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Abstract

Arylpiperazine2-11 were synthesized, and their biological profilesiadrenergic receptorsX-
ARSs) assessed by binding assays in CHO cells esipgebuman cloned subtypes and by functional
experiments in isolated rat vas deferexisA), spleen ¢1B), and aortao(1D). Modifications at the
1,3-benzodioxole and phenyl phamacophoric unitsltes in the identification of a number of
potent compounds (moderately selective with respedhe alb-AR), in binding experiments.
Notably, compound7 (LDT451) showed a subnanomolaKjpof 9.41 towardsola-AR. An
encouragingly lowernlB-potency was a general trend for all the seriesampounds, which
showedalA/D over alB selectivity in functional assays. If adequateptimized, such peculiar

selectivity could have relevance for a potentialllS/BPH therapeutic application.



1. Introduction

al-Adrenergic receptorsaf{-ARs?), activated by norepinephrine (NE), play importaales in
cardiovascular and urogenital physioldgythey also represent one of the most investigated
families of class A G protein coupled receptors G&B).

The family encompasses at least three distinctypebt (1A, a1B, andalD), which differs for
their biological structure, tissue distributionsiapmacological properties, and signal transduction.
In the past, studies aimed to assess the speaffictibnal responses mediated by eadhAR
subtype have been hindered by the lack of trulyymesselective drugsMore recently, studies on
genetically modified mice lacking or overexpressamg or morexl-AR subtypes have shed some
light on the functional roles played by distincteptors. However, our understanding on the
functional implications ofi1-AR heterogeneity in physiological systems id gtiiite limited?

In addition to their importance from a chemicallbgy perspectivepl-ARs are validated drug
targets for current drug discoveryindeed, several studies confirmed thdtARs are critically
involved in benign prostatic hyperplasia (BPH), éstpnsion, prostate cancer, and other diseases
representing currently unmet medical netds.

In particular, the alpha-blocker therapy for BPHwdad in the mid 1970s with the use of
nonselective agents, such as phenoxybenzamine.thidrapeutic options have then expanded
significantly, giving rise to the receptor-specifitpha-blockers that encompass nowadays the first
line of therapy. They treat the dynamic componenBBH by blockingal-receptor-mediated
sympathetic stimulation to relax the smooth musoleghe prostate. Tamsulosin (Fig. 1) is a
subtype-selectivelA- andalD-adrenoceptor antagonist that demonstrated aalyastover older

and less selective agenitis the management of patients with lower urinaagt symptoms (LUTS)

a Abbreviationsia1-ARs,al-adrenergic receptors; BPH, benign prostatic Ipipsia; CHO,
Chinese hamster ovary; GPCRs, G protein couplegpters; HBA, H-bond acceptor; IR, infrared,;
LUTS, lower urinary tract symptoms; MW, microwaWE, norepinephrine; SAR, structure-
activity relationships.
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associated with BPRISilodosin (Fig. 1) is a recently approwebA antagonist that exhibits an even
improved selectivity among thel-adrenoceptor subtypes. Its exceptionally highitro selectivity

for alA- versusalB-adrenoceptors, likely accounts for the very fabte tolerability profilé.
Indeed, both preclinical and clinical studies supploe assertion that silodosin markedly reduces
dynamic neutrally mediated smooth muscle relaxaitotine lower urinary tract while minimizing
undesirable effects on blood pressure regulation.

All in all, the search for newl-antagonists as both molecular prébasd drug candidates is still
an active area of medicinal chemistry research.

