H, CONH), 10.92 (br.s., 1H, N*); *C NMR (75 MHz, DMSOds) 5 19.7, 31.6, 33.6, 34.8, 47.3,
51.6, 55.5, 55.8, 112.3, 116.6, 116.8, 118.6, 12mr3.3, 123.8, 128.7, 139.4, 139.9, 151.6, 152.2,
170.3; LC/MS:m/zcalc. 410.28, found 410.25; MW 446.03; AnadsH3:CIN;O, (C, H, N).

4.2.2.3.N-(3-isopropylphenyl)-4-(4-(2-methoxyphenyl)pipémak-yl)butanamide hydrochlorid®)
The title compound was obtained frehand 3-isopropylaniline as a white solid; yield%7 mp 197-
199 °C;R; = 0.41 (A);"H NMR (300 MHz, DMSOds) & ppm 1.16 (d,J = 7.03 Hz, 6H, CH(El5),),
1.95 - 2.11 (m, 2H, C¥H,CH,), 2.43 (t,J = 7.03 Hz, 2H, CKLCH,CH,), 2.72 - 2.89 (m, 1H,
CH(CHs),), 2.99 - 3.19 (m, 6H, N(8,CH,),NH", CH,CH,CH,), 3.42 - 3.61 (m, 4H,
N(CH,CH,),NH"), 3.77 (s, 3H, 083), 6.84 - 7.05 (m, 5H, 3,4,5,6-Ph, 4-Ph’), 7.18](t 7.91 Hz,
1H, 5-Ph’), 7.43 (dJ = 8.21 Hz, 1H, 6-Ph’), 7.48 (s, 1H, 2-Ph’), 10.87 IH, COMNH), 10.75 (br.s.,
1H, NH); *C NMR (75 MHz, DMSOdg) & ppm 19.7, 24.3, 33.6, 33.9, 47.2, 51.5, 55.5, ,5612.3,
117.2, 117.5, 118.6, 121.3, 121.6, 123.8, 129.0,713139.9, 149.3, 152.2, 170.3; LC/M8I/zcalc.
396.26, found 396.29; MW 432.00; Anahk4834CIN;O, (C, H, N).

4.2.2.4 N-(4-(tert-butyl)phenyl)-4-(4-(2-methoxyphenyl)pgugn-1-yl) butanamide hydrochlorid&)
The title compound was obtained frahand 4-{ert-butyl)aniline as a white solid; yield 58 %; mp
196-198 °CR; = 0.44 (A);'H NMR (300 MHz, DMSOds) 5 ppm 1.23 (s, 9H, C()3), 1.76 (m,J =
7.03 Hz, 2H, CHCH,CH,), 2.21 - 2.42 (m,J = 7.03 Hz, 4H, E,CH,CH,), 2.51 (m, 2H,
N(CH,CH,),NH"), 2.93 (m, 4H, N(CKCH,),NH"), 3.74 (s, 3H, 083), 6.76 - 6.99 (mJ = 2.34 Hz,
4H, 3,4,5,6-Ph), 7.27 (nd,= 8.79 Hz, 2H, 3,5-Ph’), 7.49 (nd,= 8.79 Hz, 2H, 2,6-Ph’), 9.77 (s, 1H,
CONH), 10.78 (br.s., 1H, N); **C NMR (75 MHz, DMSOd,) & ppm 19.7, 31.6, 33.6, 34.4, 47.3,
51.6, 55.5, 55.8, 112.4, 118.6, 119.4, 121.3, 12129.7, 137.1, 139.9, 145.8, 152.2, 170.2; LC/MS:
m/zcalc. 410.28, found 410.32; MW 446.03; AnadsH3sCIN;O, (C, H, N).

4.2.2.5.N-(4-isopropylphenyl)-4-(4-(2-methoxyphenyl) pipémak-yl)butanamide hydrochloridel{)

The title compound was obtained frehand 4-isopropylaniline as a white solid; yield%9 mp 200-
202 °C;R; = 0.40 (A);"H NMR (300 MHz, DMSOds) & ppm 1.15 (d,) = 7.03 Hz, 6H, CH(El5),),
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1.83 - 2.05 (m, 2H, CHCH,CH,), 2.39 (t,J = 7.03 Hz, 2H, CHCH,CH,), 2.72 - 2.85 (m, 1H,
CH(CH),), 2.85 - 3.47 (m, 10H, N(&,CH,),NH*, CH,CH,CH,), 3.77 (s, 3H, O8j), 6.84 - 7.03 (m,
4H, 3,4,5,6-Ph), 7.14 (d,= 8.79 Hz, 2H, 3,5-Ph), 7.50 (d,= 8.21 Hz, 2H, 2,6-Ph), 9.97 (s, 1H,
CONH), 10.73 (br.s., 1H, N*); *C NMR (75 MHz, DMSOek)  ppm 20.3, 24.4, 33.3, 33.8, 47.9,
52.0, 55.8, 56.0, 112.3, 118.6, 119.7, 121.3, 1226.8, 137.5, 140.2, 143.5, 152.3, 170.4; LC/MS:
m/zcalc. 396.26, found 396.22; MW 432.00; Anald@.CIN;O; (C, H, N).

4.2.2.6.N-(4-(sec-butyl)phenyl)-4-(4-(2-methoxyphenyl)pgzém-1-yl)butanamide hydrochloridé2)
The title compound was obtained frotrand 4-6ecbutyl)aniline as a white solid; yield 55 %; mp
168-170 °C;R; = 0.42 (A); '"H NMR (300 MHz, DMSOds) & ppm 0.73 (t,J = 7.60 Hz, 3H,
CH(CH;)CH,CH3), 1.14 (d, J = 6.45 Hz, 3H, CH(E3)CH,CH;), 1.38 - 1.60 (m, 2H,
CH(CH;)CH,CH3), 1.93 - 2.12 (m, 2H, CH¥H,CH,), 2.34 - 2.46 (tJ = 7.03 Hz, 2H, CKCH,CH,),
2.93 - 3.24 (m, 7H, N(CHH,),NH", CH,CH,CH,, CH(CH3)CH,CHs), 3.38 - 3.61 (m, 4H,
N(CH,CH,),NH")), 3.77 (s, 3H, O85), 6.81 - 7.04 (m, 4H, 3,4,5,6-Ph), 7.10 Jd; 8.80 Hz, 2H, 3,5-
Ph"), 7.50 (dJ = 8.20 Hz, 2H, 2,6-Ph’), 10.05 (s, 1H, CEN 10.74 (br.s., 1H, N*); *C NMR (75
MHz, DMSOds) 6 ppm 12.5, 19.7, 22.3, 31.0, 33.6, 40.8, 47.2, 59566, 55.8, 112.4, 118.6, 119.7,
121.3, 123.8, 127.4, 137.5, 139.9, 142.3, 152.9,221.C/MS:m/z calc. 410.28, found 410.25; MW
445.25; Anal. GsH36CIN3O; (C, H, N).

4.2.2.7 Tert-butyl 4-(4-(4-(2-methoxyphenyl)piperazin-1byifanamido)benzoate hydrochloridis)

The title compound was obtained frehandtert-butyl 4-aminobenzoate as a white solid; yield 79 %
mp 180-182 °CR: = 0.42 (A);'H NMR (300 MHz, DMSOd;) & ppm 1.51 (s, 9H, C(E5)3), 1.96 -
2.13 (m, 2H, CHCH,CH,), 2.53 (t,J = 7.00 Hz, 2H, CHCH,CH,), 3.01 - 3.22 (m, 6H,
N(CH,CH,),NH*, CH,CH,CH,), 3.38 - 3.53 (m, 4H, N(8,CH,),NH"), 3.77 (s, 3H, Of), 6.75 -
7.09 (m, 4H, 3,4,5,6-Ph), 7.73 @ 8.80 Hz, 2H, 3,5-Ph’), 7.83 (d,= 8.80 Hz, 2H, 2,6-Ph’), 10.55
(s, 1H, CONH), 10.90 (br.s., 1H, N); **C NMR (75 MHz, DMSOsd;) & ppm 19.5, 28.3, 33.7, 47.3,
51.6, 55.5, 55.8, 80.7, 112.3, 118.6, 118.7, 121239, 126.0, 130.5, 139.9, 143.7, 152.2, 165.0,
171.0; LC/MS:m/zcalc. 454.27, found 454.18; MW 490.03; Anadet3cCIN3O,4 (C, H, N).

