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Abstract

Currently used antipsychotics are characterizedmtireceptor mode of action. While
antagonism of dopamine ,Dreceptors is responsible for the alleviation ofosiive”
symptoms of schizophrenia and the effects at othertjcularly serotonergic receptors are
necessary for their additional therapeutic effetttsre is no consensus regarding an “ideal”
target engagement. Here, a detailed SAR analysasseries of 45 novel azinesulfonamides
of cyclic amine derivatives, involving the aryl-pi@zine/piperidine pharmacophore, central
alicyclic amine and azinesulfonamide groups has tedhe selection of §-4-((2-(2-(4-
(benzolb]thiophen-4-yl)piperazin-1-yl)ethyl)pyrrdin-1-yl)sulfonyl)isoquinoline §2). The
polypharmacology profile 062, characterized by partial 5-HAR agonism, 5-H7a/5-
HT-/D,/D3R antagonism, and blockade of SERT, reduced thgitipe’-like, and “negative”-
like symptoms of psychoses. Compou®d produced no catalepsy, demonstrated a low
hyperprolactinemia liability and displayed pro-cdiye effects in the novel object
recognition task and attentional set-shifting t&ghile association oin vitro features with
the promisingn vivo profile of 62 is still not fully established, its clinical efacy should be

verified in further stages of development.

Keywords: multitarget directed ligands, polypharmacology,sigeed multiple ligands,
5-HT;a partial agonist, 5-HT antagonist, dopamine,Deceptors, schizophrenia, cognitive

flexibility



1. Introduction

The key action of typical antipsychotic medicatiossattributed to the blockade of
dopamine B receptors (BRS) in the mesolimbic and nigrostriatal brain ardgsHowever,
apart from the reduction of the most disturbing sitiwe” symptoms (hallucinations and
delusions) [2], this mechanism is also respondini¢he undesired side-effects, including the
induction of extrapyramidal symptoms (EPS) [3] &mdhyperprolactinemia [4].

Second generation antipsychotics exhibit significaffinity for various serotonin
receptors. Their prominent feature is an additioaatagonism of 5-HAWRs (or, more
precisely, a high 5-HR/D, receptor affinity ratio) [5], which contributes tbe side-effects
reduction. For instance, an inverse agonist of 5 R$, pimavanserin alleviates symptoms
of psychosis without causing EPS [6]. The stimolatof 5-HT;aRs also contributes to the
alleviation of the negative and extrapyramidal stongs and improves cognitive impairment
[7]. Clinical studies have demonstrated that thélTaaR partial agonist tandospirone
ameliorates cognitive decline in schizophrenic ga. In addition, 5-HihR activation
contributes also to the antidepressant and aniegnxyroperties of antipsychotics [8,9].
Next, the blockade of 5-HRs has emerged as a novel mechanism to treat s@gnit
impairment in schizophrenia [10]. In this regardtagonists and inverse agonists of 5,RT
display pro-cognitive actions in preclinical andinaal settings [11]. Finally, recent
preclinical data demonstrate that the 5;RTantagonist SB-269970 exerts pro-social effects
[12], most likely contributing to an alleviation dfe “negative” symptoms of schizophrenia
(including, emotional flattening and social withaid) as well as to the pro-social and pro-
cognitive effects of the modern antipsychotics [13]

Although the introduction and development of secgaheration antipsychotics have
revolutionized the pharmacotherapy of schizophrethiare is no clear consensus regarding

the precise mechanism of action of an “ideal” awghotic medication being effective
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against all three core symptoms and devoid of theesired side-effects [14]. Because the
etiology and pathophysiology of psychoses remaisie¢, a multi-target approach remains
the conventional strategy for the development bifzphrenia pharmacotherapies [15].

We designed compounds with a multi-receptor probe combining privileged
structures (i.e., molecular frameworks that coibietogical activity within a class of targets)
present in selected antipsychotics and compoundsiaed in preclinical and clinical trials

(Figure 1).

Figure 1.

Specifically, we used an alicyclic amine fragmerddified with an arylsulfonamide moiety
as a privileged structure for 5-KH, the azinesulfonyl fragment present in potent Tz
and 5-HTR antagonists [16,17], different privileged amimgeas stimulating 5-HiaRs (like
eltoprazine and ziprasidone) and acting as antatgspartial agonists at dopamineR3 (like
ziprasidone, risperidone, bifeprunox and brexpiplay integrating these pharmacophores
into one molecule (Figure 1).

We report the chemical synthesis and structuredctielationship results, followed
by neurochemical, functional, pharmacokinetic aoxidological evaluation. Present study
revealed compoun@?2 as a putative novel atypical antipsychotic addngsghe “positive”-
like symptoms, reversing the “negative™-like sympt) and cognitive deficits associated

with schizophrenia without causing catalepsy withiaimal side-effects profile.



2. Results and Discussion

2.1. Chemistry

The synthesis of final compound®8-82 was performed according to the multistep
procedure shown in Scheme 1. Boc-prote@dtmo-amino acid4-5 were reduced to the
corresponding primary alcohol$6-10, which were subsequently oxidized using
2-iodoxybenzoic acid (IBX) [18] to yield aldehyderd/atives11-15. These were further
used for reductive amination of selected arylpipieres/arylpiperidines/tetrahydropyridines
in the presence of sodium triacetoxyborohydride/ing intermediatesl6-37. After the
removal of the protecting group, the final quinelirand isoquinoline-sulfonamides of cyclic
amine derivative88-82 were obtained while treating the secondary amwitdsthe selected
azinesulfonyl chloride in the basic condition. Tdmnylsulfonyl chlorides were synthesized
from respective haloquinolines or isoquinolivia their S-methyl analogs according to the
previously reported method [19].

Scheme 1.

(9-(Boc-azepan-2-yl)acetic aci8@)(used for the preparation of compouf@s76 and81,
82 was synthesized following the routes presente8dheme 2. A starting 2-acetamido-5-
hexenoic acid was submitted to enzymatic treatnggving (S)-2-amino-5-hexenoic acid
(83). Upon the introduction of the Boc protection,sttwas further alkylated with allyl
bromide to give84. The latter compound was submitted to ring closimgtathesis, using
Grubbs second-generation catalyst [20], in reflgxdichloromethane for 3 days, to yield

cyclized Boc-tetrahydroH-azepine-2-carboxylic acid@p).

Scheme 2.



After the double bond reduction, using palladium amwtivated charcoal, in a mixture of
EtOH/THF/HO at 36°C under a hydrogen atmosphere, the reguititermediate Boc-
hexahydro-H-azepine-2-carboxylic acid8f) was then submitted to Arndt-Eistefi-
homologation reaction. The reaction involved theation of a diazoketone intermedia8&)(
and its further conversion to acetic acid andag the presence of GEOOAg as a catalyst

[21].

2.2.  Structure-affinity relationships studies

Our approach focused on the development of a petatovel antipsychotic, which, by
extending the idea of multitarget ligands fit thassical pharmacophore for monoaminergic
receptor (mainly serotonin and dopamine) ligandsssting of the protonated amine
anchored by Asp3.32 (amino acid numbering accordtin{2]) and specific hydrophobic
recognition involving aromatic interaction (CH-er te11) with the Phe6.51/Phe6.52/Trp6.48
aromatic cluster [23]. Moreover, in the case of poomds optionally containing the terminal
fragment connected with the basic cenieralkylene linker, the additional aromatic and H-
bond interactions stabilize ligand binding in thecend transmembrane pocket created
between TMHs 7-3 (involving specific amino acidsamcteristic for serotonin and

dopamine receptors) [23].

2.2.1. The effect of the type of amine

We first focused on the amine pharmacophore maighi@sent in bifeprunox, which

behaves as 5-HER agonist and gR partial agonist, and eltoprazine (classified &$TaaR



partial agonist). Our results indicate that compmtsurearing 1,3-benzoxazol-2-on-4-yl-
piperazine I() were classified as dual 5-H¥D2R ligands (Table 1), while 1,4-benzodioxin-
5-yl-piperazine derivativedl(, eltoprazine) displayed a high affinity for 5-pAD,Rs and
high-to-moderate affinity for the 5-HTsites. It was further found that a 5-chloroinde}3
tetrahydropyridinel{l ) core did not result in a high affinity for 5-HiRs, which are crucial

for atypical antipsychotic activity.

Table 1

Our amine scaffold replacement strategy involvimgaduction of 6-fluorobenzd]isoxazol-
3-yl-piperidine (V, present in risperidone) did not improve affinfor 5-HTia receptors.
Compound#l9-51 displayed a mixed 5-Hk/5-HT-/D2R profile, with a moderate affinity for
5-HT;a and 5-HERs. These compounds showed a higher affinity fefTgR in comparison
to risperidone. It was further found, that replaesemof 6-fluorobenzallisoxazol-3-yl-
piperidine with benzda]isothiazol-3-yl-piperazine\(), present in ziprasidone, resulted in
compoundss2-57 with a high affinity for the four receptors, extdpr a moderate-to-high
affinity for 5-HTgR.

The replacement of benzbjisothiazol-3-yl-piperazine () with benzofilisoxazol-3-yl-
piperazine Y1) generally had no influence on the affinity foH3-, 5-HT; or D:Rs, while
it decreased the affinity for 5-HAR. This receptor pattern is in line with the onesetved
for 6-fluorobenzaofllisoxazol-3-yl-piperidine. This result indicatestithe benzallisoxazole
moiety determines the affinity for 5-HA, 5-HT; and DRs regardless of the type of
connected alicyclic amine (i.e. piperidine or pgene). It thus seems, that piperidine and

piperazine are equipotent regarding their inteoactvith the studied receptors.



Indeed, the introduction of benzothiophen-4-yl-pgzene Y11 ), present in brexpiprazole
and responsible for its partial agonism of @ceptors, conferred multimodality of all the
compounds for the five studied receptors. The mspr@ative compound$1-66 with
benzothiophen-4-yl-piperazine were classified aghhaffinity ligands for 5-HTa/5-HT2a/
5-HTe¢/5-HT7/D,Rs. Interestingly, the replacement of the benzptnem-4-yl-piperazine
fragment with indol-4-yl-piperazineV(ll ) decreased the affinity of compoun@s-70 for

5-HTeR.

2.2.2. The effect of the azine moiety

Our previous reports on azinesulfonamides of lomgit arylpiperazine derivatives with
multimodal mechanism [17,24] and selective 5sRRntagonists [16] disclosed the influence
of the type of azinesulfonamide moiety (the positad the sulfonamide group in tle or -
position of the azine moiety and the localizatidrthee sulfonamide group in a pyridine or
benzene ring) on receptor affinity. Thus, for thesent study only beneficiail-position
azinesulfonamides were selected. Unfortunatelygtramntitative influence of 5-quinolyl, and
4- and 5-isoquinolyl moieties toward the testeceptor panel was difficult to unequivocally

establish.

2.2.3. The effects of stereochemistry and sizéayicic amine

As stereochemistry plays a role in ligand recognitby different serotonin and dopamine
receptors [25-28], we focused on the relevancédib@lity to receptor activity profile. It was
found that for some amine scaffolds an interactioim 5-HTs and to less extent 5-HRs

was dependent on stereochemistry. This observat&snpronounced in the case of 54R§,



where enantiomer®yj displayed 5-to—19-fold higher affinity than thég counterparts (e.g.,
45,49, 53, 61vs47, 51, 56, 64, Table 1).
Encouraged by these data we then applied a scdfégdding approach to investigate any

influence of the size of the alicyclic amine on theeptor profile (Table 2).

Table 2.

For this purpose, we synthesized analogs wih gzetidine, six-member ringR)
piperidine and its even higher seven-member anald§) azepane. The replacement of
pyrrolidine with azetidine generally decreased hireding, even though affinity for 5-HJ,
5-HTza, 5-HT7, and DRs stayed at the same level. Increasing the raegfsbm a pyrrolidine
to piperidine and azepane also decreased the tgffior all receptors with the most
pronounced decrease or even loss of affinity ofetveduated compounds for 5-kR (Table

2).

2.3.  Preliminary pharmacokinetic study

Next, based on the binding data (Table 2), a s@&fids selected compounds3, 54, 56,
57, 62, 65 exhibiting a high affinity for 5-H7a, 5-HT,a, 5-HT;, and BRs, and a high-to-
moderate affinity for 5-HJR, were submitted to a preliminary pharmacokinsticly in male
Wistar rats. The results indicate that the thrasoduinolyl derivatives better penetrate the
blood-brain barrier and are taken up more by tlanbthan the two 5-isoquinolyl analogs

(Table 1. SI).

2.4. In vitro intrinsic activity evaluation
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Subsequently, the selected 4-isoquinolyl derivati®d, 62 and 65 were submitted for a
detailed evaluation of their functional profile mgin vitro methods (Table 3). Among them,
compound53 with benzofllisothiazol-3-yl-piperazine behaved as an antagaatih-HT;a,
5-HTza, 5-HT, D,, and BRs. In contrast, benzothiophen-4-yl-piperazine @ysb2 and 65
showed stimulatory activity in the agonist assaty®-&8T:aRs. The latter two compounds

behaved as antagonists of 5-44,15-HT;, D, and 3Rs (Table 3).