Arylpiperazines represent one of the most studiasises ofil1-AR antagonists. This class includes
a considerable variety of compounds that are ckeniaed by a common arylpiperazine scaffold,
linked through a proper polymethylene spacer tdouar heteraromatic moietiésin previous
works, some of us reported that a series of 1-dpgrerazines bind with high affinity tel-ARs in
both binding and functional assajn particular, the congener carrying a 2-methoxypth moiety

on the piperazine ring and a 1,3-benzodioxole sscand pharmacophoric unit, named LASSBio-
772 L in Chart 1), was the most active of the series. lingtba remarkablel of 9.85 for the rat
alA-AR, a value similar to that displayed by tamsino(pK; = 9.89)? The measurediy of 8.25
for thealB-subtype gave raise to 40-fold higher affinity dd A-AR. 1 also presented high affinity
(pKg = 10.60) for thexlD-AR subtype in the functional rat aorta assagyshg to be equipotent to
tamsulosin (Kg = 10.78)’

A similar high activity towardsxlA-AR was found for another 1-(2-methoxyphenyl)pgzne
derivative developed by some of us. LDT66° In particular, this derivative simultaneously
blocked both thelA- andalD-adrenoceptors and the 5-HT1A recepiarsitro andin vivo, and
has therefore been proposed as a multi-targetdif@rthe treatment of BPH and LUTS.

These recent findings prompted us to investigatetindr derivatives ol have the capacity for
more selective discrimination among the differeitAR subtypes. Thus, we thought of interest to

verify if modification in the 1-(2-methoxyphenyljg@razine group and/or in the 1,3-benzodioxole



moiety could lead to an improvement of the affirptpfile for al-adrenoceptors, and, hopefully, of
the therapeutic application. Particularly (Chartthe 2-methoxy substituent dfwas replaced with

an ethoxyor isopropoxy one to increase at different extaatdteric hindrance and the hydrophobic
properties of the parent compound. To note, therggmoxy substituent has revealed a key feature of
some known potent and selectiv&-adrenoceptor antagonists!? In addition, we evaluated the
effects of opening the 1,3-benzodioxole ring, bgtegsizing the corresponding acyclic analogues,
with different H-bond acceptor (HBA) contributiomatterns. Here we report the synthesis of
compound£-11 together with their affinity profiles assessedhayding assays in cells expressing
human clonedi1-AR subtypes, and by functional experiments idatgal rat vas deferenalp),
spleen ¢1B), and aortaolD). Their putative binding mode at the three spbsywas also explored,

by molecular modeling simulations.

2. Chemistry

The novel series of derivative®-11) were prepared by straightforwardy2S methodologies,
exploiting phenethyl bromidesl2-1§ and 1-(2-alkoxyphenyl)piperazined7¢19 as starting
reagents (Scheme 1).

The required 5-(2-bromoethyl)-1,3-benzodioxol€)(was synthesized through the reduction of
(1,3-benzodioxol-5-yl)acetic aci@@) with lithium aluminum hydride in tetrahydrofuratg afford
the alcohoR1® in 98% yield. Next, treatment &fL with CBr, and triphenylphosphine in acetonitrile
furnished the target bromide in 76% yield (Scheme 2). Conversely, the unsultsti-phenethyl
(13), 3-methoxyphenethyl 14), 4-methoxyphenethyl 16) and 3,4-dimethoxyphenethyl1§)
bromides were commercially available.

As for the 1-(2-alkoxyphenyl)piperazine startinggments, 1-(2-methoxyphenyl)piperazitizand
1-(2-ethoxyphenyl)piperazinel8 were purchased by commercial vendors, wheré&a&-

isopropoxyphenyl)piperazink9 was synthesized as previously reported.



Bromides 12-16 were then converted into final compoun@sll following nucleophilic
displacement with the proper 1-(2-alkoxyphenyl)pgzéne (7-19 in acetonitrile, under irradiation

in a microwave (MW) oven (operating at 2.45 GHZ) #8) for 4 minutes (Scheme 1).

All compounds described herein gave analytical spekctral data in agreement with the proposed

structures.