4.2.2.8.N-(2-hydroxyphenyl)-4-(4-(2-methoxyphenyl)piperakziyl)butanamide hydrochloridd4)

The title compound was obtained fr@hand 2-aminophenol as a white solid; yield 55 %;28p-231
°C; R = 0.38 (A);'"H NMR (300 MHz, DMSOdg) & ppm 1.91 - 2.13 (m, 2H, GBH,CH,), 2.52 -
2.56 (t,J = 7.03 Hz, 2H, CKHCH,CH,), 2.93 - 3.25 (m, 6H, N(C}¥H,);NH"*, CH,CH,CH,), 3.37 -
3.61 (m, 4H, N(GI,CH,),NH"), 3.77 (s, 3H, 0O83), 6.67 - 6.79 (m, 1H, 3-Ph’), 6.82 - 7.06 (m, 6H,
3,4,5,6-Ph, 4,5-Ph’), 7.74 (d,= 7.03 Hz, 1H, 6-Ph’), 9.38 (s, 1H, CEI\ 9.80 (s, 1H, @), 10.67
(br.s., 1H, N"); *C NMR (75 MHz, DMSOds) & ppm 19.8, 33.3, 47.3, 51.6, 55.6, 55.8, 112.4,
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116.3, 118.6, 119.3, 121.3, 123.0, 123.9, 125.6,612139.9, 148.5, 152.2, 170.8; LC/M8/z calc.
370.21, found 370.17; MW 405.92; Anah;8,sCIN;O; (C, H, N).

4.2.2.9.2-(4-(4-(2-Methoxyphenyl)piperazin-1-yl)butanamisie)zamide hydrochloridd%)

The title compound was obtained frehand 2-aminobenzamide as a white solid; yield 60rfp;209-
211 °C;R: = 0.33 (A);'"H NMR (300 MHz, DMSOd,) & ppm 1.99 - 2.12 (m, 2H, GBH,CH,), 2.41

(t, J=7.03 Hz, 2H, CKCH,CHy), 2.96 - 3.24 (m, 6H, N(C4£H,),NH", CH,CH,CH,), 3.39 - 3.61 (m,
4H, N(CH,CH,),NH"), 3.77 (s, 3H, O83), 6.83 - 7.04 (m, 4H, 3,4,5,6-Ph), 7.10Xt 7.00 Hz, 1H,
5-Ph’), 7.47 (tJ = 7.60 Hz, 1H, 4-Ph’), 7.79 (dd, = 7.91, 1.47 Hz, 1H, 3-Ph’), 8.28 (br.s., 2H,
CONH,), 8.42 (dJ = 7.62 Hz, 1H, 6-Ph’), 10.70 (br.s., 1H, CABN11.68 (s, 1H, N*); *C NMR (75
MHz, DMSO-ds) 6 ppm 18.9, 34.0, 46.7, 51.1, 54.9, 55.3, 111.8,1,1B19.9, 120.3, 120.8, 122.4,
123.3, 128.6, 132.0, 139.3, 139.4, 151.7, 169.0,66 1.C/MS: m/z calc. 397.22, found 397.22; MW
432.94; Anal. GH,4CIN4Os (C, H, N).

4.2.2.10. N-(2-hydroxybenzyl)-4-(4-(2-methoxyphenyl)piperdziyl)butanamide hydrochloride
(16)

The title compound was obtained freghand 2-(aminomethyl)phenol as a white solid; yi&Bd%; mp
144-146 °C;R; = 0.40 (A);*"H NMR (300 MHz, DMSOds) & ppm 1.86 - 2.04 (m, 2, GBH,CH,),
2.20 - 2.32 (m, 2H, CKCH,CH,), 2.93 - 3.20 (m, 6H, N(C}£H,),NH", CH,CH,CH,), 3.43 - 3.56 (m,
4H, N(CH,CH,),NH"), 3.77 (s, 3H, O85), 4.19 (d,J = 5.86 Hz, 2H, CONHE,), 6.70 - 7.11 (m, 8H,
3,4,5,6-Ph, 3,4,5,6-Ph’), 8.39 (= 5.86 Hz, 1H, COMN), 9.59 (s, 1H, @), 10.65 (br.s., 1H, NY);
¥C NMR (75 MHz, DMSOds) & ppm 19.9, 32.5, 38.0, 47.3, 51.5, 55.6, 55.8,4,1215.5, 118.6,
119.2, 121.3, 123.9, 125.5, 128.3, 129.0, 139.8,218.55.4, 171.8; LC/MSn/zcalc. 384.23, found
384.26; MW 419.94; Anal. £H3,CIN3O; (C, H, N).

4.2.2.11. N-(2-methoxybenzyl)-4-(4-(2-methoxyphenyl)piperdzyt)butanamide
hydrochloride 17)
The title compound was obtained frehand (2-methoxyphenyl)methanamine as a white spiald
82 %:; mp 97-99 °CR; = 0.40 (A);*H NMR (300 MHz, DMSOds) & ppm 1.90 - 2.05 (m, 2H,
CH,CH,CHj), 2.23 - 2.32 (m, 2H, C}€H,CH,), 2.93 - 3.21 (m, 6H, (C}€H,),NH"*, CH,CH,CHj),
3.39 - 3.57 (m, 4H, N(8,CH,),NH"), 3.77 (s, 3H, €;0Ph), 3.78 (s, 2H, B;0Ph’"), 4.22 (d,) = 5.86
Hz, 2H, CONH®,), 6.79 - 7.07 (m, 6H, 3,4,5,6-Ph, 3,5-Ph’), 7.0828 (m, 2H, 4,6-Ph’), 8.33 d,=
5.86 Hz, 1H, COMI), 10.83 (br.s., 1H, N); *C NMR (75 MHz, DMSOds) 5 ppm 19.9, 32.6, 37.6,
47.2, 51.5, 55.6, 55.7, 55.8, 110.9, 112.3, 118X%).6, 121.3, 123.9, 127.1, 128.2, 128.5, 139.9,
152.2, 157.0, 171.5; LC/M$n/zcalc. 398.24, found 398.22; MW 433.97; Anajstz,CIN:O; (C, H,
N).
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4.2.2.12. N-(5-(tert-butyl)-2-hydroxyphenyl)-5-(4-(2-methokegpyl)piperazin-1-
yl)pentanamide hydrochloridd.§)
The title compound was obtained frdrand 2-amino-4tért-butyl)phenol as a white solid; yield 63
%; mp 86-88 °CR: = 0.49 (A);'"H NMR (300 MHz, DMSOdg) & ppm 1.20 (s, 9H, C(85)s), 1.54 -
1.69 (m, 2H, CHCH,CH,CH,), 1.69 - 1.85 (m, 2H, C}H,CH,CH,), 2.91 - 3.23 (m, 6H,
N(CH,CH,),NH*, CH,CH,CH,CH,), 3.47 - 3.59 (m, 4H, N(8,CH,),NH"), 3.77 (s, 3H, O85), 6.77
(d,J=8.21 Hz, 1H, 3-Ph’), 6.83 - 7.07 (m, 5H, 3,4,Bl6-4-Ph’), 7.69 (dJ = 2.34 Hz, 1H, 6-Ph’),
9.45 (s, 1H, CON), 9.57 (s, 1H, @), 10.55 (br.s., 1H, N*); *C NMR (75 MHz, DMSOds) § ppm
22.9, 23.1, 31.8, 34.2, 35.6, 47.3, 51.5, 55.68,5512.3, 116.3, 118.6, 119.9, 121.3, 122.0, 123.9,
126.1, 139.8, 141.6, 146.1, 152.2, 171.9; LC/MBz calc. 440.29, found 440.16; MW 476.05; Anal.
Ca6H3sCIN3Os (C, H, N).