Table 3.

Interestingly, only compoun@5 behaved as a potent 5-§R antagonist. The functional
activity of 62 and65 at 5-HT;aAR was similar to that observed for clozapine, Bmtane or

brexpiprazole (behaving as 5-kR partial agonists).

2.5. Preliminary in vivo behavioral evaluation

Uncompetitive NMDA receptor antagonists (e.g., kete or PCP,) induce
schizophrenia-like symptoms in healthy volunteethus administration of these
psychotomimetics to rodents serves as a modelyahpses [29]. Consequently, compounds
normalizing hyperactivity (distance traveled) dagplantipsychotic-like properties [30]. The
preliminary experiments (Table 4) allowed the s@becof compound$3 and 62, which
produced an antipsychotic effect on PCP-inducedntator hyperactivity in rats at doses
lower than those evoking sedation (see Figure 4r8ll Figure 2-SlI for details, respectively).
In contrast compoun®6 and 65 (both R enantiomer) did not reverse the PCP-induced
hyperactivity and induced sedation. Importantlygzelpine (Figure 3-Sl), and ziprasidone

(Figure 4-Sl) displayed a favorable profile by reithg PCP-induced hyperactivity at doses
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lower than those inducing sedation, while halop@r{@igure 5-Sl) and olanzapine (Figure
6-S1) inhibited the PCP-induced hyperactivity ase® higher than those producing sedation.
Impaired cognitive processes constitute an integraft of the clinical picture of
schizophrenia, and the improvement of cognitiveaitsfhas become one of the priorities in
the development of antipsychotics. Thus, the nobgtct recognition task (NORT) was used
to study the influence of the investigated compauth visual episodic memory [31].
This test is based on the spontaneous explorationowel and familiar objects. The
administration of ketamine or PCP reduces thetghii discriminate a novel object from a
familiar one [13], and any compounds that have aiegtive effect against this deficit are
regarded as potentially useful for treating cogeitideficits that are characteristic of

psychoses [32].

Table 4.

Table 4 shows that compounsi3 (Figure 7-Sl) an®2 (Figure 8-SI) (minimum effective
dose; MED =1 mg/kgi.p.) ameliorated PCP-induced learning deficits in N@RT. In the
same experimental settings, clozapine (Figure 9-3iprasidone (Figure 10-Sl) and
olanzapine (Figure 11-Sl) but not haloperidol (Feg@2-Sl) displayed similar pro-cognitive

effects.

2.6. Cardiac safety, interaction with cytochromebB4and metabolic stability of compounds

53 and62

Since a cardiac toxicity is a common reason foreased cardiac death, ability of
compound53 (Figure 13-Sl) and2 (Figure 14-Sl) to block human hERG potassium

channels was investigated in a whole cell patcimplassay in CHO-K1 cells with expression
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of hERG channels. CompourB tested at 1@M and 50 uM concentrations showed a
propensity to block hERG, whil&2 tested at the same concentrations displayed no
statistically significant changes in ion currensdditionally, 62 displayed no agonist
properties for 5-HIzR (agonist effect @ I counted 3 and 14 % fob3 and 62,
respectively) which are involved in valvulopathydasardiac impairment [33].

As the QT interval prolongation is one of the safedsue often noted for atypical
antipsychotics, cardiac safety of compoub8saand62 was further testeoh vivoin a guinea
pig model showing no QT prolongation or any cardiability at a dose of 5 mg/kg, and 10
mag/kg (.p.), respectively. Compounds3 (Table 4-Sl) an®2 (Table 5-Sl) at doses 5- and
10-fold higher than those used in the behavioisgktdid not significantly change the normal
ECG or frequency of heart rate in guinea pigs. [Bc& of changes in the ECG may suggest
the safety 063 and62 regarding pro-arrhythmic activity while using belwaally effective
doses.

We also investigated whether compo&3i(2 and 5 mg/kg; Figure 15-Sl) and compound
62 (3 and 10 mg/kg, Figure 16-Sl) affected blood gues in rats. The results demonstrate
compounds$3 and62 did not affect diastolic or systolic blood pressim rats at any of the
doses tested.

In vitro biotransformation studies using rat liver microgsnindicate that compouné8
and 62 showed metabolic stability with intrinsic clearanwalues of 1.73 and 2.81
pL/min/mg, respectively. Additionally, to extend tlpetential drug-drug interaction at the
level of the liver cytochrome P450, the influendecompounds53 and62 on five different
cytochrome P450 isozymes — CYP1A2, CYP2C9, CYP2CNR2D6, and CYP3A4, was
determined [34]. Compounds3 and 62 only moderately inhibited CYP3A4 activity with
ICs50 counting 23 and 1@M, respectively (Table 6-Sl). The obtained valuedigate that

compounds53 and 62 should not inhibit the CYP3A4 isofornn vivo since their
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pharmacological concentrations in the rat brain pladma are below 1 uM. Hence, the new
compounds studied here are safe with respect @ idtaraction at the level of cytochrome
P450 as other atypical neuroleptics (e.g., clommmn risperidone) which is not true for
typical neuroleptics (e.g., phenothiazines or hatmwol), which are strong CYP2D6

inhibitors [35].

2.7. Advanced in vivo pharmacological evaluatio®®and 62

To further extend the evaluation of the antipsyhptoperties of compounds3 and62,
the conditioned avoidance response (CAR) test waplaed [36]. The CAR test is
recognized as a reliable tool with high predictivalidity for “positive” symptoms in
antipsychotic development. Compounsi® and 62, at a dose of 3 mg/kg, suppressed the
avoidance behavior without affectindailures suggesting a “specific” antipsychotic-like

action in the CAR test (Table 5).

Table 5.

Similar specific effects were apparent for rispend and clozapine; however, haloperidol,
olanzapine and ziprasidone significantly increagexfailures suggesting a sedative effect
under these experimental conditions (Table 7-SI).

In the ketamine-disrupted social interaction teshharized in Table 5, treatment wib3
(Figure 17-Sl) an®2 (Figure 18-Sl) ameliorated social deficits at doeé€3 and 1 mg/kg,
respectively. Similar effects were observed for @kyg aripiprazole (Figure 19-Sl) and 0.1

mg/kg risperidone (Figure 20-Sl). In contrast, epmne (1 mg/kg; Figure 21-Sl),
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haloperidol (0.1 mg/kg, Figure 22-Sl), and ziprasie (1 mg/kg, Figure 23-Sl) were
inactive in the same experimental setting.

One of the major obstacles to the treatment wittippaychotics is their propensity to
produce extrapyramidal side-effects [3]. To exanimetendency of the novel compounds to
produce EPS-like side effects rats were scoredcé&talepsy for 240 min following.p.
administration. Haloperidol produced dose-dependatdleptogenic effects with an MED ~
0.2 mg/kg, (Figure 24-Sl). Compoub8 at 30 mg/kg and olanzapine at 40 mg/kg shows the
cataleptogenic effects (Figure 25-SlI) In contrasiprasidone (30 mg/kg) produced
insignificant cataleptogenic effects, and compo68d30 mg/kg) was devoid of this action
(Table 5, Figure 25-SI).

The potential side effect profile &2 was also assessed in terms of its ability to ieduc
hyperprolactinemia. In contrast to olanzapine apdasidone (which significantly increased
prolactin levels at a dose of 3 mg/kg), compo6adlid not affect plasma prolactin level in
rats up to a dose of 3 mg/kg (Figure 26-SlI).

Apart from the aforementioned functional profileaple 3), extended pharmacologiaal
vitro profiling was conducted fa82 to investigate its potential off-target activitfable 6).
The results show th&2 at 10° M inhibited the binding of the control to adreniergs, Oac,

D1, D3, D4, and 5-H¢, but not M and 5-HE by at least 50%. It also inhibited binding to
SERT Ki =76 nM). It was found tha&2 behaved as an antagonist of adrenengi; Hi, 5-
HTip, 5-HT,cRs and showed modest antagonistic propertiesigt D3 and 5-HTgRs.
Consequently, like other atypical antipsychotig®,displays a complex pharmacology with
the desired profile, and appears to produce sontenpally unwanted off-target effects.
These effects, which result from the antagonistima of 62 ona;a and H receptors, could
suggest factors related to hypotension and seddimmever, these states were not found in

this study.
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Table 6.

The pharmacokinetic properties ®@ were then explored after administration of a sngl
dose of 9 mg/kgper os indicating that compound?2 is quickly absorbed from the
gastrointestinal tract ¢fax= 10 min) and reaches a maximum concentration.Qf €54 nM.

A similar Gyax value is reached in the brain after 60 mipLJ-

Schizophrenic patients develop cognitive dysfumgjo including inflexibility in
modifying behavior in response to altering the vaftece of stimuli. This aspect of executive
function, which is controlled by the prefrontal t¢, is commonly assessed in humans using
the WCST [37]. In fact, a poor WCST performanceaiskey behavioral symptom of
schizophrenia [38]. We thus examined the cogniiffects of compoun@2 in the attentional
set-shifting test (ASST) [13,39]. While ketaminestdrbed cognitive flexibility by
significantly and specifically impairing rats’ perfnance at the extradimensional (ED) stage,

compound2 (1 mg/kg) reversed this deficit (Figure 27-SlI).

3. Conclusions

Currently used medications for schizophrenia céecéfely control “positive” symptoms
but with some exceptions they display limited intpaa cognitive deficits and social
withdrawal. These unmet medical needs were addiesgaesent study aimed at developing
novel antipsychotic. By combining the concept of limodal ligands with privileged
structural elements favorable for interactions wslected monoaminergic receptors, we
designed, synthesized, and characterized a neass#razinesulfonamides of alicyclic amine
derivatives with arylpiperazine/piperidine moieti&AR exploration of this library revealed

that the (isoquinolin-4-ylsulfonyl)g)-pyrrolidinyl fragment and the 1,2-benzothiazojd3-
16



and benzothiophen-4-yl-piperazine fragments wereorible for binding the 5-Hk,
5-HT,a, 5-HTs, 5-HT7, Dy, and 3 receptors. Additionally, the interaction of thesimed
series with 5-HfR was highly dependent on the stereochemistry efalicyclic amine.
From a diverse library, §-4-((2-(2-(4-(benzo[b]thiophen-4-yl)piperazin-1)gthyl)
pyrrolidin-1-yl)sulfonyl)isoquinoline §2) was identified as a potential novel antipsychotic
Taking advantage of the concept ofRDblockade, which is the only clinically validated
approach,62 combines a multi-receptor mechanism with prominéaAtT;aR partial
agonism, 5-H7A/5-HT;/D3R antagonism, and blockade to SERT. Because itsesd?CP-
induced hyperactivity and avoidance behavior in @#eR test,62 appears to be useful for
addressing the positive symptoms of schizophrdristhermore, its ability to reverse the
social interaction deficit in a ketamine model andmory decline in PCP- and ketamine-
disrupted conditions reveals thé2 can alleviate the negative symptoms and displags p
cognitive properties. Additionally62 displayed no cardiac toxicity, and no tendency of
inducing catalepsy. Further mechanistic studieshaoessary to better understand the distinct
behavioral attribute profiles observed. Additiogalhe receptor multimodality &2 could
potentially provide opportunities for the treatmemtvarious other CNS disorders, such as
anxiety, depression, psychoses associated with mieanend stress and impulse control
disorders. Finally, since social withdrawal accomea autism spectrum disorders and
because only two atypical antipsychotics — rispereand aripiprazole — are registered for
treatment of autism, further studies should rewiealactivity of novel antipsychotics with a

5-HT7R component against the core symptoms and comntiorigenpairments of autism.
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4. Experimental Section
4.1.Chemistry

Organic synthesis were carried out at ambient teatpe2, unless indicated otherwise.
Organic solvents used in this study (Sigma-Aldri€tnempur) were of reagent grade and
were used without purification. All other commellyiavailable reagents were of the highest
purity (from Sigma-Aldrich, Fluorochem, TCI). Allavkup and purification procedures were
carried out with reagent-grade solvents under amlaignosphere.

Mass spectra were recorded on a UPLC-MS/MS systemisted of a Waters ACQUITY®
UPLC® (Waters Corporation, Milford, MA, USA) coupleto a Waters TQD mass
spectrometer (electrospray ionization mode ESI¢andquadrupole). Chromatographic
separations were carried out using the Acquity UFREH (bridged ethyl hybrid) C18
column; 2.1 x 100 mm, and 1.7 um particle size,mmpd with Acquity UPLC BEH C18
VanGuard pre-column; 2.1 x 5 mm, and 1.7 um parscte. The column was maintained at
40°C, and eluted under gradient conditions from 36%% of eluent A over 10 min, at a
flow rate of 0.3 mL miit. Eluent A: water/formic acid (0.1%, v/v); eluent: B
acetonitrile/formic acid (0.1%, v/v). Chromatogram®&re made using Waters. é®DA
detector. Spectra were analyzed in 200—700 nm raimifpel.2 nm resolution and sampling
rate 20 points/s.