3. Biology

3.1 Binding ExperimentsFirst, the affinity profile of compound2-11 was evaluated by
radioreceptor binding assays usibgand tamsulosin as reference compoundd]Hrazosin was
used to labebl-adrenoceptor binding sites on membranes of Ceihasster ovary (CHO) cells
expressing humanla, alb, andald-adrenoceptor subtypddinding affinities were expressed as
pK; values derived using the Cheng—Prusoff equat®previously reportetf

3.2 Functional StudiefReceptor subtype selectivity of compoud® and11 was also determined
at a;-ARs on different isolated rat tissues, usih@nd tamsulosin as reference standasighR
subtypes blocking activity was assessed by antagorof (-)-NE-induced contraction of rat
prostatic vas deferensiA), rat spleend1B), or thoracic aortao(LD). The potency was expressed
by the Kz value (with the exception of compouid according to van Rossum, and was calculated
at the lowest antagonist concentration giving anifigant rightward shift of the agonist
concentration-response curve [log (concentratitio rel) > 0.5]. For compound pA; values at all

adrenoceptor subtypes were calculated from Sclold p

4. Results and discussion

Our main goal in this study was to explore strugtaictivity relationships (SAR) around LASSBiIo-
772, a highly potent a;-AR antagonist. We thus sought to assess how madifythe
pharmacophoric features &f i.e. the 1,3-benzodioxole and the phenylpiperazineeties, could

affect the antiadrenergic profile. To this end, itif@bitory affinities of2-11 were first evaluated on



human recombinant;-AR. For a better comparison of the resultgnd tamsulosin were used as
reference compounds (Table 1). To note, the intnpiprofile of 1 on human cloned receptors has
never been reported before. However, with humaeptec clones available, collecting data from
single human proteins from the inception of a prbjeould be undoubtedly more relevant from a
drug discovery point of view.

As matter of fact, we should remark tHashowed a significant affinity profile even at huma
subtypes, witlK; values in the single-digit nanomolar range. Asardgas selectivity]l displayed a
slightly higher affinity for thenld-adrenoceptor with respectdda andalb subtypes (2.5- and 4-
fold, respectively). Next, the data obtained fompound?2 clearly highlight the role of the 1,3-
benzodioxole moiety of. Indeed, the presence of an unsubstituted pherylim 2 and 8 resulted

in a general drop of affinity with respect to trenkodioxole derivative (compatess2 and7 vs8).
This drop was more marked for théb-subtype, giving raise to a slight selectivityioga

An encouragingly lowenlb-affinity was a common trend for all the compaosindhich, likel,
showed a similar (albeit modesila/d overalb selectivity. This is a positive feature for the
potential application of these molecules in thatireent of BPH, as it leads to a reduced incidence
of cardiovascular side-effects (see below).

Conversely, the opening of the dioxole ring, affogd3-methoxy- 4, 9), 4-methoxhy- %, 10) or
3,4-dimethoxy-phenyl derivative$,(11), only slightly affected inhibition. Intriguinglythe 3,4-
disubstituted phenyl turned out an optimal substitufor ald recognition, with compouné
resulting the most active of the series againg thibtype. In details, it showed an excellent
subnanomolar affinity, with alf of 9.22, higher than that &f(pK; of 8.90).

To examine the influence of the 2-phenyl substitwenthe affinity and selectivity of Lassbio-772
at 0;-AR, 3 and 7 were synthesized. As expected, the stericallyibulR-isopropoxy moiety o¥
(adopted from RWJ 37914)was superior to the less bulky 2-etho8y ¢r 2-methoxy 1) for both
ala-AR binding affinity (K = 9.41 nM for7 vs 8.95 for3 or 8.46 forl) and selectivity ¢latlb

32-fold versus 5-fold or 1.5-foldylanld = 0.2-fold versus 0.5-fold or 2.5-fold, respeely).



Indeed,7 was the most activela-ligand, confirming that this substituent canirogtly fit in a
hydrophobic subpocket, which is peculiar to tika-subtype. Conversely, the slightly reduced
potency of7 at alb-subtypeould be related to the increased steric hindraficke isopropoxy in
comparison with the methoxy moiety hfat this receptor site.

In summary, in binding assays the optimizatiorhatX, Y, and R positions df (Chart 1) resulted

in the identification of a number of equally org$ltly more potent and more selective compounds
thanl with respect to thelb-AR.