4.2.2.13.N-(3-(tert-butyl)phenyl)-5-(4-(2-methoxyphenyl)pigmen-1-yl)pentanamide  hydrochloride
(19)

The title compound was obtained frddmand 3-{ert-butyl)aniline as a white solid; yield 78 %; mp
216-218 °C;R = 0.45 (A);"H NMR (300 MHz, DMSOds) & ppm 1.23 (s, 9H, C(85)), 1.55 - 1.67
(m, 2H, CHCH,CH,CH,), 1.69 - 1.84 (m, 2H, C{€H,CH,CH,), 2.36 (t,J = 7.33 Hz, 2H,
CH,CH,CH,CH,), 3.03 - 3.21 (m, 6H, N(8,CH,),NH*, CH,CH,CH,CH,), 3.38 - 3.57 (m, 4H,
N(CH,CHy),NH"), 3.77 (s, 3H, 0O83), 6.85 - 7.07 (m, 5H, 3,4,5,6-Ph, 4-Ph’), 7.18](t 7.91 Hz,
1H, 5-Ph’), 7.45 - 7.53 (m, 1H, 6-Ph’), 7.61 (m,,14Ph’), 10.04 (s, 1H, COMN), 10.95 (br.s., 1H,
NH"); *C NMR (75 MHz, DMSOdg) & ppm 22.7, 23.2, 31.6, 34.8, 36.1, 47.3, 51.4, 35668, 112.4,
116.5, 116.8, 118.7, 120.4, 121.3, 124.1, 128.9,513139.6, 151.6, 152.2, 171.1; LC/M8I/zcalc.
424.30, found 424.34; MW 460.05; Anahe¢B35CINO, (C, H, N).

4.2.2.14. N-(3-isopropylphenyl)-5-(4-(2-methoxyphenyl)pipanak-yl)pentanamide
hydrochloride 20)
The title compound was obtained fréhand 3-isopropylaniline as a white solid; yield%4 mp 227-
229 °C;R; = 0.47 (A);'H NMR (300 MHz, DMSOds)  ppm 1.16 (d,) = 7.03 Hz, 6H, CH(E5),),
1.53 - 1.68 (m, 2H, C¥H,CH,CH,), 1.69 - 1.84 (m, 2H, C¥H,CH,CH,), 2.36 (t,J = 7.03 Hz, 2H,
CH,CH,CH,CH,), 2.80 (m, 1H, €(CHs),), 2.98 - 3.18 (m, 6H, N(8,CH,),NH", CH,CH,CH,CHy),
3.39 - 3.58 (m, 4H, N(C}KCH,),NH"), 3.77 (s, 3H, O83), 6.79 - 7.04 (m, 5H, 3,4,5,6-Ph, 4-Ph’),
7.17 (t,J = 7.62 Hz, 1H, 5-Ph’), 7.37 - 7.52 (m, 2H, 2,6-)P10.00 (s, 1H, CON), 10.69 (br.s., 1H,
NH"); *C NMR (75 MHz, DMSOsdg) & ppm 22.8, 23.1, 24.3, 33.9, 36.1, 47.2, 51.5, 55668, 112.3,
117.1, 117.4, 118.6, 121.3, 121.5, 123.9, 128.9,83139.9, 149.3, 152.2, 171.1; LC/M8/z calc.
410.28, found 410.32; MW 446.03; AnahsB3:CIN;O, (C, H, N).
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4.2.2.15. N-(4-(tert-butyl)phenyl)-5-(4-(2-methoxyphenyl)pgmn-1-yl)pentanamide
hydrochloride 21)
The title compound was obtained frdsmand 4-{ert-butyl)aniline as a white solid; yield 62 %; mp
222-224 °CR = 0.45 (A);'H NMR (300 MHz, DMSOds) & ppm 1.23 (s, 9H, C(85)s), 1.53 - 1.84
(m, 4H, CHCH,CH,CH,), 2.35 (t,J = 6.74 Hz, 2H, CHCH,CH,CH,), 2.94 - 3.22 (m, 6H,
N(CH,CH,),NH*, CH,CH,CH,CH,), 3.46 (t,J = 14.07 Hz, 4H, N(CkCH,),NH"), 3.77 (s, 3H, 08,),
6.83 - 7.05 (m, 4H, 3,4,5,6-Ph), 7.28 J& 8.21 Hz, 2H, 3,5-Ph’), 7.51 (d,= 8.79 Hz, 2H, 2,6-Ph’),
9.97 (s, 1H, COMN), 10.65 (br.s., 1H, N); *C NMR (75 MHz, DMSOd,) & ppm 22.8, 23.1, 31.7,
34.4,36.0,47.2,51.5, 55.6, 55.8, 112.3, 11816,3 121.3, 123.9, 125.6, 137.2, 139.8, 145.7,2152
171.0; LC/MS:m/zcalc. 424.30, found 424.21; MW 460.05; Anadet3sCIN3O, (C, H, N).

4.2.2.16. N-(4-isopropylphenyl)-5-(4-(2-methoxyphenyl)pipémak-yl)pentanamide
hydrochloride 22)
The title compound was obtained fréand 4-isopropylaniline as a white solid; yield%4 mp 204-
206 °C;R; = 0.45 (A);"H NMR (300 MHz, DMSOds) & ppm 1.15 (d,) = 6.45 Hz, 6H, CH(E5),),
1.53 - 1.84 (m, 4H, C}¥H,CH,CH,), 2.35 (t,J = 7.03 Hz, 2H, CKHCH,CH,CH,), 2.80 (m, 1H,
CH(CHy),), 2.94 - 3.20 (m, 6H, N(8,CH,),NH", CH,CH,CH,CH,), 3.48 (t,J = 11.00 Hz, 4H,
N(CH,CHy),NH"), 3.77 (s, 3H, O8), 6.83 - 7.05 (m, 4H, 3,4,5,6-Ph), 7.13 Jd; 8.20 Hz, 2H, 3,5-
Ph’), 7.50 (dJ = 8.20 Hz, 2H, 2,6-Ph’), 9.98 (s, 1H, CEIN 10.70 (br.s., 1H, N*); *C NMR (75
MHz, DMSO-ds) 6 ppm 22.8, 23.1, 24.4, 33.3, 36.0, 47.2, 51.4, 5566, 112.3, 118.6, 119.6, 121.3,
123.9, 126.7, 137.6, 139.8, 143.4, 152.2, 170.9MS m/zcalc. 410.28, found 410.25; MW 446.03;
Anal. GsH3sCIN3O, (C, H, N).

4.2.2.17. N-(4-(sec-butyl)phenyl)-5-(4-(2-methoxyphenyl) pgzen-1-yl)pentanamide
hydrochloride 23)
The title compound was obtained frdnand 4-6ecbutyl)aniline as a white solid; yield 67 %; mp
198-200 °C;R; = 0.47 (A); '"H NMR (300 MHz, DMSOds) & ppm 0.73 (t,J = 7.33 Hz, 3H,
CH(CH;)CH,CH3), 1.13 (d, J = 7.03 Hz, 3H, CH(E3)CH,CHs), 1.42 - 155 (m, 2H,
CH(CH;)CH,CH), 1.56 - 1.68 (m, 2H, C}€H,CH,CH,), 1.69 - 1.84 (m, 2H, C}H,CH,CH,), 2.35
(t, J = 7.03 Hz, 2H, CHCH,CH,CH,), 2.94 - 3.21 (m, 7H, N(C{€H,),NH"*, CH,CH,CH,CH;,
CH(CH3)CH,CHg), 3.38 - 3.56 (m, 4H, N(B,CH,),NH"), 3.77 (s, 3H, Of5), 6.83 - 7.04 (m, 4H,
3,4,5,6-Ph), 7.08 (d) = 8.80 Hz, 2H, 3,5-Ph’), 7.51 (d, = 8.20 Hz, 2H, 2,6-Ph’), 9.97 (s, 1H,
CONH), 10.69 (br.s., 1H, N); **C NMR (75 MHz, DMSOd,) & ppm 12.5, 22.3, 22.9, 23.1, 31.1,
36.1, 40.8, 47.2, 51.5, 55.6, 55.8, 112.3, 11816,4, 121.3, 123.8, 127.3, 137.6, 139.9, 142.1,2152
170.9; LC/MS:m/zcalc. 424.30, found 424.27; MW 460.05; AnadghzsCIN;O, (C, H, N).
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4.2.2.18. Tert-butyl 4-(5-(4-(2-methoxyphenyl)piperazin-1pgiitanamido)benzoate
hydrochloride 24)
The title compound was obtained frédnandtert-butyl 4-aminobenzoate as a white solid; yield 57 %
mp 242-244 °CR; = 0.47 (A);'H NMR (300 MHz, DMSOd;) 5 ppm 1.50 (s, 9H, C(@y)s), 1.55 -
1.68 (m, 2H, CHCH,CH,CH,), 1.68 - 1.79 (m, 2H, C}{£H,CH,CH,), 2.42 (t,J = 6.74 Hz, 2H,
CH,CH,CH,CHy), 2.93 - 3.37 (m, 10H, N(€,CH,),NH", CH,CH,CH,CH,), 3.76 (s, 3H, O8,), 6.84
-7.02 (m, 4H, 3,4,5,6-Ph), 7.73 @5 9.40 Hz, 2H, 3,5-Ph’), 7.82 (d~= 8.80 Hz, 2H, 2,6-Ph’), 10.44
(s, 1H, COMH), 10.80 (br.s., 1H, N); **C NMR (75 MHz, DMSOsd;) § ppm 22.6, 23.3, 28.3, 36.2,
47.5, 51.7, 55.8, 80.6, 110.0, 112.3, 118.6, 11824,3, 123.8, 125.9, 130.4, 140.0, 143.8, 152.2,
165.1, 171.9; LC/MSm/zcalc. 468.34, found 468.29; MW 504.06; Anad;HGsCIN3O, (C, H, N).