MS detection settings of Waters TQD mass spectrematre as follows: source temperature
150°C, desolvation temperature 350°C, desolvatias f(pw rate 600 L f, cone gas flow
100 L h', capillary potential 3.00 kV, cone potential 40 Nitrogen was used for both
nebulizing and drying gas. The data were obtaineal scan mode ranging from 50 to 2000
m/z in time 1.0 s intervals. Data acquisition seiter was MassLynx V 4.1 (Waters). The

UPLC/MS purity of all the final compounds was comnfed to be 95% or higher.

18



'H NMR and **C NMR spectra were obtained in Varian BB 200 or AM500-HD
spectrometer using TMS (0.00 ppm) as an interraaddstrd in CDGJ and were recorded at
300 or 500 and 75 MHz, respectively. Thevalues are reported in Hertz (Hz), and the
splitting patterns are designated as follows: sg{st), d (doublet), t (triplet), g (quartet), dd
(doublet of doublets), dt (doublet of triplets),(tdplet of doublets), tt (triplet of triplets),dq
(quartet of doublet), ddd (doublet of doublet otidiets), m (multiplet), br.s (broad singlet).
Elemental analyses for C, H, N and S were carrigdusing the elemental Vario EI Il
Elemental Analyser (Hanau, Germany). All values@ven as percentages, and were within
+0.4% of the calculated values.

Melting points (Mp) were determined with a Blichpapatus and are uncorrected.
Characterization data for representative compouads summarized below, while all
characterization data for all of intermediate aeohaining final compounds are reported in

the Supporting Information.
4.1.1 General procedure for the synthesis of inezlistes5—10

To a mixture of 2-((8)-1-tert-butoxycarbonylpyrrolidin-2-yl)acetic ac{@.0 g, 8.7 mmol)
in anhydrous CbLCl, (20 mL) lithium aluminum hydride 2.0 M in THF (B2nL, 13.05
mmol) was added dropwise and the reaction mixtuas eated to 58 in inert atmosphere
(under argon). After stirring for 4 hours, the rg@atc mixture was cooled to room
temperature, diluted with AcOEt (20 mL) and treatath saturated NaHC$£X3 mL). Then
the solution was concentrated under reduce pressarthe residue were added §Hb (20
mL) and the organic layer was washed with water lamtk, and then dried over anhydrous
NaSQy, and concentrated under reduced pressure to gigarediates (1.72 g, 8.0 mmol)
as light oil (yield 91.9%). The same procedure wsed for the synthesis of intermediafes

10.
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4.1.2. General procedure for the synthesis of mestiatesl1-15

2—lodoxybenzoic acid (IBX, 6.72 g, 24 mmol) wassdised in DMSO (50 mL), stirred
for 10 min. at room temperature and treated witoltion of intermediat® (1.72 g, 8.0
mmol) in DMSO (50 mL). After stirring overnight abom temperature the reaction mixture
was diluted with B (100 mL), cooled to@ and quenched by addition of water (100 mL).
The inorganic layer was diluted with brine (50 ndnd extracted with ACOEt (3 x 20 mL).
The combined organic layers were washed with sadfdaHCQ, water and brine, and then
dried over anhydrous N&0O,. After concentration under reduced pressure thdecproduct
was purified by column chromatography on silica, gsing a mixture of AcOEt/Hex (30/70
v/v) as eluting system yielding intermedidte(1.12 g, 5.24 mmol) as light oil (yield 65.5%).

The same procedure was used for the synthesiserfrindiated 2-15.
4.1.3. General procedure for the synthesis of metiatesl 6-37

To a solution of intermediatEl (1 g, 4.7 mmol), 1-(benzothiophen-4-yl)piperazfhé g,
7 mmol) in THF (30 mL) was added sodium triaceoxghydride (1.98 g, 9.4 mmol) and
anhydrous AcOH (1 mL). After stirring for 4 hoursraom temperature, saturated NaHCO
was added to the mixture, and the aqueous layeextagcted with ACOEt (3 x 20 mL). The
organic layer was washed with water and brine, ddrever anhydrous N8O, and
concentrated under reduced pressure. The residteneth was purified by column
chromatography on silica gel, using a mixture o, Cl¥MeOH (9/0.5v/v), to give the Boc-
protected derivativé4 (1.70 g, 4.14 mmol) as light oil (yield 88%). Thense procedure was

used for the synthesis of intermediatés37.
4.1.4. General procedure for the synthesis of fazahpound88-82

Removal of Boc function of the intermediate®-37 was accomplished by treatment with

a mixture of TFA/CHCI, (80/20 v/v). Upon removal of organic solvents under reduced
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pressure, TFA salts of deprotected intermedia&s7 were left under vacuum overnight.
Then, a mixture of the proper secondary amine ifth®l) in CHCI, (5 mL), and EN (2.4
mmol) was cooled down (ice bath), and the seleasdesulfonyl chloride (0.96 mmol) was
added in one portion. The reaction mixture wasestifor 2-6 hours on ice bath. Then, the
solvent was evaporated and the final sulfonamiB8s82 were purified by column

chromatography using GBl,/MeOH as eluting system.

4.2.Characterization data for representative final caupds

4.2.1. (S)-7-(4-(2-(1-(Isoquinolin-4-ylsulfonyl)pyrrolidig-yl)ethyl)piperazin-1-yl)benzo[d]

oxazol-2(3H)-ong39)

Yellow oil (150 mg, 78% yield) following chromataghic purification over silica gel with
CH,Cl,/MeOH (9/0.7); UPLC purity = 100%, (R 3.94; GgHaoNsOsS, MW 507.6,
Monoisotopic Mass 507.19, [M+HB08.5."H NMR (300 MHz, CDCJ) & (ppm) 1.60-1.72
(m, 4H), 1.73-1.81 (m, 1H), 1.85-1.94 (m, 1H), 2346 (m, 2H), 2.51-2.59 (m, 2H), 2.60—
2.69 (m, 2H), 3.32 () = 4.6 Hz, 4H) 3.44-3.52 (m, 2H), 4.07 (&= 8.0, 3.9 Hz, 1H), 6.59—
6.71 (m, 2H), 7.02—7.10 (m, 1H), 7.77 (ddd 8.1, 7.0, 1.0 Hz, 1H), 7.92 (dd#i= 8.6, 7.1,
1.4 Hz, 1H), 8.05 (br.s, 1H), 8.11 (@= 8.0 Hz, 1H), 8.86 (ddl = 8.7, 0.8 Hz, 1H), 9.13 (s,

1H), 9.43 (d,J = 0.5 Hz, 1H).

4.2.2. (S)-4-((2-(2-(4-(2,3-Dihydrobenzo[b][1,4]dioxin-T)piperazin-1-yl)ethyl)pyrrolidin-

1-yh)sulfonyl)isoquinoling42)

White solid (140 mg, 69% yield) following chromataghic purification over silica gel with
CH.CI/MeOH (9/0.7); UPLC purity =97%, R 4.42; G/H3N,0,S, MW 508.63,
Monoisotopic Mass 508.21, [M+HB09.4."H NMR (300 MHz, CDCJ) & (ppm) 1.63-1.82
(m, 4H), 1.89-2.00 (m, 1H), 2.05-2.18 (m, 1H), 22486 (m, 1H), 3.34 (td] = 3.1, 1.3 Hz,
4H), 3.62-3.81 (m, 4H), 3.90-4.01 (m, 2H), 4.29&,3.9 Hz, 2H), 4.42 (] = 2.9 Hz, 2H),
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4.49-4.57 (m, 2H), 6.79-6.94 (m, 2H), 7.32 (dd; 6.9, 1.6 Hz, 1H), 7.95-8.08 (m, 1H),
8.30 (t,J = 7.6 Hz, 1H), 8.55 (d] = 8.0 Hz, 1H), 9.00 (d] = 8.6 Hz, 1H), 9.26 (s, 1H), 9.96
(s, 1H).*C NMR (75 MHz, CDCY) § (ppm) 24.2, 29.7, 30.5, 30.7, 51.7, 55.1, 58.47 64

104.8, 108.9, 122.6, 126.5, 128.5, 128.6, 128.9,71332.7, 147.4, 155.7.

4.2.3. (R)-5-((2-(2-(4-(5-Chloro-1H-indol-3-yl)-5,6-dihydpyridin-1(2H)-yl)ethyl)

pyrrolidin-1-yl)sulfonyl)quinoling47)

Brown oil (140 mg, 71% vyield) following chromatogitac purification over silica gel with
CH.CI/MeOH (9/0.7); UPLC purity = 99%, R 5.03; GgH2sCIN,O,S, MW 521.07,
Monoisotopic Mass 520.17, [M+HB21.5."H NMR (300 MHz, CDC}) & (ppm) 1.58-1.75
(m, 4H), 1.76-1.87 (m, 1H), 2.03-2.16 (m, 1H), 2255 (m, 4H), 2.58-2.78 (m, 2H), 3.18
(dd, J=10.8, 2.1 Hz, 2H), 3.31-3.39 (m, 2H), 3.95-4.06 {H), 6.06—6.08 (m, 1H), 7.07—
7.14 (m, 2H), 7.29 (s, 1H), 7.53 (dd= 8.8, 4.7 Hz, 1H), 7.73-7.80 (m, 2H), 8.26 (dd,
J=7.0, 1.2 Hz, 1H), 8.32 (d,= 8.2 Hz, 1H), 8.96 (dd] = 4.1, 1.2 Hz, 1H), 9.07 (br. s., 1H),
9.27 (dd,J= 8.8, 1.2 Hz, 1H)*C NMR (75 MHz, CDCJ) 5 (ppm) 24.2, 28.5, 31.1, 33.0,
48.4, 50.1, 52.9, 54.8, 58.4, 112.5, 117.1, 11828.0, 122.3, 122.7, 123.0, 125.0, 125.6,

126.1, 127.7, 129.5, 129.9, 133.8, 134.4, 135.32,51348.5, 151.1.

4.2.4. (R)-6-Fluoro-3-(1-(2-(1-(quinolin-5-ylsulfonyl-pyotidin-2-yl)ethyl)piperidin-4-yl)-

1,2-benzoxazolé1)

Brown oil (120 mg, 65% vyield) following chromatogtac purification over silica gel with
CH.CI/MeOH (9/0.7); UPLC purity = 100%, (R 4.5; G7H2oFN4,O3S, MW 508.61,
Monoisotopic Mass 508.2, [M+H]509.3.*H NMR (300 MHz, CDCJ) & (ppm) 1.61-1.69
(m, 6H), 1.72-1.89 (m, 3H), 1.99-2.11 (m, 8H), 3(8D = 6.3 Hz, 2H), 3.95-4.00 (m, 1H),
7.06 (td,J = 8.89, 2.1 Hz, 1H), 7.23 (d,= 2.1 Hz, 1H), 7.58 (dd] = 8.8, 4.2 Hz, 1H), 7.69
(dd, J=8.7, 5.1 Hz, 1H), 7.80 (= 7.9 Hz, 1H), 8.26-8.37 (m, 2H), 9.01 (dds 4.1, 1.5

22



Hz, 1H), 9.26 (d,) = 8.9 Hz, 1H)X*C NMR (75 MHz, CDCJ) & (ppm) 24.2, 29.7, 30.9, 30.9,
31.1, 48.5, 55.1, 58.4, 97.6, 117.4, 122.6, 1242R.5, 128.6, 128.9, 131.7, 132.7, 147.4,

149.9, 157.7, 164.2, 166.3.

4.2.5. (S)-3-(4-(2-(1-(Isoquinolin-4-ylsulfonyl)pyrrolidig-yl)ethyl)piperazin-1-yl)-1,2-

benzothiazol€53)

Yellow oil (250 mg, 78% vyield) following chromataaphic purification over silica gel with
CH.CI/MeOH (9/0.5); UPLC purity = 100%, (R 4.85; GeH29Ns0,S,;, MW 507.67,
Monoisotopic Mass 507.18, [M+H508.3.'H NMR (300 MHz, CDCJ) & (ppm) 1.56-1.66
(m, 2H), 1.69-1.78 (m, 2H), 1.87-1.99 (m, 2H), 22.20 (m, 2H), 2.26-2.37 (m, 2H), 3.37—
3.48 (m, 4H), 3.52-3.64 (m, 2H), 3.69-3.79 (m, 2H).0—4.22 (m, 1H), 7.40-7.48 (m, 1H),
7.51-7.58 (m, 1H), 7.90 (d,= 8.1 Hz, 1H), 7.98-8.09 (m, 2H), 8.28Jt 7.8 Hz, 1H), 8.51
(d,J=8.1 Hz, 1H), 8.98 (d] = 8.6 Hz, 1H), 9.17 (s, 1H), 9.81 (s, 1H)C NMR (75 MHz,
CDCl) & (ppm) 23.7, 29.4, 30.7, 46.5, 48.6, 51.0, 51.62,588.0, 120.4, 123.1, 124.4,
124.9, 127.0, 127.9, 128.3, 131.2, 131.7, 132.8,8,335.6, 138.3, 152.5, 161.6. Anal. calcd
for CaeH29N50.S,- 3HCE2H,0: C: 47.82, H: 5.56, N: 10.72, S: 9.82; Found €94, H: 5.47,

N: 10.75, S: 9.84. £H2dN50,S,- 3HCI2H,0: 201.1-202.3°C.

4.2.6. (S)-3-(4-(2-(1-(Isoquinolin-5-ylsulfonyl)pyrrolidig-yl)ethyl)piperazin-1-yl)-1,2-

benzothiazol¢54)

Yellow oil (220 mg, 71% vyield) following chromataaphic purification over silica gel with
CH.CI,/MeOH (9/0.7); UPLC purity = 98%, R 4.35; GgH2N50,S,, MW 507.67,
Monoisotopic Mass 507.18, [M+HB08.3. UPLC'H NMR (300 MHz, CDCJ) & (ppm)
1.58-1.66 (m, 2H), 1.69-1.76 (m, 2H), 1.83-1.94 k), 2.11-2.20 (m, 2H), 2.28-2.37 (m,
2H), 3.35-3.48 (m, 4H), 3.52-3.67 (m, 2H), 3.7213(®, 2H), 4.12-4.22 (m, 1H), 7.19—

7.24 (m, 1H), 7.51-7.58 (m, 1H), 7.90 @=8.1 Hz, 1H), 7.98-8.09 (m, 2H), 8.20 (d,
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J=8.2 Hz, 1H), 8.42 (s, 1H), 8.62-8.72 (m, 2HR3(s, 1H).**C NMR (75 MHz, CDC}) &
(ppm) 24.2, 31.0, 32.8, 38.7, 48.3, 50.0, 53.01558.4, 68.1, 120.5, 122.6, 123.9, 124.9,
127.6, 127.7, 128., 129.9, 133.7, 134.6, 135.5,614851.1, 152.7, 163.9. Anal. calcd for
CaeH20N50,S,- 2HCHH,0: C: 52.17, H: 5.56, N: 11.70, S: 10.71; FoundZ.24, H: 5.45, N:

11.82, S: 11.01. Mp for £H29N50,S,- 2HCHH,0: 201.5-202.4°C.

4.2.7. (R)-3-(4-(2-(1-(Isoquinolin-4-ylsulfonyl)pyrrolidi@-yl)ethyl)piperazin-1-yl)-1,2-

benzothiazol€56)

Brown oil (200 mg, 75% vyield) following chromatogitac purification over silica gel with
CH.CI/MeOH (9/0.5); UPLC purity = 100%, (R 4.81; GeH29Ns0,S,;, MW 507.67,
Monoisotopic Mass 507.18, [M+HB08.3."H NMR (300 MHz, CDCJ) & (ppm) 1.59-1.75
(m, 4H), 1.81-1.91 (m, 2H), 2.03-2.16 (m, 2H), 23&7 (m, 2H), 3.40-3.46 (m, 4H), 3.55
(t, = 4.7 Hz, 2H), 3.69-3.79 (m, 2H), 4.05 (@t 8.1, 3.9 Hz, 1H), 7.31-7.38 (m, 1H), 7.45
(t, J=7.52 Hz, 1H), 7.70-7.83 (m, 2H), 7.85-7.94 (m),8407 (d,J = 8.1 Hz, 1H), 8.84 (d,
J=8.7 Hz, 1H), 9.10 (s, 1H), 9.39 (s, 1HJC NMR (75 MHz, CDC)) 5 (ppm) 24.3, 31.0,
32.9, 48.5, 50.0, 53.0, 55.2, 58.5, 120.5, 12328L.4, 127.5, 128.5, 128.6, 128.8, 129.0,
131.7, 132.6, 145.0, 152.7, 157.6, 163.9. Anatccédr GgHo9N50,S,- 2HCHH,O: C: 52.17,
H: 556, N: 11.70, S: 10.71; Found C: 51.95, H:55.QI: 11.82, S: 10.11. Mp for

Ca6H290N502S,- 2HCHH,0: 201.5-202.4°C.

4.2.8. (R)-3-(4-(2-(1-(Isoquinolin-5-ylsulfonyl)pgtidin-2-yl)ethyl)piperazin-1-yl)-1,2-

benzothiazol€57)

Yellow oil (240 mg, 76% vyield) following chromataaphic purification over silica gel with
CH,Cl,/MeOH (9/0.5); UPLC purity =100%, R 4.31; GgHzNsO.S,, MW 507.67,
Monoisotopic Mass 507.18, [M+HB08.3.'H NMR (300 MHz, CDCJ) & (ppm) 1.56-1.73

(m, 4H), 1.80-1.89 (m, 1H), 2.00-2.12 (m, 1H), 23@4 (m, 2H), 2.51-2.60 (m, 2H), 2.63—
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2.70 (m, 2H), 3.37-3.43 (m, 2H), 3.54.Jt= 4.9 Hz, 4H), 3.96-4.04 (m, 1H), 7.32-7.38 (m,
1H), 7.46 (tdJ= 7.6, 1.0 Hz, 1H), 7.68-7.75 (m, 1H), 7.79-7.88 2H), 8.20 (d,J=8.2
Hz, 1H), 8.41 (ddJ = 7.4, 1.2 Hz, 1H), 8.64-8.70 (m, 2H), 9.34 (s).1£C NMR (75 MHz,
CDCly) & (ppm) 24.2, 31.0, 32.8, 48.4, 50.1, 53.00, 558155120.6, 123.9, 125.9, 127.5,
128.0, 129.1, 132.1, 133.5, 133.8, 145.1, 152.73.215163.9. Anal. calcd for
CagH2eN50,S,- 2HCHH,0: C: 52.17, H: 5.56, N: 11.70, S: 10.71; FounZ45, H: 5.26, N:

11.42, S: 10.81. Mp for Anal. calcd fopdBl,gNs0,S,- 2HCHH,0: 201.5-202.4°C.

4.2.9. (S)-3-(4-(2-(1-(Quinolin-5-ylsulfonyl)pyridin-2-yl)ethyl)piperazin-1-yl)-1,2-

benzoxazol€58)

Yellow oil (150 mg, 70% yield) following chromataghic purification over silica gel with
CH,Cl,/MeOH (9/0.5); UPLC purity = 100%, (R 4.25; GgH2NsOsS, MW 491.61,
Monoisotopic Mass 491.2, [M+H]492.4.'"H NMR (300 MHz, CDC}) & (ppm) 1.58-1.70
(m, 4H), 1.79-1.89 (m, 1H), 1.96-2.08 (m, 1H), 2330 (m, 2H), 2.48-2.56 (m, 2H), 2.59—
2.67 (m, 2H), 3.38 (d] = 5.9 Hz, 2H), 3.56 (t) = 5.0 Hz, 4H), 4.00 (ttJ = 7.9, 3.9 Hz, 1H),
7.22 (ddd,J=7.9, 6.3, 1.4 Hz, 1H), 7.43-7.48 (m, 2H), 7.5587(m, 1H), 7.69 (dJ = 8.5
Hz, 1H), 7.79 (tJ = 7.9 Hz, 1H), 8.24-8.36 (m, 2H), 9.00 (dd; 4.2, 1.3 Hz, 1H), 9.26 (dt,

J=8.8,0.7 Hz, 1H).

4.2.10. (S)-4-((2-(2-(4-(Benzolb]thiophen-4-yl)pigein-1-yl)ethyl)pyrrolidin-1-yl)sulfonyl)

isoquinoline(62)

Brown oil (230 mg, 75% vyield) following chromatogtac purification over silica gel with
CH.CI/MeOH (9/0.5); UPLC purity = 100%, (R 5.06; G7H3oN4O,S;, MW 506.68,
Monoisotopic Mass 506.18, [M+HB07.4.'H NMR (300 MHz, CDCJ) & (ppm) 1.61-1.73
(m, 4H), 1.73-1.80 (m, 1H), 1.86-1.95 (m, 1H), 2880 (m, 2H), 2.60-2.75 (m, 4H), 3.20

(t, J= 4.0 Hz, 4H), 3.47 (dd] = 7.2, 5.9 Hz, 2H), 4.07-4.12 (m, 1H), 6.92 (d& 7.7, 0.7
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Hz, 1H), 7.27-7.32 (m, 1H), 7.39-7.44 (m, 2H), 7(873 = 8.0 Hz, 1H), 7.76 (ddd, = 8.1,
7.0, 0.9 Hz, 1H), 7.91 (ddd,= 8.6, 7.1, 1.4 Hz, 1H), 8.10 (d,= 8.1 Hz, 1H), 8.88 (dd,
J=8.7, 0.8 Hz, 1H), 9.14 (s, 1H), 9.42 (s, 1HC NMR (75 MHz, CDCJ) § (ppm) 24.3,
31.1, 33.0, 48.5, 52.1, 53.5, 53.6, 55.2, 58.6,41P17.0, 121.9, 124.7, 124.9, 125.0, 128.4,
128.4, 128.6, 129.0, 129.1, 131.8, 132.5, 134.1,114145.1, 148.4, 157.6. Anal. calcd for
Co7H30N402S,- 3HCI: C: 52.64, H: 5.40, N: 9.09, S: 10.41; Fohdb2.61, H: 5.72, N: 8.76,

S: 10.58. Mp for H3oN40-S,- 3HCI: 202.5-203.8°C.

4.2.11. (R)-4-((2-(2-(4-(Benzo[b]thiophen-4-yl)pipein-1-yl)ethyl)pyrrolidin-1-yl)sulfonyl)

isoquinoline(65)

Brown oil (260 mg, 74% vyield) following chromatogtac purification over silica gel with
CH,Cl,/MeOH (9/0.5); UPLC purity = 100%, R 5.27; G7H3N4O,S,, MW 506.68,
Monoisotopic Mass 506.18, [M+HB07.3."H NMR (300 MHz, CDCJ) & (ppm) 1.60-1.74
(m, 4H), 1.85-1.96 (m, 2H), 2.08-2.18 (m, 2H), 2383 (m, 2H), 2.58-2.77 (m, 2H), 3.21
(t, J=6.0 Hz, 4H). 3.47 (dd] = 7.2, 5.9 Hz, 2H), 4.09 (tfi = 8.12, 3.9 Hz, 1H), 6.92 (dd,
J=17.6, 0.6 Hz, 1H), 7.25-7.34 (m, 1H), 7.38-7.46 RH), 7.57 (dJ = 8.1 Hz, 1H), 7.76
(ddd,J=8.1, 7.1, 0.9 Hz, 1H), 7.92 (dd#i= 8.1, 7.1, 0.9 Hz, 1H), 8.10 (d= 8.1 Hz, 1H),
8.88 (ddJ = 8.7, 0.7 Hz, 1H), 9.14 (s, 1H), 9.42 (s, 1HL NMR (75 MHz, CDC}) & (ppm)
24.3, 31.0, 48.4, 52.1, 53.6, 55.2, 58.5, 112.2,1,1117.9, 121.9, 125.0, 125.9, 133.5, 133.6,
145.1, 153.2. Anal. calcd for,@H30N4O.S,- 3HCI: C: 52.64, H: 5.40, N: 9.09, S: 10.41;

Found C: 52.68, H: 5.67, N: 8.89, S: 10.34. Mp@eH3oN40,S,- 3HCI: 202.2-203.5°C.

4.2.12. (S)-4-((2-(2-(4-(1H-Indol-4-yl)piperazinyl}ethyl)pyrrolidin-1-yl)sulfonyl)

isoquinoline(68)

Yellow oil (120 mg, 67% vyield) following chromataaphic purification over silica gel with

CH.Cl,/MeOH (9/0.7); UPLC purity =97%, R 4.38; G/HziNsO.S, MW 489.63,
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Monoisotopic Mass 489.22, [M+H}K90.3."H NMR (300 MHz, CDCJ) & (ppm) 1.63-1.76
(m, 6H), 1.86—1.93 (m, 1H), 2.38-2.49 (m, 2H), 2885 (m, 2H), 2.68-2.75 (m, 2H), 3.26—
3.31 (m, 4H), 3.41-3.47 (m, 2H), 4.02-4.11 (m, 16451-6.62 (m, 2H), 7.04—7.18 (m, 3H),
7.71-7.94 (m, 2H), 8.09 (s, 1H), 8.86 (s 8.6 Hz, 1H), 9.11 (s, 1H), 9.40 (s, 1H5C
NMR (75 MHz, CDC}) & (ppm) 24.3, 30.1, 31.0, 48.4, 51.2, 53.2, 55.26,5801.2, 105.8,
106.6, 121.2, 122.6, 122.7, 124.6, 128.4, 128.8.9.2131.8, 132.6, 137.0, 145.0, 157.6,

207.0.