4.2.2.19. N-(2-hydroxyphenyl)-5-(4-(2-methoxyphenyl)piperakzipl) pentanamide
hydrochloride 25)
The title compound was obtained franand 2-aminophenol as a white solid; yield 52 %;2hf-220
°C; Ry = 0.43 (A);"H NMR (300 MHz, DMSOds) & ppm 1.57 - 1.70 (m, 2H, GBH,CH,CH,), 1.70 -
1.79 (m, 2H, CHCH,CH,CH,), 2.43 (t,J = 6.50 Hz, 2H, CKLCH,CH,CH,), 2.96 - 3.18 (m, 6H,
N(CH,CHy),NH", CH,CH,CH,CHj), 3.46 (t,J= 12.30 Hz, 4H, N(6,CH,),NH"), 3.77 (s, 3H, 08,),
6.67 - 6.80 (m, 1H, 3-Ph’), 6.84 - 7.04 (m, 6H,,3,8-Ph, 4,5-Ph’), 7.71 (d,= 7.03 Hz, 1H, 6-Ph’),
9.34 (s, 1H, CON), 9.79 (s, 1H, ®), 10.50 (br.s., 1H, N*); *C NMR (75 MHz, DMSO¢,) & ppm
22.9, 23.1, 35.6, 47.2, 51.5, 55.6, 55.8, 112.8,4,1118.6, 119.3, 121.3, 122.9, 123.9, 125.1,8,26.
139.9, 148.4, 152.2, 171.7; LC/M®/zcalc. 384.23, found 384.13; MW 419.94; AnajH3,CIN;O3
(C, H, N).

4.2.2.20. 2-(5-(4-(2-Methoxyphenyl)piperazin-1-yl)pentanamimnzamide hydrochlorid2)

The title compound was obtained fr&hand 2-aminobenzamide as a white solid; yield 58rf$;199-
201 °C;R; = 0.48 (A);'H NMR (300 MHz, DMSOsdg) & ppm 1.54 - 1.70 (m, 2H, GBH,CH,CH),),
1.70 - 1.91 (m, 2H, C}¥H,CH,CH,), 2.41 (t,J = 7.03 Hz, 2H, CKCH,CH,CH,), 2.93 - 3.09 (m, 6H,
N(CH,CH,),NH*, CH,CH,CH,CH,), 3.37 - 3.61 (m, 4H, N(C}€H,),NH"), 3.77 (s, 3H, O85), 6.81

- 7.05 (m, 4H, 3,4,5,6-Ph), 7.10 Jt= 7.60 Hz, 1H, 5-Ph’), 7.47 (3,= 7.00 Hz, 1H, 4-Ph’), 7.79 (dd,
J=7.91, 1.47 Hz, 1H, 3-Ph’), 8.28 (br.s., 2H, COINK8.44 (d,J = 7.60 Hz, 1H, 6-Ph’), 10.61 (br.s.,
1H, CONH), 11.67 (s, 1H, N*); *C NMR (75 MHz, DMSO#d,) § ppm 22.5, 23.0, 37.1, 47.2, 51.5,
55.6, 55.8, 112.3, 118.6, 120.3, 120.7, 121.3,8,223.9, 129.1, 132.6, 139.9, 140.0, 152.2, 170.9,
171.2; LC/MS:m/zcalc. 411.24, found 411.38; MW 446.97; AnadsH:;,CIN,Os (C, H, N).

4.2.2.21. N-(2-hydroxybenzyl)-5-(4-(2-methoxyphenyl)piperdzyl) pentanamide
hydrochloride 27)
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The title compound was obtained fré@and 2-(aminomethyl)phenol as a white solid; yig®d%; mp
207-209 °C;R: = 0.39 (A); '"H NMR (300 MHz, DMSOds) & ppm 1.52 - 1.63 (m, 2H,
CH,CH,CH,CH,), 1.63 - 1.74 (m, 2H, C}¥H,CH,CH,), 2.20 (t,J = 7.03 Hz, 2H, CKHCH,CH,CH,),
2.98 - 3.14 (m, 6H, N(C¥CH,),NH"*, CH,CH,CH,CH,), 3.45 (t,J = 7.60 Hz, 4H, N(EI,CH,),NH"),
3.77 (s, 3H, O@3), 4.18 (d,J = 5.27 Hz, 2H, CONHH,), 6.70 - 7.11 (m, 8H, 3,4,5,6-Ph, 3,4,5,6-
Ph’), 8.34 (tJ = 5.86 Hz, 1H, CON), 9.61 (s, 1H, ®), 10.61 (br.s., 1H, N*); *C NMR (75 MHz,
DMSO-g) 8 ppm 22.9, 23.1, 34.9, 37.9, 47.3, 51.5, 55.6, ,5512.3, 115.6, 118.6, 119.2, 121.3,
123.9, 125.7, 128.3, 129.1, 139.8, 152.2, 155.2,6,1.C/MS: m/z calc. 398.24, found 398.29; MW
433.97; Anal. GH3,CIN;Os (C, H, N).

4.2.2.22. N-(2-methoxybenzyl)-5-(4-(2-methoxyphenyl)piperdzit)pentanamide
hydrochloride 28)
The title compound was obtained frddrand (2-methoxyphenyl)methanamine as a white sgial
57 %; mp 213-215 °CR; = 0.43 (A);'"H NMR (300 MHz, DMSOed;) & ppm 1.43 - 1.62 (m, 2H,
CH,CH,CH,CH,), 1.62 - 1.79 (m, 2H, C}{€H,CH,CH,), 2.20 (t,J = 7.03 Hz, 2H, CKHCH,CH,CH,),
2.90 - 3.19 (m, 6H, N(C}CH,),NH", CH,CH,CH,CHj), 3.36 - 3.57 (m, 4H, N(8,CH,),NH"), 3.77
(s, 3H, GH;0Ph), 3.78 (s, 3H, B;0OPh’), 4.21 (dJ = 5.86 Hz, 2H, CONH#,), 6.80 - 7.05 (m, 6H,
3,4,5,6-Ph, 3,5-Ph’), 7.10 - 7.27 (m, 2H, 4,6-PB'R2 (t,J = 5.57 Hz, 1H, CON), 10.69 (br.s., 1H,
NH*); *C NMR (75 MHz, DMSOds) § ppm 23.0, 23.2, 35.0, 37.4, 47.3, 51.5, 55.7, %78, 110.9,
112.3, 118.6, 120.6, 121.3, 123.9, 127.3, 128.8,412139.9, 152.2, 157.0, 172.2; LC/M8I/zcalc.
412.26, found 412.24; MW 448.00; Anah83,CIN3O; (C, H, N).