4.2.13. (S)-5-((2-(2-(4-(Benzol[b]thiophen-4-yl)pigein-1-yl)ethyl)azetidin-1-yl)sulfonyl)

quinoline(77)

Brown oil (150 mg, 66% vyield) following chromatogtac purification over silica gel with
CH,Cl,/MeOH (9/0.7); UPLC purity = 99%, & 5.06; GsHNs0,S,, MW 493.64,
Monoisotopic Mass 493.16, [M+H}K93.4."H NMR (300 MHz, CDCJ) & (ppm) 1.74-1.89
(m, 2H), 1.97—2.08 (m, 2H), 2.09—2.22 (m, 2H), 2582 (m, 4H), 3.13-3.17 (m, 4H), 3.57—
3.66 (m, 1H), 3.83-3.93 (m, 1H), 4.41 (qtk 8.2, 4.7 Hz, 1H), 6.88 (dl= 7.6 Hz, 1H),
7.24-7.31 (m, 2H), 7.53-7.62 (m, 2H), 7.82 (d¢; 8.5, 7.3 Hz, 1H), 8.29-8.41 (m, 2H),

9.03 (dd,J = 4.4, 1.5 Hz, 1H), 9.17 (d,= 8.8 Hz, 1H).

4.2.14. (R)-5-((2-(2-(4-(Benzo[b]thiophen-4-yl)pipein-1-yl)ethyl)piperidin-1-yl)sulfonyl)

quinoline(79)

Brown oil (160 mg, 69% vyield) following chromatogtac purification over silica gel with
CH.CI/MeOH (9/0.7); UPLC purity =99%, R 5.14; GgH3.N,0.S,, MW 520.71,
Monoisotopic Mass 520.2, [M+H]521.4.*"H NMR (300 MHz, CDC}) & (ppm) 1.57-1.62
(m, 6H), 1.69-1.81 (m, 2H), 1.87-1.99 (m, 2H), 2232 (m, 2H), 2.47-2.56 (m, 4H), 3.07—

3.18 (m, 4H), 3.85-3.93 (m, 1H), 6.89 (dik 7.8, 0.7 Hz, 1H), 7.29 (i = 7.8 Hz, 1H),
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7.37-7.44 (m, 2H), 7.54-7.63 (m, 2H), 7.81 (d&; 8.5, 7.4 Hz, 1H), 8.31-8.40 (m, 2H),

8.96-9.02 (m, 1H), 9.04 (dd;= 4.2, 1.6 Hz, 1H).

4.2.15. (S)-4-((2-(2-(4-(Benzol[b]thiophen-4-yl)pigein-1-yl)ethyl)azepan-1-yl)sulfonyl)

isoquinoline(82)

Brown oil (180 mg, 73% vyield) following chromatogitac purification over silica gel with
CH.CI/MeOH (9/0.5); UPLC purity = 98%, R 5.21; GgH34N,0,S,, MW 534.74,
Monoisotopic Mass 534.21, [M+HB35.3."H NMR (300 MHz, CDCJ) § (ppm) 1.28-1.40
(m, 2H), 1.43-1.56 (m, 4H), 1.61-1.75 (m, 3H), 2B23 (m, 4H), 2.27-2.38 (m, 4H), 3.00-
3.11 (m, 4H), 3.94-4.13 (m, 2H), 6.86 (& 7.03 Hz, 1H), 7.26 (d] = 15.8 Hz, 1H), 7.33-
7.40 (m, 2H), 7.54 (dJ=8.2 Hz, 1H), 7.71-7.77 (m, 1H), 7.88-7.94 (m,),18.08 (d,

J=8.2 Hz, 1H), 8.62 (d] = 7.6 Hz, 1H), 9.19 (s, 1H), 9.39 (s, 1H).
4.3. In vitro pharmacology
4.3.1. Radioligand binding assays

Radioligand binding assays were employed for dateng the affinity and the selectivity
profile of the synthesized compounds for clonedtssin: 5-HTa, 5-HTza, 5-HTs, 5-HT
and dopamine & receptors which were all stably expressed in HEX&0 CHO-K1 cells.
According to the previously published procedured,28,40,41], the experiments were
carried out using 2.5 nM°fi]-8 OH DPAT (135.2 Ci/mmol) for 5-HLR; 1 nM PH]-
Ketanserin (53.4 Ci/mmol) for 5-HIR; 2 nM PH]-LSD (83.6 Ci/mmol) for 5-HER; 0.8
nM [*H]-5-CT (80.1 Ci/mmol) for 5-HIR or 2.5 nM fH]-Raclopride (76.0 Ci/mmol) for
D2 R.

Non-specific binding is defined with 10 uM of 5-HMh 5-HT;aR and 5-HTR binding

experiments, whereas 10 uM of chlorpromazine, 10 @fMnethiothepine or 10 uM of
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haloperidol were used in 5-HAR, 5-HT¢R and DB, assays, respectively. Each compound
was tested in triplicate at 7-8 concentrations '(£Q0* M). The inhibition constantsk()
were calculated from the Cheng-Prusoff equation. [42

HEK?293 cells with stable expression of human senot&-HT; 4R, 5-HTsR, 5-HT,R or
dopamine R R (all prepared with the use of Lipofectamine 20@@ye maintained at 37 °C
in a humidified atmosphere with 5% @@nd were grown in Dulbeco’s Modifier Eagle
Medium containing 10% dialysed foetal bovine seramd 500 mg/ml G418 sulphate. For
membranes preparations, cells were subculturedicm diameter dishes, grown to 90%
confluence, washed twice with prewarmed to 37°Csphate buffered saline (PBS) and were
pelleted by centrifugation (200 g) in PBS containihl mM EDTA and 1 mM dithiothreitol.
Prior to membrane preparations pellets were stated80°C. CHO-K1 cells with stable
expression of human serotonin 544R were purchased from PerkinElmer BioSignal Inc
and were maintained according to manufacturer’sop.

Cell pellets were thawed and homogenized in 20mekiof assay buffer using an Ultra
Turrax tissue homogenizer and centrifuged twice83at000 g for 20 min at 4°C, with
incubation for 15 min at 37°C in between. The cosifan of the assay buffers was as
follows: for 5-HT;aR: 50 mM Tris—HCI, 0.1 mM EDTA, 4 mM MggI| 10 uM pargyline and
0.1% ascorbate; for 5-BAR: 50 mM Tris—HCI, 0.1 mM EDTA, 4 mM Mggland 0.1%
ascorbate; for 5-HgR: 50 mM Tris—HCI, 0.5 mM EDTA and 4 mM Mgg£lfor 5-HT;,R: 50
mM Tris—HCI, 4 mM MgC}, 10 uM pargyline and 0.1% ascorbate; for doparipdR: 50
mM Tris—HCI, 1 mM EDTA, 4 mM MgCJ, 120 mM NacCl, 5 mM KClI, 1.5 mM Caghnd
0.1% ascorbate.

All assays were incubated in a total volume of 200n 96-well microtitre plates for 1 h
at 37°C, except for 5-HER and 5-HEAR which were incubated at room temperature for 1 h

and 1.5 h, respectively. The process of equilibrats terminated by rapid filtration through
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Unifilter plates with a 96-well cell harvester amadioactivity retained on the filters was

guantified on a Microbeta plate reader.

4.3.2. In vitro functional activity ago-/antagonisior 5-HT;a, 5-HT2s, 5-HTs, 5-HT;, and

D,, D3 receptors

The agonist and antagonist properties of compo®3d§2, 65 against the human 5-HJZ,
5-HT:a, 5-HTe, 5-HT7, D,, and BRs were evaluated in functional cellular assaydppmed
at Eurofins Cerep, using HEK-293 and CHO cells,oatting to experimental conditions
summarized in Table 2-SI, and described online wtvweerep.fr. Additionally, agonist and
antagonist properties of compourt@ against the human 5-HAR were performed at

DiscoverX, according to the experimental conditisaenmarized in Table 2-SI.

4.3.3.Extended in vitro receptor binding and fuotl profile

The percentage of inhibition for selected compoufatsadrenergico, axc B1 and B2RS,
dopaminergidd; and ORs, histamine I muscarinic M, serotoninergic 5-Hig, 5-HTip,
5-HT,c and 5-HERs as well as for monoamine transporters SERT, MEBd DaT were
evaluated at Eurofins Cerep. Experimental condstifmm these assays are described in Table
3-Sl. Additionally, antagonist properties of compdi62 at a4, a,c, Hi, 5-HTig, 5-HTyp,

and 5-Hhc and agonist 5-HE were evaluated in functional cellular assays, graréd at
Eurofins Cerep, using HEK-293 and CHO cells, acogydto experimental conditions

summarized in Table 2-Sl, and described onlinevatvweerep.fr.

4.3.4. Interaction with cytochrome P450 (CYP) isof®
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Experiments were carried out on human cDNA-expeessgtochrome P450 isoforms
(Supersomes) from Corning (Woburn, MA, USA). Theynatic activity was assessed on
the basis of the rate of CYP isoform-specific met&b reactions (caffeine 3-N-
demethylation, diclofenac 4’-hydroxylation, perazinN-demethylation, bufuralol 1'-
hydroxylation and testosteron@-Bydroxylation) as described previously [34]. Tleaations
proceeded in the absence and presence of theigatest compounds, added in vitro at the
following concentrations: 0.01, 0.1, 1, 10, 50 d@® uM. Briefly, the activity of CYP1A2
was studied by measuring the rate of caffeine 3eMethylation at a substrate concentration
of 1 mM, and Supersomes CYP1A2 of 50 pmol/ml. Tetevay of CYP2C9 was studied by
measuring the rate of diclofenac 4’-hydroxylatiaha substrate concentration of i, and
Supersomes CYP2C9 of 100 pmol/ml. The activity dPRC19 was studied by measuring
the rate of perazine N-demethylation at a subst@ateentration of 25QM, and Supersomes
CYP2C19 of 50 pmol/ml. The activity of CYP2D6 wasidied by measuring the rate of
bufuralol 1’-hydroxylation, at a substrate concatitm of 30uM, and Supersomes CYP2D6
of 50 pmol/ml. The activity of CYP3A4 was studieg tmeasuring the rate of testosterofie 6
hydroxylation, at a substrate concentration of 100, and Supersomes CYP3A4 of 100
pmol/ml. An incubation time for all reactions wa8 @in. Caffeine and its metabolite 3-N-
desmethylcaffeine, diclofenac and its metabolitehydroxydiclofenac, perazine and its
metabolite N-desmethylperazine, testosterone asdmétabolite B-hydroxylation were
analyzed by HPLC with UV detection. Bufuralol atsl metabolite 1’-hydroxybufuralol were
analyzed by HPLC with fluorimetric detection. Thatgncy of a compound to inhibit enzyme

activity was expressed as IC50.

4.3.5. Invitro binding to hERG assay
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The propensity of tested compounds to block the dumERG potassium channels was
investigated, in whole cell Patch Clamp assay inOZkl cells with expression of hERG

channels, by BLIRT, Gdak, Poland.

4.3.6 Metabolic stability

Test compounds incubation (20 uM) with RLM (0.4 mf/was performed in 100 mM
potassium phosphate buffer (PB), pH 7.4, at 37°Clf® min in a final reaction mixture
volume of 150 pl. The reaction was initiated by #dition of an NADPH-regenerating
system (NADP, glucose-6-phosphate, glucose-6-platsptichydrogenase in 100 mM PB,
pH 7.4) to the incubation mixture. The blank prolghout the NADPH — regenerating
system was performed in parallel [43,44]. Subsetyethe samples53, 62) were incubated
at 37°C for 5, 15, 30, 60, 90, and 120 min withtBeeshaking. Next, an internal standard
(pentoxiphylline, 20 uM) was added. The reactiors w@minated at different time points
with perchloric acid (69-72%, by volume). Theregft@l samples were centrifuged and the
supernatant was analyzed using UPLC/MS in ordedei®rmine the quantity of starting
material left in solution. All samples were preghne duplicate.

The in vitro half-time (,) for test compounds was determined from the stifpiae linear
regression of In % parent compound remaining vemsagbation time. The calculateg,t
was incorporated into the following equation toasbtintrinsic clearance () = (volume of

incubation [pl]/ protein in the incubation [mg])0<693/t,,.

4.4. Safety cardiology

4.4.1. ECG in guinea pigs
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Electrocardiographic measurement was carried outguthe ASCARD (Mr Blue)
apparatus, standard lead IlI, and paper speed om®s@s. The tested compound were
administered intraperitoneally.d.) into guinea pigs as suspension in TWEEN at dose
mg/kg. The observation ECG was made for 80 mindites the injection. The ECG
recording was carried out immediately in 10, 20, 380, 50, 60, 70 and 80 min after
administration of the tested compounds. Male guiniga were anaesthetised with urethan
(1.4 g kg', i.p.). The data are expressed as the iteSEM. The statistical significance was

calculated using a one-way ANOVA and Dunnett test.

4.4.2. The effect on blood pressure in rats

The normotensive male Wistar rats (body weight 280-g) were anesthetized with
thiopental (70 mg/kg) byi.p. injection. The left carotid artery was cannulatedth
polyethylene tubing filled with heparin solution saline to facilitate pressure measurements
using PowerLab Apparatus (ADInstruments). Blood spuee was measured: before
administration of the compounds — time 0 min (coinpressure) and 60 min thereafter.
Experimental groups consisted of six animals e@dmpounds were dissolved in water and

administered intravenously.

4.5. The effect on prolactin level

Male Wistar rats were orally administered eithehigke (Tween 1%) or tested compounds.
Sixty minutes after administration blood were ool from tail vein into a 1.5 ml
Eppendorf tube containing 28 EDTA. Blood was immediately mixed with EDTA and

centrifuged at 12 000 rpm for 15 minutes. The sognt was collected in another tube as
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plasma, and were stored in a deep-freezer untiluse prolactin level in the plasma samples
were measured using an ELISA kit (Thermo Fishee@dic). The statistical significance of

differences between two groups was assessed [Stukent’s t test.

4.6. Behavioral test

The experiments were conducted in accordancetiwtiNIH Guide for the Care and Use
of Laboratory Animals and were approved by the &l@ommittee for Animal Experiments,
Institute of Pharmacology. Male Sprague—Dawley (@tisarles River, Germany) weighing
~150 g at the arrival were housed in the standalbdrhtory cages, under standard colony
A/C controlled conditions: room temperature 21 €2humidity (40-50 %), 12-hr light/dark
cycle (lights on: 06:00) with ad libitum accessftmd and water. Rats were allowed to
acclimatize for at least 7 days before the starthef experimental procedure. During this
week animals were handled for at least 3 timesafiehal testing was carried out during the
light phase of the light/dark cycle. At least 1 éfdre the start of the experiment, rats were

transferred to the experimental room for acclinmatio

4.6.1. Drug treatment

Unless stated otherwise, all drugs were obtainedh fSigma—Aldrich (Poznan, Poland).
All drugs were dissolved in physiological salinedadministered intraperitoneally.) in a
volume of 1 ml/kg. Haloperidol was initially disseld in 5 microliter of glacial acetic acid,

supplemented with physiological saline and brougla neutral pH with 1 N NaOH.

4.6.2. Preliminary behavioral evaluation: a commmn of doses affecting spontaneous

activity with phencyclidine (PCP)-induced hyper+aity
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Both spontaneous and PCP-induced locomotor activdye measured automatically in
Opto-Varimex-4 Auto-Tracks (Columbus Instrumentshi®® USA) located in sound-
attenuated and ventilated boxes [45]. The AutoKiBgstem sensed the motion with a grid
of infrared photocells (16 beams per axis) surrcumthe arena.

The compounds were administered 30 min before nqaitie rats individually in auto-tracks
for 30 min of spontaneous locomotor activity measuent. Thereafter the rats were removed
from the boxes, injected with phencyclidine hydiocide (PCP), at a dose of 5 mg/lgx()
and then the PCP-induced locomotor activity wassmes for 30 min, starting 15 min after
rat reintroduction to the auto-tracks. The datar(ber of counts) collected every 5 min are

presented as the total distance traveled.

4.6.3. Preliminary behavioral evaluation: Novel et recognition (NOR) test as a tool

assessing the pro-cognitive drug action in phendyet (PCP)-disturbed conditions

The protocol described earlier was adapted fromatiginal work [31,45]. Rats were
tested in a dimly lit (25 Ix) “open field” apparatumade of a dull gray plastic (66 x 56 x 30
cm). After each measurement, the floor was cleametidried. The procedure lasting for 2
days consisted of the habituation to the test afesthout any objects) for 5 min. The test
session comprising of two trials separated by aer4tmial interval (ITl) of 1 h was carried
out on the next day. During the first trial (faratization, T1) two identical objects (A1 and
A2) were presented in the opposite corners of frendield, approximately 10 cm from the
walls. During the second trial (recognition, T2)oof the A objects was replaced by a novel
object B, so that the animals were presented wghA=familiar and B=novel objects. Both
trials lasted for 3 min and the animals were regdrto their home cages after T1. The objects

used were the glass beakers filled with the grawel the plastic bottles filled with the sand.
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The heights of the objects were comparable (~12amd)the objects were heavy enough not
to be displaced by the animals. The sequence skptations and the location of the objects
was randomly assigned to each rat.

The animals explored the objects by looking, ligkisniffing or touching the object while
sniffing, but not when leaning against, standingitting on the object. Any rat exploring the
two objects for less than 5 s within 3 min of T1 T was eliminated from the study.
Exploration time of the objects and the distan@vdled were measured using the Any-
maze® (Stoelting Co., IL, USA) video tracking systéBased on exploration time (E) of two
objects during T2, discrimination index (DI) wadatdated according to the formula: DI =
(Es—Ea)/(Eat+AB), where K is defined as the time spent exploring the famdigject and E

is the time spent exploring the novel object, retipely.

Phencyclidine (PCP), used to attenuate learning,adaninistered at the dose of 5 mg/kg (IP)
45 min before familiarization phase (T1). The connpas were administrateg., 1 hour and

15 min before T1.

4.6.4. Advanced behavioral evaluation: Conditioagdidance response test

As described earlier [45], the training and theingswere performed in four shuttle boxes
(Med Associates, Inc, USA). Each box (44 x 21 xch® housed in the ventilated, sound-
isolated cubicles and was divided in two equalé&izempartments by the guillotine doors
[36]. The rats were allowed to move freely from @oenpartment to another at any time. The
position of animal was tracked by 8 photocellsacteof the boxes. A cue light was situated
on the wall opposing the compartment entry.

The training and testing sessions were starteddésenting the conditioned stimulus (CS, the
light) for 10 s, followed by unconditioned stimul(l4CS, continuous foot shock of 0.25 mA

at the start of training, and 0.37 mA at the endraining and during the tests) for the
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maximum of 10 s. The procedure was repeated wittni&@ daily with an intra-trial interval

of 20-40s. If a rat moved from one compartment theoother within 10 s of CS presentation,

it avoided the foot shock and this shuttle responas recorded as avoidance. If the rat
remained in the same compartment for more than d&@dsmade a crossing upon receiving

the foot shock, this response was recorded as apeslf the rats did not respond neither
during the 10 s of CS nor by 10 s of UCS, the twals terminated and the failure was

recorded. About 12-15 training sessions (during Reeks) was needed to start the tests.
Approximately 20% of the rats has dropped off dyitine training. The test was started if the

rats reached the stable avoidance level of abo% &0 two subsequent days. The rats were
used several times with 7 days a drug-free pereadiden tests. Drugs were administered 30-

60 minutes before the tes.

4.6.5. Advanced behavioral evaluation: social iattion in ketamine-disturbed conditions

(a measure of “negative” symptoms of schizophrenia)

The experiments were conducted in the open fidda(57 x 67 x 30 cm) made of black
Plexiglas, as described earlier [46]. The arenaduady illuminated with an indirect light of
18 Lux. The behavior of the rats was recorded by tameras placed above the arena and
connected to the Noldus MPEG recorder 2.1. Videesevanalyzed off-line by the Noldus
Observer XT, version 10.5.

Rats were individually housed for 5 days prior te start of the procedure. On the fifth
day of social isolation, all rats were transfertedhe experimental room and individually
adapted to the open field arena for 7 min. Aftedy#ne rats were handled, weighed and half
were dyed with a gentian violet (2% Methylrosanidim chloride) on the rear part of the

body. On the test day (the sixth day of socialagoh), two unfamiliar rats of matched body
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weight (+/-5 g), one white and one dyed, were planethe open field arena and their
behavior was recorded for 10 min. Both rats in \@egipair received the same treatment.
Social interaction time was measured for each epasately and expressed as a summed
score per each pair of rats. The following actigeia behaviors were scored: sniffing (rat
sniffs the conspecific’s parts of the body, inchglithe anogenital region), social grooming
(rat licks and chews the fur of the conspecifiojldwing (rat moves towards and follows the
other rat), mounting (rat stands on the conspégiback) and climbing (rat climbs over the
conspecific's back). The time of active social babes was summed to yield a total score.
Because both animals in a pair yielded approximpagual scores (for either total time spent
in social interactions or separate social behayjiscial interaction time was expressed as a
summed score for each pair of animals.

Ketamine at a dose of 20 mg/kgp() was given 30 min before the test. The test

compounds were given 30-60 mirp() before the ketamine injections.

4.6.6. Advanced behavioral evaluation: Catalepsytbat

One hour.p. drug administration, the catalepsy, a prolongedchiteaance of an externally
imposed abnormal posture, was assessed by meatise dbar test [47]. Testing was
accomplished by placing each rat in an upright tposiwith his forepaws resting on a
horizontal bar (0.9 cm of diameter), suspended moaden frame 7.5 cm above the cage
floor. The rat was allowed to keep his forepawgthanbar for a measurement lasting for 30 s.
The latency to remove both rat’'s forepaws from blae was measured with a hand-held
stopwatch. The test was repeated for each aninesy 80 min up to 240 min. Animals were
returned to their home cages between the testh EBhavas tested twice, in the interval of

one week.
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4.6.7. Advanced evaluation of pro-cognitive effactthe attentional set shifting test (ASST)

The ASST assesses cognitive flexibility, i.e., @tdity to modify behavior in response to
alterations in the relevance of stimuli [39]. Inisthparadigm, rats must select a bowl
containing a food reward (Honey Nut Cheerio, N&j}leased on their ability to discriminate
the odors associated with the pot and the diggiediathat covered the Cheerio bait in the
pot.

The ASST requires rats to initially learn a ruleldarm an attentional “set” within the same
stimulus dimensions. At the extra-dimensional (EDijft stage, the essential phase of the
task, the animals must switch their attention tpreviously irrelevant stimulus dimension
and, for example, discriminate between the odots raot between the media covering the
bait. The animal’s performance at the ED stag®isitered an index of cognitive flexibility.
A detailed description of the apparatus and proaetas been provided previously [48].

The procedure for each rat entailed three daysitualon, training and testing. During a
single test session, the rats performed a serie¥ dafiscriminations. In the simple
discrimination (SD) that involved only one stimullisnension, the pots differed along one of
two dimensions (e.g., digging medium). For the com discrimination (CD), the second
(irrelevant) dimension (i.e., odor) was introducbkdt the correct and incorrect exemplars of
the relevant dimension remained constant. Forekersal of this discrimination (Rev 1), the
exemplars and relevant dimension were unchangedhbeipreviously correct exemplar was
now incorrect and the previously incorrect exemplas now correct. The intra-dimensional
(ID) shift was then presented; this shift consistétiew exemplars of both the relevant and
irrelevant dimensions, with the relevant dimens®maining the same as before.

The ID discrimination was then reversed (Rev 2)tlsat the formerly positive exemplar

became the negative one. This series of discrimoimatserves to progressively form an
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attentional set. For the ED shift, a new pair céraplars was again introduced, but this time,
a relevant dimension was also changed. At thisnéiséghase of the task, animals must
switch their attention to a previously irrelevaritmailus dimension and, for example,
discriminate between the odors and not betweemtidia covering the bait. Finally, the last
phase was the reversal (Rev 3) of the ED discritiena

On the test day, the rats received ketamine (0Oomfy/kgs.c) 75 min prior to the task,
whereas compoun@?2 (1.0 mg/kg) was administered intraperitoneailp.] 30 min prior to
the ketamine injection. The number of animals ioheexperimental group was N = 6. Each

rat was tested only once.

4.6.8. Statistics

Behavioral data were analyzed with Student’s pairEbsts (objects exploration in NOR),
one-way ANOVA (spontaneous activity, PCP-inducegdrgctivity, Discrimination Index in
NOR, CAR avoidances, escapes, failures, IT-crosses}way repeated measures ANOVA
(social interaction: treatment x ketamine; catajepgseatment x time; ASST: treatment x
phase) or three-way mixed-design ANOVA (blood puess systolic/diastolic x time x
treatment), followed by Newman-Keul’'s or Dunnetpsst hoc test (IBM/SPSS 21 or Prism

5.0 for Windows). The alpha value was set at P<0.05

4.7. Pharmacokinetic studies for compo@ad

Experiments were carried out on male Wistar ra2f, 2250 g (Charles River Laboratory,
Germany), having free access to food and tape wRtds received the compou6d per os

(9 mg/kg) and were decapitated in different timernvals (2, 5, 10, 15, 20, 30, 45 min, 1, 2,
4, 6, 12, 24 h). After decapitation the blood saaphere centrifuged (2000 g, 10 min). The

obtained blood plasma was separated and stor@dd® -until used for analysis. Brains were
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stored at -80°C until homogenized and analyzedhferconcentration of compounds. Plasma
and brain concentrations 62 were analyzed using LC-MS/MS system. Kinetic paetars

were calculated using Winnolin Noncompartmental l§sia Program.