4.2.2.23. N-(4-(tert-butyl)benzyl)-5-(4-(2-methoxyphenyl)pgeen-1-yl)pentanamide
hydrochloride 29)
The title compound was obtained frasnand (4-ert-butyl)phenyl)methanamine as a white solid;
yield 78 %; mp 119-121 °CR = 0.49 (A);'H NMR (300 MHz, DMSOds) & ppm 1.24 (s, 9H,
C(CHg)3), 1.56 (dJ = 7.03 Hz, 2H, CKCH,CH,CH;), 1.61 - 1.83 (m, 2H, C}{€H,CH,CH,), 2.18 (t,J
= 7.03 Hz, 2H, CHCH,CH,CH,), 3.00 - 3.16 (m, 6H, N(C}H,),NH*, CH,CH,CH,CH,), 3.39 - 3.57
(m, 4H, N(CHCH,),NH"), 3.77 (s, 3H, O83), 4.20 (d,J = 5.86 Hz, 2H, CONHE@,), 6.84 - 7.05 (m,
4H, 3,4,5,6-Ph), 7.13 - 7.19 (@~ 8.21 Hz, 2H, 3,5-Ph’), 7.28 - 7.35 (m, 2H, 2}6)P8.36 (s, 1H,
CONH), 10.64 (br.s., 1H, N); **C NMR (75 MHz, DMSOd,) & ppm 23.0, 23.1, 31.6, 34.6, 35.0,
42.2, 47.2, 51.4, 55.6, 55.8, 112.3, 118.6, 12123.9, 125.4, 127.5, 137.1, 139.9, 149.5, 152.2,
172.0; LC/MS:m/zcalc. 438.31, found 438.23; MW 474.08; Anad;H,CIN;O, (C, H, N).

4.2.2.24. N-(5-(tert-butyl)-2-hydroxyphenyl)-6-(4-(2-methokegpyl)piperazin-1-yl)hexanamide
hydrochloride 80)
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The title compound was obtained fr@rand 2-amino-4tért-butyl)phenol as a white solid; yield 73
%; mp 63-65 °CR; = 0.48 (A);'"H NMR (300 MHz, DMSOdg) 5 ppm 1.20 (s, 9H, C(85)s), 1.26 -
1.42 (m, 2H, CHCH,CH,CH,CH,), 1.52 - 1.92 (m, 4H, C}¥£H,CH,CH,CH,), 2.42 (t,J = 7.03 Hz,
2H, CH,CH,CH,CH,CHy), 2.88 - 3.24 (m, 6H, N(C}¥H,),NH"*, CH,CH,CH,CH,CH,), 3.36 - 3.51
(m, 4H, N(H,CH,),NH"), 3.77 (s, 3H, O8,), 6.77 (d,J = 8.21 Hz, 1H, 3-Ph’), 6.82 - 7.11 (m, 5H,
3,4,5,6-Ph, 4-Ph’), 7.67 (d,= 2.34 Hz, 1H, 6-Ph’), 9.46 (s, 1H, CGI\ 9.59 (br.s., 1H, 8), 10.72
(br.s., 1H, NH"); *C NMR (75 MHz, DMSOdg) 5 ppm 23.2, 25.2, 26.1, 31.8, 34.2, 35.9, 47.3,,51.4
55.7, 55.8, 112.3, 116.4, 118.6, 119.8, 121.3,0,2124.0, 126.2, 139.7, 141.7, 146.1, 152.2, 172.4;
LC/MS: m/zcalc. 453.62, found 454.31; MW 490.08; Anaj;HCIN3O; (C, H, N).

4.2.2.25. N-(3-(tert-butyl)phenyl)-6-(4-(2-methoxyphenyl) pgmgn-1-yl) hexanamide
hydrochloride 81)
The title compound was obtained fra@drand 3-{ert-butyl)aniline as a white solid; yield 73 %; mp
143-145 °C;R = 0.46 (A);"H NMR (300 MHz, DMSOsdg) & ppm 1.23 (s, 9H, C(&,)s), 1.28 - 1.38
(m, 2H, CHCH,CH,CH,CH,), 1.58 - 1.78 (m, 4H, C}¥H,CH,CH,CH,), 2.32 (t,J = 7.33 Hz, 2H,
CH,CH,CH,CH,CH,), 2.99 - 3.18 (m, 6H, N(C}H,),NH", CH,CH,CH,CH,CH,), 3.40 - 3.58 (m,
4H, N(CH,CH,),NH"), 3.77 (s, 3H, O85), 6.84 - 7.07 (m, 5H, 3,4,5,6-Ph, 4-Ph’), 7.18]( 7.91
Hz, 1H, 5-Ph’), 7.48 (d] = 8.79 Hz, 1H, 6-Ph’), 7.59 (s, 1H, 2-Ph’), 9.931kl, CONH), 10.62 (br.s.,
1H, NHY); *C NMR (75 MHz, DMSOss) & ppm 23.2, 25.1, 26.2, 31.6, 34.8, 36.5, 47.2, 58557,
55.8, 112.3, 116.4, 116.7, 118.6, 120.3, 121.3,92828.7, 139.6, 139.9, 151.5, 152.2, 171.5;
LC/MS: m/zcalc. 438.31, found 438.30; MW 474.08; Anaj;H,CIN;O, (C, H, N).

4.2.2.26. N-(3-isopropylphenyl)-6-(4-(2-methoxyphenyl)pip@nak-yl)hexanamide
hydrochloride 82)
The title compound was obtained fréhand 3-isopropylaniline as a white solid; yield%2 mp 166-
168 °C;R; = 0.48 (A);"H NMR (300 MHz, DMSOds) & ppm 1.16 (d,J = 6.45 Hz, 6H, CH(El5),),
1.24 - 1.38 (m, 2H, C}¥H,CH,CH,CH,), 1.54 - 1.82 (m, 4H, C}€£H,CH,CH,CH,), 2.32 (t,J = 7.33
Hz, 2H, CHCH,CH,CH,CH,), 2.71 - 2.85 (m, 1H, B(CHj),), 2.92 - 3.20 (m, 6H, N(C}H,),NH",
CH,CH,CH,CH,CH;), 3.38 - 3.57 (m, 4H, N(8,CH,),NH"), 3.77 (s, 3H, 0O85), 6.83 - 7.05 (m, 5H,
3,4,5,6-Ph, 4-Ph"), 7.17 (8,= 7.91 Hz, 1H, 5-Ph’), 7.41 (d,= 8.21 Hz, 1H, 6-Ph’), 7.48 (s, 1H, 2-
Ph’), 9.92 (s, 1H, CON), 10.62 (br.s., 1H, N*): *C NMR (75 MHz, DMSOds) & ppm 23.2, 24.3,
25.1, 26.1, 33.9, 36.5, 47.2, 51.4, 55.7, 55.8,31P17.1, 117.4, 118.6, 121.3, 121.4, 123.9, 128.9
139.8, 139.9, 149.2, 152.2, 171.5; LC/M@&iz calc. 424.30, found 424.21; MW 460.05; Anal.
Ca6H3sCIN3O; (C, H, N).

4.2.2.27. N-(4-(tert-butyl)phenyl)-6-(4-(2-methoxyphenyl) pggn-1-yl)hexanamide
hydrochloride 83)
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The title compound was obtained fra@drand 4-{ert-butyl)aniline as a white solid; yield 65 %; mp
109-111 °C;R; = 0.46 (A);'"H NMR (300 MHz, DMSOdg) 5 ppm 1.23 (s, 9H, C(8y)3), 1.27 - 1.39
(m, 2H, CHCH,CH,CH,CH,), 1.54 - 1.82 (m, 4H, C}€H,CH,CH,CH,), 2.31 (t,J = 7.03 Hz, 2H,
CH,CH,CH,CH,CH,), 2.97 - 3.15 (m, 6H, N(8,CH,),NH", CH,CH,CH,CH,CH,), 3.45 - 3.56 (m,
4H, N(CH,CH,),NH"), 3.77 (s, 3H, 085), 6.85 - 7.07 (m, 4H, 3,4,5,6-Ph), 7.27 Jd; 8.79 Hz, 2H,
3,5-Ph’), 7.50 (d)J) = 8.21 Hz, 2H, 2,6-Ph’), 9.91 (s, 1H, CEIN 10.69 (br.s., 1H, N*); **C NMR
(75 MHz, DMSO¢d;) & ppm 25.6, 26.2, 26.9, 31.6, 34.4, 36.7, 50.2, 58537, 58.0, 112.3, 118.3,
119.3, 121.2, 122.9, 125.6, 137.2, 141.5, 145.8,418.71.4; LC/MSm/zcalc. 438.31, found 438.36;
MW 474.08; Anal. G/H4oCIN3O; (C, H, N).