Abbreviations used:

AcOH Acetic acid; AcOEt Ethyl Acetate; Boc, terttbyycarbonyl; CECOOAg Silver
trifluoroacetate; DMSO dimethylsulfoxide; #&t triethyl amine; EtOH Ethanol, ED diethyl
ether; THF tetrahydrofuran; Hex n-Hexane; LiAlHMithium Aluminium Hydride; MED,
minimum effective dose; MeOH Methanol; NaBH(OAdodium triacetoxyborohydride;
NMDA N-methyl-D-aspartate; PCP Phenciclidine; TFAiflioroacetic acid; WCST,

Wisconsin Card Sorting test
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level assay, PCP-induced hyperactivity test, nosfgject recognition task, conditioned

avoidance response test, ketamine-disturbed soteahction test, catalepsy test, attentional

set-shifting test.

References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

P. Seeman, T. Lee, M. Chau-Wong, K. Wong, Asyighotic drug doses and
neuroleptic/dopamine receptors, Nature 261 (19718)-719.

Diagnostic and statistical manual of mentaloditers, 5th edition, Am. Psychiatr.
Assoc. Press. Washingt. DC. (2013).

D.E. Casey, Clozapine: neuroleptic-induced ER#Sd tardive dyskinesia,
Psychopharmacology (Berl). 99 Suppl (1989) 47-53.

K.J. Moore, K.E. Lookingland, Dopaminergic nenal system in the hypothalamus, In
Bloom FE, Kupfer DJ (eds), Psychopharmacol. Fo@#mer. Progress. Raven Press
New York. (1994) 245-256.

H.Y. Meltzer, S. Matsubara, J.C. Lee, Classifion of typical and atypical
antipsychotic drugs on the basis of dopamine Dy and serotonin2 iy values, J.
Pharmacol. Exp. Ther. 251 (1989) 238-246.

H.Y. Meltzer, R. Mills, S. Revell, H. WilliamsA. Johnson, D. Bahr, J.H. Friedman,
Pimavanserin, a serotonmreceptor inverse agonist, for the treatment okipaon’s
disease psychosis, Neuropsychopharmacology. 3®)B&1-892.

J. Ichikawa, Z. Li, J. Dai, H.Y. Meltzer, Atypal antipsychotic drugs, quetiapine,
iloperidone, and melperone, preferentially incredggamine and acetylcholine release
in rat medial prefrontal cortex: role of 5-kl receptor agonism, Brain Res. 956
(2002) 349-357.

F. Artigas, Future directions for serotonin arttidepressants, ACS Chem. Neurosci. 4
(2013) 5-8.

F. Del Bello, A. Bonifazi, M. Giannella, G. Gigioni, A. Piergentili, R. Petrelli, C.
Cifani, M.V. Micioni Di Bonaventura, T.M. Keck, AMazzolari, G. Vistoli, A. Cilia,

42



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

E. Poggesi, R. Matucci, W. Quaglia, The replaceno¢ihe 2-methoxy substituent of
N-((6,6-diphenyl-1,4-dioxan-2-yl)methyl)-2-(2-methghenoxy)ethan-1-amine
improves the selectivity for 5-HX receptor over alphal-adrenoceptor angdlike
receptor subtypes, Eur. J. Med. Chem. 125 (2013)2#4.

B.L. Roth, S.C. Craigo, M.S. Choudhary, A. BtuF.J.J. Monsma, Y. Shen, H.Y.
Meltzer, D.R. Sibley, Binding of typical and atyaic antipsychotic agents to
5-hydroxytryptamine-6 and 5-hydroxytryptamine-7apiors, J. Pharmacol. Exp. Ther.
268 (1994) 1403-1410.

A. Nikiforuk, The procognitive effects of 5-HTeceptor ligands in animal models of
schizophrenia, Rev. Neurosci. 25 (2014) 367-382.

M. Hotuj, P. Popik, A. Nikiforuk, Improvemermtf ketamine-induced social withdrawal
in rats: the role of 5-HAreceptors, Behav. Pharmacol. 26 (2015) 766—775.

A. Nikiforuk, T. Kos, K. Fijal, M. Hotuj, D. Rfa, P. Popik, Effects of the selective
5-HT; receptor antagonist SB-269970 and amisulpride atarkine-induced
schizophrenia-like deficits in rats, PLoS One. 81(2) e66695.

M.J. Millan, A. Andrieux, G. Bartzokis, K. Cadhead, P. Dazzan, P. Fusar-Poli, J.
Gallinat, J. Giedd, D.R. Grayson, M. Heinrichs,K&hn, M.O. Krebs, M. Leboyer, D.
Lewis, O. Marin, P. Marin, A. Meyer-Lindenberg, FlicGorry, P. McGuire, M.J.
Owen, P. Patterson, A. Sawa, M. Spedding, P. Uk|l@aVaccarino, C. Wahlestedt,
D. Weinberger, Altering the course of schizophrepigress and perspectives, Nat.
Rev. Drug Discov. 15 (2016) 485-515.

B.A. Ellenbroek, Psychopharmacological treatinef schizophrenia: what do we
have, and what could we get?, Neuropharmacology2@22) 1371-1380.

P. Zajdel, K. Marciniec, G. Satata, V. Canale,Kos, A. Partyka, M. Jastfaska-
Wiesek, A. Wesotowska, A. Baska-Ziobron, J. Wojcikowski, W.A. Daniel, A.J.
Bojarski, P. Popik,N;-Azinylsulfonyl-1H-indoles: 5-HFE receptor antagonists with
procognitive and antidepressant-like propertiesSA®ed. Chem. Lett. 7 (2016) 618—
622.

P. Zajdel, K. Marciniec, A. Mdankiewicz, K. Grychowska, G. Satata, B. Duszka,
T. Lenda, A. Siwek, G. Nowak, A. Partyka, D. Wrgbl. Jastrgzbska-Wesek, A.J.
Bojarski, A. Wesotowska, M. Pawtowski, Antidepresisand antipsychotic activity of
new quinoline- and isoquinoline-sulfonamide analogf aripiprazole targeting
serotonin 5-HTA/5-HT2a/5-HT; and dopamine D3 receptors, Eur. J. Med. Chem.
60 (2013) 42-50.

43



[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

M. Frigerio, M. Santagostino, S. Sputore, AeuBiendly entry to 2-lodoxybenzoic
acid (IBX), J. Org. Chem. 64 (1999) 4537-4538.

A. Maslankiewicz, K. Marciniec, M. Pawtowski, P. Zajdélrom haloquinolines and
halopyridines to quinoline- and pyridinesulfonyl latdes and sulfonamides,
Heterocycles. 71 (2007) 1975-1990.

M. Scholl, T.M. Trnka, J.P. Morgan, R.H. Grighhincreased ring closing metathesis
activity of ruthenium-based olefin metathesis gatfsl coordinated with imidazolin-2-
ylidene ligands, Tetrahedron Lett. 40 (1999) 22£25Q

T. Ye, M.A. Mckervey, Organic synthesis withdg&zocarbonyl compounds, Chem.
Rev. 94 (1994) 1091-1160.

H. Ballesteros, J.A. Weinstein, Integrated noels for the construction of three
dimensional models and computational probing aficstire-function relations in G
protein-coupled receptors, Methods Neurosci. 29%)366—-428.

M. Michino, T. Beuming, P. Donthamsetti, A.Newman, J.A. Javitch, L. Shi, What
can crystal structures of aminergic receptorsuslbabout designing subtype-selective
ligands?, Pharmacol. Rev. 67 (2015) 198-213.

P. Zajdel, K. Marciniec, A. Mdankiewicz, G. Satala, B. Dusiska, A.J. Bojarski, A.
Partyka, M Jastebska-Wesek, D. Wrébel, A. Wesotowska, Quinoline- and
isoquinoline-sulfonamide derivatives of LCAP as gt CNS multi-receptor
5-HT1a/5-HT24/5-HT; and DB/Ds/D, agents: the synthesis and pharmacological
evaluation, Bioorg. Med. Chem. 20 (2012) 1545-56.

M.L. Lopez-Rodriguez, B. Benhamu, M.J. Morailll. Tejada, D. Avila, I. Marco, L.
Schiapparelli, D. Frechilla, J. Del Rio, Benzimidbz derivatives. Part 5: design and
synthesis of new benzimidazole-arylpiperazine @erves acting as mixed 5-HA/
5-HTj; ligands, Bioorg. Med. Chem. 12 (2004) 5181-5191.

P. Zajdel, R. Kurczab, K. Grychowska, G. Satal. Pawtowski, A.J. Bojarski, The
multiobjective based design, synthesis and evaoadf the arylsulfonamide/amide
derivatives of aryloxyethyl- and arylthioethyl-pnines and pyrrolidines as a novel
class of potent 5-Hireceptor antagonists, Eur. J. Med. Chem. 56 (2848)-360.

R. Perrone, F. Berardi, N.A. Colabufo, M. Letgn, V. Tortorella, 1-aryl-4-[(5-
methoxy-1,2,3,4-tetrahydronaphthalen-1-yl)alkylgrigzines and their analogues:
influence of the stereochemistry of the tetrahydpidrithalen-1-yl nucleus on 5-klI
receptor affinity and selectivity versus alphal dhdreceptors, J. Med. Chem. 42
(1999) 490-496.

44



[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

A. Fletcher, D.J. Bill, S.J. Bill, I.A. CliffeG.M. Dover, E.A. Forster, J.T. Haskins, D.
Jones, H.L. Mansell, Y. Reilly, WAY100135: a noveglective antagonist at
presynaptic and postsynaptic 5-HTreceptors, Eur. J. Pharmacol. 237 (1993) 283—
291.

H.Y. Meltzer, M. Horiguchi, B.W. Massey, Thele of serotonin in the NMDA
receptor antagonist models of psychosis and cegnitiimpairment,
Psychopharmacology (Berl). 213 (2011) 289-305.

S.D. Gleason, H.E. Shannon, Blockade of phelnipe-induced hyperlocomotion by
olanzapine, clozapine and serotonin receptor sebsglective antagonists in mice,
Psychopharmacology (Berl). 129 (1997) 79-84.

A. Ennaceur, J. Delacour, A new one-trial testneurobiological studies of memory
in rats. 1: Behavioral data, Behav. Brain Res.1388) 47-509.

K. Hashimoto, Y. Fujita, E. Shimizu, M. lyohEncyclidine-induced cognitive deficits
in mice are improved by subsequent subchronic adtration of clozapine, but not
haloperidol, Eur. J. Pharmacol. 519 (2005) 114-117.

V. Setola, S.J. Hufeisen, K.J. Grande-Alleriyésely, R.A. Glennon, B. Blough, R.B.
Rothman, B.L. Roth, 3,4-methylenedioxymethamphetem{MDMA, “Ecstasy”)
induces fenfluramine-like proliferative actions boman cardiac valvular interstitial
cells in vitro, Mol. Pharmacol. 63 (2003) 1223-1229

A. Basiiska-Ziobron, W.A. Daniel, J. Wojcikowski, Inhibitioof human cytochrome
P450 isoenzymes by a phenothiazine neuroleptiontepoomazine: an in vitro study,
Pharmacol. Rep. 67 (2015) 1178-1182.

J.G. Shin, N. Soukhova, D.A. Flockhart, Effe¢tantipsychotic drugs on human liver
cytochrome P-450 (CYP) isoforms in vitro: preferahinhibition of CYP2D6, Drug
Metab. Dispos. 27 (1999) 1078-1084.

M.L. Wadenberg, P.B. Hicks, The conditionedialance response test re-evaluated: is
it a sensitive test for the detection of potengiatypical antipsychotics?, Neurosci.
Biobehav. Rev. 23 (1999) 851-862.

D.A. Grant, E.A. Berg, A behavioral analysisdegree of reinforcement and ease of
shifting to new responses in a Weigl-type cardisgrproblem, J. Exp. Psychol. 38
(1948) 404—411.

B.J. Elliott, R.; McKenna, P.J.; Robbins, T;VBahakian, Specific neuropsychological
deficits in schizophrenic patients with preserveateliectual fucntion, Cogn.
Neuropsychiatry. 3 (1998) 45-70.

45



[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

J.M. Birrell, V.J. Brown, Medial frontal cortemediates perceptual attentional set
shifting in the rat, J. Neurosci. 20 (2000) 4322413

A.J. Bojarski, M.T. Cegla, S. Charakchieva-glinM.J. Mokrosz, M. Mékowiak, S.
Misztal, J.L. Mokrosz, Structure-activity relatidmg studies of CNS agents. Part 9:
5-HT1a and 5-HT, receptor affinity of some 2- and 3-substituted,3,£-tetrahydro-
beta-carbolines, Pharmazie. 48 (1993) 289-294.

M.H. Paluchowska, R. Bugno, B. Dus$ska, E. Tatarcaska, A. Nikiforuk, T.
Lenda, E. Chojnacka-Wdjcik, The influence of mathfions in imide fragment
structure on 5-Hia and 5-HT receptor affinity and in vivo pharmacological
properties of some new 1-(m-trifluoromethylphenigigrazines, Bioorg. Med. Chem.
15 (2007) 7116—7125.

Y. Cheng, W.H. Prusoff, Relationship betweée inhibition constantK(;) and the
concentration of inhibitor which causes 50 per dehtbition (lsg) of an enzymatic
reaction, Biochem. Pharmacol. 22 (1973) 3099-3108.

J. Huang, L. Si, Z. Fan, L. Hu, J. Qiu, G. In,vitro metabolic stability and metabolite
profiling of TI0711 hydrochloride, a newly develdpeasodilatoryB-blocker, using a
liquid chromatography-tandem mass spectrometry oggeth. Chromatogr. B. Analyt.
Technol. Biomed. Life Sci. 879 (2011) 3386—3392.

L. Di, E.H. Kerns, Y. Hong, T.A. Kleintop, Q.JMcConnell, D.M. Huryn,
Optimization of a higher throughput microsomal giabscreening assay for profiling
drug discovery candidates, J. Biomol. Screen. 832@53-462.

P. Popik, M. Hotuj, A. Nikiforuk, T. Kos, R. rullas, P. Skolnick,
1-aminocyclopropanecarboxylic acid (ACPC) producesocognitive but not
antipsychotic-like effects in rats, Psychopharmagypl(Berl). 232 (2015) 1025-1038.
A. Nikiforuk, M. Hotuj, T. Kos, P. Popik, Theffects of a 5-H{ receptor antagonist
in a ketamine-based rat model of cognitive dysfimncand the negative symptoms of
schizophrenia, Neuropharmacology. 105 (2016) 35Q0-36

I.D. lonov, N.N. Severtsev, Somatostatin aotagt potentiates haloperidol-induced
catalepsy in the aged rat, Pharmacol. Biochem. Bel@8 (2012) 295-298.

A. Nikiforuk, K. Gotembiowska, P. Popik, Mazol attenuates ketamine-induced
cognitive deficit in the attentional set shiftingask in rats, Eur.
Neuropsychopharmacol. 20 (2010) 37-48.

46



ACCEPTED MANUSCRIPT

Figure 1.

5-HTg¢R antagonist
=N
o, e
0 o

J N O N F

\ \N N/S
DR antagonists |
o x (J
X—( N
.y 4oL

= -0 H Cl Ziprasidone

g Qf’\”m\y\
Q o = NON %
Q/\;O\ AN O ©

5-HT, 4R agonist Bifeprunox

SB-269970 D,R partial agonists
S s
o H 0"

) o J

Eltoprazine Brexpiprazole

47



Scheme 1.
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Table 1.

Q
530
N O
Qtw/\N '
38-70 T
Compd Q Enant| Y Ar S
38 5-Quinolyl S HN,/<O 0.7
39 4-Isoquinolyl N \(jo 0.69
40 4-Isoquinolyl | R | 0.72
41 5-Quinolyl 0.88
42 4—Is?)quinc>>llyl S \& 0.91
43 5-Quinolyl R N 0.82
44 | 4-Isoquinolyl I 0.84
45 5-Quinolyl s = 0.73
46 4-Isoquinolyl \EQ 0.84
47 | 5-Quinolyl Cl L 0.76
48 | 4-Isoquinolyl R |n 0.72
49 5-Quinolyl S Fl 147 12 169 | 12 [ 1.7| 0.9
50 4-Isoquinolyl CH N|~o 111 6 137 | 0.4 | 0.1 0.82
51 5-Quinolyl R \Y; 120 5 45 12 | 2 | 0.95
52 5-Quinolyl 25 16 311 7 1 | 0.87
53 4-Isoquinolyl | s 37 13 313 9 |0.14 0.80
54 | 5-Isoquinolyl \r@ 37 18 | 360 | 12 |0.5| 0.83
55 | 5-Quinolyl N ”‘\S; 24 | 21 | 38 | 1 |07]|084
56 4-lsoquinolyl | R 14 10 40 3 |09 0.88
57 5-Isoquinolyl 16 15 40 1 |03 0.82
58 5-Quinolyl S \@ 179 49 291 7 4 | 0.6
59 4-1soquinolyl N Nl\o 96 33 497 6 3 | 0.88
60 | 5-Isoquinolyl | R VI 86 41 92 10 | 3 | 0.87
61 5-Quinolyl 13 36 82 19 | 16 | 0.95
62 4-Isoquinolyl | S _ 18 9 116 | 19 | 11| 1.01
63 | 5-Isoquinolyl \(g(\s 0.97
64 | 5-Quinolyl N 0.86
65 4-Isoquinolyl | R Vi 0.92
66 5-Isoquinolyl 0.93
67 5-Quinolyl S — 0.89
68 4-Isoquinolyl N \&NH 0.95
69 5-Quinolyl R i 0.78
70 4-Isoquinolyl 0.84
Haloperidol 0.81
Clozapine 1.1
Risperidone 1.01
Ziprasidone 0.96
Olanzapine 1
Aripiprazole 0.79
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2K, values are the means of three independent bireipgriments (SEM: 21%)

® Atypically ratio = fKi(5-HT,a)/ pKi (D,);

Compound multimodality color code: low affinik > 500nM; moderate affinity 50 nM K; < 500 nM; high
affinity K; < 50 nM
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ACCEPTED MANUSCRIPT

Table 2.

Q
520
(0]

. /\N/\\
3 \\/N\A

71-82 r

X a
Compd Q N |Enant| Ar Ki [nM] 3

71 5-Quinolyl
72 4-Isoquinolyl

73 5-Quinolyl \FQ
74 | 4dsoquinoyl|] ° | R | ™

75 5-Quinolyl

76 4-Isoquinolyl
77 5-Quinolyl

78 4-Isoquinolyl —

: S
79 5—Qum.olyl ) R \é\
80 4-Isoquinolyl

81 | 5-Quinolyl Vil
82 4-Isoquinolyl
2K; values are the means of three independent birekpgriments (SEM: 21%)
® Atypically ratio = fKi(5-HT)/pK; (D,);

Compound multimodality color code: low affinit > 500nM; moderate affinity 50 nM K; <500 nM; high
affinity K; < 50 nM
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Table 3.

ECso [NM] Kp [NM] ]
0 2 a o4inhi ; c
Compd (Yoago@ 10€’M) (%inhib @ 10e°M)
5-HT1a 5-HT;a 5-HToa 5-HTe  5-HT, D, D3
11 2.0 974 2.5 0.42 8.6
53 (5.3) (87)  (100) (23)  (100)  (100)  (100)
Antag  Antag Antag Antag  Antag
28.3 35.6 2.3 920 3.4 3.0 92
62’ (40.6) (32.5) (100) (23) (94) (92) (73)
partial Ago Antag Antag  Antag Antag  Antag
11 9.5 53 0.47 0.74
65 (36) (80) (100) (73) (100) (100) (78)
partial Ago Antag Antag Antag Antag  Antag

3 ECs value or % of control agonist response atMQ8-OH-DPAT 10 uM) performed at Eurofins

Cerep

PEC,, andK, for 62 values performed in GAMP assays at DiscoverX, USA

¢ Kp value or % inhibition of control agonist respomﬂ;eio6 M (5-HT — serotonin 300 nM; 5-HK
— serotonin 100 nM; 5-HfTand 5-HT, — serotonin 300 nM; P- dopamine 30 nM; - dopamine 10
nM), performed at Eurofins Cerep
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Table 4.

MED [mg/kgF Index MED [mg/kg]
Compd :
Sedation ECP-indgc_ed Ml\lgEDPgio-liﬁjouncéd NOR
yperactivity hyperactivity
53 3 1() 3 1
56 2 Inactive (1-3 mpk) - NT
62 3 1() 3 1
65 3 Inactive (1-3 mpk) 1 NT
Clozapine 3 100 3 1
Haloperidol 0.06 0.6]0 0.1 Inactive (0.05)
Olanzapine 1.25 1.873) 0.66 1.25
Ziprasidone 3 1)) 3 1

MED represents minimum effective do8€ompounds were administergpl. 60 min before the test;

® not tested;, decrease antl increase of PCP-induced hyperactivity, respectivebr detailed data
and statistics, see the Supplementary material
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Table 5.

MED [mg/kg]

L Ketamine-
Compd AVSQ'::;C%CAR: Failures sKgé?aTwifr;Ignggid Catalepsy disturbe((aj
ASST
53 3 No effect (3) 3 30 NT
62 3 No effect (3) 1 Inactive (30) 1

Clozapine 1 No effect (6)  Inactive (1) NT NT
Haloperidol 0.1 0.2 Inactive (0.1) 0.2 NT
Olanzapine 1 No effect (2) NT 40 NT
Risperidone 0.1 No effect (0.3) 0.1 NT NT
Ziprasidone 1 2 Inactive (1) Inactive (30)  NT

MED represents minimum effective dds€ompounds were administereg. 60 min before the test.
Note 2 mg/kg aripiprazole (Figure 19-Sl) inhibited &etine-induced social deficit but was not
investigated in other tests
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Table 6.

%inhib b c
Ki [nM Ky [NM
Receptor @ 10° M* [nM] » [M]
62
(127 94 - 13 (Antag)
Oac 99 - 120 (Antag)
P2 31 - -
P> 25 - -
D, 10 - -
D, 100 11 3.0 (Antag)
D3 98 - 92 (Antag)
D, 10 — 4
Hi 96 - 25 (Antag)
M, 6 - —
5-HT1a 100 18 28.3 (Partial ago)
5-HT4g 84 - 210 (Antag)
5-HT1p 95 - 2.8 (Antag)
5-HT 100 9 2.3 (Antag)
S-HTzp 100 - (14% agonist effect)
S-HT2c 80 - 24 (Antag)
5-HT; 15 - -
5-HTg 23 116 920 (Antag)
5-HT, 100 19 3.4 (Antag)
SERT 84 76 -
NET 11 - -
DAT 19 - -

29 inhibition of control binding @ ™
P K; values are the means of three independent biredipgriments (SEM: 21%)
°K, value or % inhibition of control agonist respoiaséd 0°M (for details see Table 2-Sl)
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List of captions

Figure 1. Multireceptor design strategy used in the presertys

Scheme 1Synthesis of azinesulfonamides of cyclic amine@ives 38—82. Reaction and
conditions: i) LiAIH; 2.0 M in THF, anh CbkCl,, 55°C, 4 h, (yields 68-99%);
il) 2-iodoxybenzoic acid (IBX), DMSO, r.t., 12 h, ¢lds 64—73%)jii) arylpiperazines or
arylpiperidines or tetrahydropirydines, NaBH(OAG\CcOH, THF, r.t., 4 h, (yields 62—-89%);
iv) TFA/CH.CI, (80/20 v/v), r.t., 2 h, (yields 96-99%y) azinesulfonyl chloride, BN,

CH,Cl,, 0°C, 2-6 h (yields 60-80%).

Scheme 2.Synthesis of §-(Boc-azepan-2-yl)acetic acidb)( Reaction and conditions:
i) BogO, K,COs, H,O/(CHs),CO, r.t., (yield 70%)ji) allyl bromide, NaH, THFO°C then
reflux, 12 h, (yield 61%)iii ) Grubbs second-generation catalyst (3 mmol%),@§ 36°C, 3
days (yield 67%)jv) H,, Pd/C, EtOH/THF/HO (20/20/1;viviv), 40°C, 3 h, (yield 96%))
EtsN, THF, methyl chloroformate, 0°C, 40 min, then 8k in EtO, -30°C, 1 h, and 12 h r.t.

(yield 90%);vi) CFCOOAg, EtN, THF, -5°C thenr.t., 1.5 h (yield 83%).

Table 1.Structures and receptor binding profiles of comus88—-70

Table 2. Structures and receptor binding profiles of comu®#i-—82.

Table 3.Functional profile of selected compoured 62 and65for 5-HTa, 5-HT,a, 5-HTs,

5-HT5, D,, and I3 receptors.

Table 4. Behavioral effects of selected compoun8l8 56, 62 and 65 and model

antipsychotics in in vivo preliminary assays.

Table 5. Behavioral effects 063 and 62 on conditioned avoidance response (a measure of

“positive” symptoms of schizophrenia), social irtetions in ketamine-disturbed conditions
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(a measure of “negative” symptoms of schizophreaia catalepsy (extrapyramidal side-

effects).

Table 6.Extended receptor binding profile and functionalfppe for 62
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Highlights:

>

>

Putative novel atypical antipsychotics with mu#zeptor profile

Compounds2 showed favorable ADME properties

Compound62 produced no catalepsy, demonstrated low cardiat heyperprolactinemia
liability

Compounde2 addressed “positive”-like symptoms of schizophaeaid displayed pro-social

and pro-cognitive profile