4.2.2.28. N-(4-isopropylphenyl)-6-(4-(2-methoxyphenyl) pipémak-yl)hexanamide
hydrochloride 84)
The title compound was obtained fr@vand 4-isopropylaniline as a white solid; yield %3 mp 80-
82 °C;R; = 0.46 (A);"H NMR (300 MHz, DMSOdg) & ppm 1.14 (dJ) = 6.45 Hz, 6H, CH(E5),),
1.23 - 1.44 (m, 2H, C¥H,CH,CH,CH,), 1.52 - 1.84 (m, 4H, C}&€H,CH,CH,CH,), 2.31 (t,J= 7.03
Hz, 2H, CHCH,CH,CH,CH,), 2.64 - 2.90 (m, 1H, B(CHy),), 2.90 - 3.22 (m, 6H, N(8,CH,),NH",
CH,CH,CH,CH,CH,), 3.37 - 3.59 (m, 4H, N(C}€H,),NH"), 3.77 (s, 3H, 085), 6.80 - 7.05 (m, 4H,
3,4,5,6-Ph), 7.12 (dJ = 8.20 Hz, 2H, 3,5-Ph’), 7.50 (d, = 8.20 Hz, 2H, 2,6-Ph’), 9.91 (s, 1H,
CONH), 10.69 (br.s., 1H, N); **C NMR (75 MHz, DMSOd,) & ppm 23.2, 24.4, 25.1, 26.1, 33.3,
36.4, 47.3, 51.5, 55.7, 55.8, 112.3, 118.6, 119A4,.3, 123.8, 126.7, 137.6, 139.9, 143.4, 152.2,
171.3; LC/MS:m/zcalc. 424.30, found 424.27; MW 460.05; AnajetzsCIN;O, (C, H, N).

4.2.2.29. N-(4-(sec-butyl)phenyl)-6-(4-(2-methoxyphenyl)pgzém-1-yl)hexanamide
hydrochloride 85)
The title compound was obtained fréhand 4-§ecbutyl)aniline as a white solid; yield 69 %; mp 74-
76 °C; R = 0.48 (A); '"H NMR (300 MHz, DMSOds;) & ppm 0.72 (t,J = 7.33 Hz, 3H,
CH(CH;)CH,CH3), 1.13 (d, J 7.03 Hz, 3H, CH(B3CH,CH;), 1.26 - 1.38 (m, 2H,
CH(CH;)CH,CH;), 143 - 154 (m, 2H, CHH,CH,CH,CH,, 156 - 165 (m, 2H,
CH,CH,CH,CH,CH,), 1.67 - 1.82 (m, 2H, C}H,CH,CH,CH,), 2.31 (t,J = 7.33 Hz, 2H,
CH,CH,CH,CH,CH,;), 2.80 - 3.20 (m, 7H, N(C¥H,),NH', CH,CH,CH,CH,CHj,
CH(CH3)CH,CHg), 3.37 - 3.60 (m, 4H, N(B,CH,),NH"), 3.77 (s, 3H, Of5), 6.87 - 7.02 (m, 4H,
3,4,5,6-Ph), 7.08 (d) = 8.79 Hz, 2H, 3,5-Ph’), 7.49 (d, = 8.79 Hz, 2H, 2,6-Ph’), 9.89 (s, 1H,
CONH), 10.54 (br.s., 1H, N*); **C NMR (75 MHz, DMSOd,) & ppm 12.5, 22.3, 23.2, 25.1, 26.1,
31.1, 36.4, 40.8, 47.3, 51.5, 55.7, 55.8, 112.8,6,1119.6, 121.3, 123.9, 127.3, 137.6, 139.9,1142.
152.2, 171.3; LC/MSm/zcalc. 438.31, found 438.30; MW 474.08; AnajH,CIN3O, (C, H, N).
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4.2.2.30. Tert-butyl 4-(6-(4-(2-methoxyphenyl)piperazin-laglyanamido)benzoate
hydrochloride 86)
The title compound was obtained fr&andtert-butyl 4-aminobenzoate as a white solid; yield 61 %
mp 169-171 °C;R = 0.50 (A);'H NMR (300 MHz, DMSOds) & ppm 1.25 - 1.43 (m, 2H,
CH,CH,CH,CH,CH,), 1.51 (s, 9H, C(85)3), 1.59 - 1.78 (m, 4H, C}€£H,CH,CH,CH,), 2.38 (t,J =
7.33 Hz, 2H, CHCH,CH,CH,CH,), 3.00 - 3.14 (m, 6H, N(C}H,),NH*, CH,CH,CH,CH,CH,), 3.44
- 3.55 (m, 4H, N(®,CH,),NH"), 3.77 (s, 3H, 08j), 6.78 - 7.07 (m, 4H, 3,4,5,6-Ph), 7.72 {d;
9.40 Hz, 2H, 3,5-Ph’), 7.82 (d,= 8.80 Hz, 2H, 2,6-Ph’), 10.39 (s, 1H, Ca&N 10.70 (br.s., 1H,
NH*); *C NMR (75 MHz, DMSOsdg) § ppm 23.2, 24.9, 26.1, 28.3, 36.5, 47.3, 51.5, 5578, 80.6,
112.3, 118.6, 121.3, 123.9, 125.8, 130.5, 139.8,914152.2, 165.1, 172.2; LC/M8&/zcalc. 482.30,
found 482.23; MW 518.09; Anal..gH4CIN3;O,4 (C, H, N).

4.2.2.31. N-(2-hydroxyphenyl)-6-(4-(2-methoxyphenyl)piperatziyl) hexanamide

hydrochloride 87)
The title compound was obtained fr@hand 2-aminophenol as a white solid; yield 49 %;28p-231
°C; R = 0.42 (A);'"H NMR (300 MHz, DMSOds) & ppm 1.21 - 1.43 (m, 2H, GBH,CH,CH,CH),),
1.53-1.70 (m, 2H, CH,CH,CH,CH,), 1.70 - 1.87 (m, 2H, C}&€H,CH,CH,CH,), 2.41 (t,J=7.33
Hz, 2H, CHCH,CH,CH,CH,), 2.98 - 3.21 (m, 6H, N(C}€H,),NH", CH,CH,CH,CH,CH,), 3.38 -
3.64 (m, 4H, N(GI,CH,),NH"), 3.77 (s, 3H, 0O83), 6.67 - 6.80 (m, 1H, 3-Ph’), 6.81 - 7.06 (m, 6H,
3,4,5,6-Ph, 4,5-Ph"), 7.69 (d,= 7.62 Hz, 1H, 6-Ph’), 9.32 (s, 1H, C®I\ 9.80 (s, 1H, @), 10.58
(br.s., 1H, NH"); *C NMR (75 MHz, DMSOds) & ppm 23.3, 25.2, 26.1, 36.0, 47.4, 51.5, 55.8,312.
116.5, 118.6, 119.3, 121.3, 122.8, 123.8, 125.6,8,2139.9, 148.3, 152.2, 172.1; LC/M8I/zcalc.
397.51, found 398.29; MW 433.97; Anahs83,CIN;O; (C, H, N).

4.2.2.32. N-(2-hydroxybenzyl)-6-(4-(2-methoxyphenyl)piperdziyl)hexanamide

hydrochloride 88)
The title compound was obtained fréand 2-(aminomethyl)phenol as a white solid; y@dd%; mp
180-182 °C;R; = 0.40 (A); '"H NMR (300 MHz, DMSOds) & ppm 1.19 - 1.38 (m, 2H,
CH,CH,CH,CH,CH,), 1.55 (quin,J = 7.47 Hz, 2H, CHCH,CH,CH,CH,), 1.61 - 1.84 (m, 2H,
CH,CH,CH,CH,CH,), 2.17 (t,J = 7.33 Hz, 2H, CKCH,CH,CH,CH,), 2.90 - 3.22 (m, 6H,
N(CH,CH,),NH*, CH,CH,CH,CH,CH,), 3.47 (t,J = 11.72 Hz, 4H, N(B,CH,),NH"), 3.77 (s, 3H,
OCHy), 4.17 (dJ = 5.86 Hz, 2H, CONH#,), 6.69 - 7.10 (m, 8H, 3,4,5,6-Ph, 3,4,5,6-Ph’28(t,J =
5.86 Hz, 1H, COMl), 9.60 (s, 1H, ®), 10.59 (br.s., 1H, N); **C NMR (75 MHz, DMSOds) 5 ppm
23.2, 25.2, 26.1, 35.3, 37.9, 47.3, 51.5, 55.78,55612.3, 115.6, 118.6, 119.2, 121.3, 123.9, 125.7,
128.3, 129.0, 139.9, 152.2, 155.4, 173.0; LC/MtBz calc. 412.26, found 412.18; MW 448.00; Anal.
C4H34CIN3Os (C, H, N).
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4.2.2.33. N-(2-methoxybenzyl)-6-(4-(2-methoxyphenyl)piperdzyt)hexanamide
hydrochloride 89)
The title compound was obtained fr@vand (2-methoxyphenyl)methanamine as a white spiald
68 %; mp 200-202 °CR; = 0.46 (A);'H NMR (300 MHz, DMSOds) & ppm 1.18 - 1.40 (m, 2H,
CH,CH,CH,CH,CH,), 1.44 - 1.64 (m, 2H, C¥H,CH,CH,CH,), 1.64 - 1.87 (m, 2H,
CH,CH,CH,CH,CH,), 2.17 (t,J = 7.33 Hz, 2H, CKLCH,CH,CH,CH,), 3.06 (t,J = 7.91 Hz, 6H,
N(CH,CH,),NH*, CH,CH,CH,CH,CH,), 3.36 - 3.59 (m, 4H, N(8,CH,),NH"), 3.77 (s, 3H,
CH3;0Ph), 3.78 (s, 3H, I8;0Ph’), 4.20 (dJ = 5.86 Hz, 2H, CONH#,), 6.81 - 7.06 (m, 6H, 3,4,5,6-
Ph, 3,5-Ph’), 7.09 - 7.26 (m, 2H, 4,6-Ph’), 8.17)(t 5.57 Hz, 1H, COM), 10.72 (br.s., 1H, N%);
*C NMR (75 MHz, DMSOd,) 5 ppm 23.2, 25.2, 26.2, 31.2, 35.4, 37.4, 47.3, 58547, 55.8, 110.8,
112.3, 118.6, 120.5, 121.3, 123.9, 127.4, 128.8,4120139.9, 152.2, 157.0, 172.4; LC/M8/z calc.
426.28, found 426.20; MW 462.02; AnahsB35:CIN;Os (C, H, N).

4.3.In vitro pharmacology
4.3.1. Radioligand binding assays

HEK293 cells with stable expression of human 5:Hadr 5-HT,, receptors (prepared with the use
of Lipofectamine 2000) were maintained at 37 °Caimumidified atmosphere with 5 % g@nd
grown in Dulbecco’s Modifier Eagle Medium contaigia0 % dialyzed fetal bovine serum and 500
ng/mL G418 sulfate. For membrane preparation, eediee subcultured in 150 éndiameter dishes,
grown to 90 % confluence, washed twice with prevetrto 37 °C phosphate buffered saline (PBS)
and pelleted by centrifugation (200 g) in PBS comtg 0.1 mM EDTA and 1 mM dithiothreitol.
Prior to membrane preparation, pellets were statedB0 °C.

Cell pellets were thawed and homogenized in 10naekiof assay buffer using an Ultra Turrax
tissue homogenizer and centrifuged twice at 35@@8 15 minutes at 4 °C, with incubation for 15
minutes at 37 °C in between. The composition ofabeay buffers were as follows: 50 mM Tris-HCI,
0.1 mM EDTA, 4 mM MgC}, 10 uM pargyline, and 0.1 % ascorbate (for theTasHeceptor); 50
mM Tris-HCI, 4 mM MgC}, 10 uM pargyline, and 0.1 % ascorbate (for thelsgeceptor).

All assays were incubated in a total volume of RQ0in 96-well microtiter plates for 1 hour at
room temperature for the 5-HJ receptor or at 37 °C for the 5-HTreceptor. The process of
equilibration was terminated by a rapid filtratitrmough Unifilter plates with a 96-well cell hartes
and radioactivity retained on the filters was qifeett on a Microbeta plate reader (PerkinElmer,
USA).

For displacement studies, the assay samples cedtais radioligands (PerkinElmer, USA): 2.5
nM [®H]-8-OH-DPAT (135.2 Ci/ mmol) or 0.8 nM*H]-5-CT (39.2 Ci/mmol) for 5-HT, or 5-HT;
receptor, respectively. Nonspecific binding wadrdaf with 10 uM of serotonin in 5-HI and 5-HT,

receptor binding experiments. Each compound waedés triplicate at 7 to 8 concentrations 30
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10* M). K; values were calculated from the Cheng-Prusoff ggug54]. For all binding assays,

results were expressed as means of at least tvaoase@xperiments (SP21 %).

4.3.2. Functional cell-based assays

The tested and reference compounds were dissalvB§SO at a concentration of 1 mM. Serial
dilutions were prepared in 96-well microplate insas buffer and 8 to 10 concentrations were
investigated in duplicate.

For the 5-HTA receptor ligands, a cellular aequorin-based funeli@ssay was performed with
recombinant CHO-K1 cells expressing mitochondritdisgeted aequorin, the human 5 & Teceptor,
and the promiscuous G proteig for 5-HT; receptor (PerkinElmer, USA). The assay was cawoigd
according to the previously described protocol [4&fter thawing, cells were transferred to assay
buffer (DMEM/HAM’s F12 with 0.1 % protease-free BSAand centrifuged. The cell pellet was
resuspended in assay buffer and coelenterazinestad@ed at final concentrations ofi8l. The cell
suspension was incubated at 16 °C, protected figimh With constant agitation for 16 hours and then
diluted with assay buffer to a concentration of 000 cells/mL. After 1 hour of incubation, pQ of
the cell suspension was dispensed using automajéctors built into the radiometric and
luminescence plate counter MicroBeta2 LUMIJET (Ié&dkner, USA) into white opaque 96-well
microplates preloaded with tested compounds. Thmeddiate light emission generated following
calcium mobilization was recorded for 30 secondstHe antagonist mode, after 25 minutes of
incubation, the reference agonist was added t@lioze assay mix and light emission was recorded
again. The final concentration of the referencenegjavas equal to E& (300 nM serotonin).

For the 5-HT receptor ligands, adenylyl cyclase activity was itwad using cryopreserved
CHO-K1 cells with expression of the human 5/H&ceptor. CHO-K1 cells were transfected with a
beta lactamase reporter gene under control of AMPcresponse element (Thermo Fisher Scientific,
USA). Thawed cells were resuspended in stimulaioifier (HBSS, 5 mM HEPES, 0.5 mM IBMX,
and 0.1 % BSA at pH 7.4) at concentration of 200 6@lIs/mL. 10uL of cell suspension was added
to 10puL of tested compounds loaded onto a white opaglietea 96-well microplate. The antagonist
response experiment was performed with 10 nM seiotas the reference agonist. The agonist and
antagonist were added simultaneously. Cell stirardatwas performed for 1 hour at room
temperature. After incubation, cAMP measurementseweerformed with homogeneous TR-FRET
immunoassay using the LANCE Ultra cAMP kit (PerKim&r, USA). 10uL of EucAMP Tracer
Working Solution and 1QL of ULight-anti-cAMP Tracer Working Solution weslded, mixed, and
incubated for 1 hour. The TR-FRET signal was reaci EnVision microplate reader (PerkinElmer,
USA).

ICso values were determined by nonlinear regressiotysisausing GraphPad Prism 6.0 software.
The loglGy was used to obtain thg, by applying the Cheng-Prusoff equation. Resultsevegpressed

as means of at least two independent experiments.
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4.3.3. PDE-GIlo™ phosphodiesterase assays

The PDE inhibitory activity of the investigated geounds was evaluated using the PDEXSIo
Phosphodiesterase Assay and human recombinant PRIEMBPDE7A expressed in Sf9 cells
(PromegaUSA). The optimal amount of both PDEs for screerang the optimal PDE reaction time
were determined empirically from the PDE titrattonachieve approximately 80 % of the maximum
assay signal. All studied compounds were dissolrddMSO and a serial dilution of these solutions
was performed using the same solvent. In ordessess I, values, 1.5 pL of 1X PDE-Glo Reaction
buffer containing an appropriate amount of purifiedman recombinant PDE4B or PDE7A
(SignalChem, Canada) was added to each well of4an@fl plate (Thermo Fisher Scientific, USA)
and 1 pL of diluted solutions of each compound M3D were added followed by 2.5 uL of CAMP
(50 nM). The final concentrations of the compoundsiged from 0.01 to 20@M and the
concentration of DMSO in the reaction mixture wa%o2 After 10 minutes of incubation at 30 °C
(Grantbio ThermeshakerPHMT, Grant Instruments, England), 2.5 pL of PDB&I|Termination
Buffer and 2.5 pL of PDE-GId Detection Solution were added to each well. Folhgw20 min of
incubation at room temperature, 10 pL of Kinase®&Reagent was added and after 10 minutes
luminescence was measured in each well using aopiate luminometer (POLARstar Omega, BMG
LABTECH, Germany). Rawuminescence data were normalized to percentagetaatf controls,
where percent activity = (relative luminescencdafiRLU] in the presence of test compound — mean
RLU of the low controls)/(mean RLU of the high ca$ — mean RLU of the low controls) x 100.
The high controls consisted of complete reactiortunes with the addition of vehicle (2 % DMSO)
and the low controls contained all components lesside enzyme.

All measurements were performed in triplicate facleinhibitor concentration using POLARstar
Omega (BMG LABTECH, Germany). lgvalues were estimated using nonlinear regressiah wi
ADAPT 5 (BMSR, Los Angeles, CA, USA). The resultere expressed as means of at least two

independent experiments.

4.3.4. Parallel artificial membrane permeability assay

Evaluation of permeability through membranes wapared using 96-wells Pre-coated PAMPA
Plate System Genté¥t (Corning, Tewksbury, USA). The tested compounds #rel references
solutions (all at concentration of 200 uM) werepared in PBS buffer (pH = 7.4) and added to the
donor wells (300 pL/well). Then, 200 pL/well of PB&s added to the acceptor wells and the plates
were incubated at room temperature for 5 hoursowittagitation. After incubation, the plates were
separated and 1QQ_ of solution from each well of both: the accepptete and the donor plate was
next diluted with 100 pL solution of an internabstlard in PBS (pH = 7.4). The compounds’
concentrations in acceptor and donor wells werergehed by analyzed by UPLC/MS using LC/MS
Waters ACQUITY™ TQD system with the TQ Detector (éfa, USA). All compounds were
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analyzed in triplicate. Pvalues were calculated based on the previouslgritbesl formulas [44,45].
According to the PAMPA plate’s manufacturer, compasi with R > 1.5 x 10° cm/s possess good

human oral absorption capacity [46].

4.3.5. Liver microsomal stability assay

The reactions of biotransformation were conductsthgi commercial RLMs purchased from
Sigma-Aldrich (St. Louis, USA) according to the yaorsly described protocols [47]. The reaction
mixtures consisted of 50 pM concentration of thetet® compound in 0.1 mM Tris-HCI (pH = 7.4)
with RLMs (1 mg/mL). All mixtures were preincubatébst at 37 °C for 5 minutes. Then, the reaction
was initiated by adding 50 pL of NADPH Regenerat®ystem (Promega, USA). After 120 minutes
of incubation at 37 °C, the cold methanol was useterminate the reactions. The mixtures were
centrifuged at 14 000 rpm for 15 minutes and theesuatants were analyzed by UPLC/MS using
LC/MS Waters ACQUITY™ TQD system with the TQ Detac{Waters, USA).

4.4.In vivo pharmacology
4.4.1. Animals

Male Wistar rats weighing 230-260 g were used ipeexnents. The animals were housed in
polycarbonate Makrolon type 3 cages (dimension$ 26.15 x 42 cm) in an environmentally
controlled room (ambient temperature 21 + 2 °Catreé humidity 50-60 %; 12:12 light/dark cycle,
lights on at 8:00), in groups of four rats, witledraccess to standard laboratory food (LSM-B) and
filtered water. The animals were assigned randamlyreatment groups. All the experiments were
performed by observers unaware of the type ofrtreat and were conducted between 9:00 and 14:00.
All animals were used only once. The research podtwas approved by the Second Local Ethical
Committee on Animal Testing at the Institute of Fhacology, Polish Academy of Sciences
(Krakow, Poland).

4.4.2. Novel object recognition test

The experiment was adapted from the method of Esewanand Delacour [55]. The test was
conducted in opaque black boxes. After each anithalpoxes were wiped with alcohol. On the first
day, rats were 2-day adapted to the test arenddutitany objects) for 5 min. The test session
comprising of two trials separated by an intertirigerval (ITI) of 1 h was carried out 24 hoursela
During the first trial (familiarization, T1) two @htical objects (A1 and A2) were presented in the
opposite corners of the box, approximately 10 amfthe walls. During the second trial (recognition,
T2) one of the A objects was replaced by a novidailB, so that the animals were presented with the
A = familiar and B = novel objects. Both trialstled for 3 min and the animals were returned tarthei
home cages after T1. The objects used were the glesfilled with the gravel and the metal Coca-

Cola cans. The heights of the objects were compa(dB cm) and the objects were heavy enough not
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to be displaced by the animals. The sequence akptations and the location of the objects were
randomly assigned to each rat. The animals expltinedobjects by looking, licking, sniffing or
touching the object while sniffing, but not wheaméng against, standing or sitting on the objecty A
rat exploring the two objects for less than 5 $wwit3 min of T1 or T2 was eliminated from the study
The experiments were video-recorded and the exjordime of the objects was measured by an
observer blind to the drug treatment. Based onogapbn time (E) of two objects during T2,
discrimination index (DI) was calculated accordinghe formula: DI = (EB — EA)/(EA + AB). MK-

801, used to attenuate learning, was administerdd min before T1.

4.4.3. Forced swimming test

The experiment was carried out according to thenatebf Porsolet al. [56]. On the first day of
experiment, the animals were individually placedHlexiglas cylinders (40 cm high, 18 cm in
diameter) filled with water at 25 °C to the heigifitl5 cm for 15 min. Upon removal from water, the
rats were gently wiped and dried under a 60-W lll Plexiglas box for 30 min. 24 hours after
habituation session the rats were placed againercylinder and the total duration of immobility sva

recorded throughout a 5-min test period. Freshiweds used for each animal.

4.4.4. Open field test

The locomotor activity was recorded using Motor MonSystem (Campden Instruments Ltd.,
UK) consisted of two Smart Frame Open Field statiofs<(40 x 38 cm) with 16 x 16 beams, located
in sound attenuating chambers and connected tooR@ase. Rats were individually placed in the
center of the station. Motor Monitor System recdréenbulations (in X and Y axes), the number of
rearings, and total distance covered by a rat finird The cages were cleaned up with 70 % ethanol
after each rat. The influence of effective dosdyg oecorded in the FST and NOR tests was studied in
the OF test in order to exclude the possibilitycompeting behaviors, such as general locomotor

activity.

4.4.5. Statistical analysis
The data were evaluated by an one-way analysisiidnce (ANOVA) followed by Bonferroni's

multiple comparison test. p < 0.05 was consideiguificant.
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Resear ch highlights:

A new series of anilide and benzylamide derivatives was designed and synthesized
5-HT14/5-HT-R and PDE4B/7A binding modes were analyzed via molecular modeling study
Compounds were characterized as 5-HT14/5-HT-Rs antagonists and PDE4B/7A inhibitors
Membrane permeability and metabolic stability studies were performed in vitro

Selected ligand 22 showed procognitive and antidepressant activity in vivo
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