Motivated by these interesting results, the syngeelscompounds were also tested in functional
assays for their activity atl-AR subtypes in isolated rat prostatic vas defeighA-AR), spleen
(¢1B) and thoracic aortax{ AD-AR). Their [Kg values, along with those dfand tamsulosin, are
listed in Table 2. We were pleased to observe dihatompounds, in analogy with what reported
for 1,° behaved as competitive antagonists. In fact, tmeentration—response curves of reference
agonists after and before incubation with the testmpounds were parallel with no reduction of
the maximal effect, and the shift produced was priignal to the concentrations used.

However, we should highlight that in our harideesulted significantly less potent in blocking NE-
induced contractions of rat thoracic aorta stripant what was reported befdréne possible
explanation for the difference observed in the stialies could be attributed to the different tissue
preparation and the experimental conditions chaséme assays. In particular, in the rat aortgpstri
preparation all endothelium is preliminary removeg, rubbing the luminal surface, in order to
avoid the slight endothelium-dependent vasorelaratirough the stimulation @fLD-AR located

on endothelial cells> Moreover, the presence of cocaine, a known intvibitf NE reuptake,
provides a higher endogenous agonist concentratidhe receptor, influencing the dose-response
curve.

Encouragingly, 1 exhibited a functional profile very similar to thalisclosed in binding
experiments. However, the results obtained in fonal assays did not match the affinity profile

observed in binding studies for all the synthesidedvatives. It can be easily seen thidg palues



derived from functional experiments of compouritdd and 8, 9 and 11 are quantitatively in
disagreement with binding affinities. In particylar general lower affinity with respect to that
found in binding occurred at thlD-AR subtype. Conversely, functional profileséo&nd7 differ
from binding data both qualitatively and quantitaty. Specifically,6, in functional assays, showed
a decrease in affinity at thelD-AR together with a consistent concomitant insesat thenlA-

AR, resulting in an inversion of the selectivityofile. On the other hand, showed a negative shift

in potency atilA of 14-fold (K of 9.41vs pKg of 8.27).

As previously proposed by Melchiorre et ‘Blthe apparent discrepancy between binding and
functional data can be explained by consideringfétiewing: (i) these compounds act as inverse
agonists, and hence their affinity is system-depan@just as does observed potency for positive
agonists)’; (i) receptor form homo- and/or heterodimers, &etice native receptors in functional
tissues can be organized differently than cloneeprs (iii) species differences (humasrat) ;

(iv) a different bioavailability of the compoundssthe receptor level.

To rule out the first possibility, for compour®] pA, values at all adrenoceptor subtypes were
calculated from Schild pldf: *® Results showed that behaves as competitive antagonist.aé
adrenoceptor with a p2of 8.38 + 0.11, but it is a not a competitive gaiaist at the other subtypes.
These findings allow excluding that it acts as rarerse agonist since inverse agonist binds to the
same agonist receptor binding-site and the incredsgonist concentration restores the receptor
activity. On the other hand, a non-competitive gatast may not interact with the same
neurotransmitter binding-site and it is impossitdenave the full response of the receptor even in
the presence of high concentration of agonist.oimctusion, the different behavior of compound

in binding and functional assays could be duedanteraction with a binding site different from
that of NE o 1B, andolD adrenoceptor subtypes.

To get further clues on these issues, we undedocking simulations for molecul@s-11 by using

AR homology models. As further discussed in thepsuiing information (see also), we noticed

that the ligands can assume two predominant “symecaét binding poses, depending on the
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contact of the protonated nitrogen (ammonium hed#lol: first is characterized by canonical
interaction with Asp106 and Tyr316, while the setanvolves a similar dyad of interacting
residues (Glul80 and GInl177); in both cases, ttent can establish a key ion-pair reinforced by
H-bonds. Also the two lateral pockets accommodaitiregphenyl rings showed a certain degree of
symmetric similarity. As exemplified fa® in Figure2A, a first binding mode is stabilized by the
key ion-pair between the ammonium head and Asp&fd8@orced, as mentioned above, by a H-
bond with Tyr316. The phenethyl group is insertetd ia lateral subpocket where it can stabitize

n stacking interactions with Phe288 and Phe289 oeietl by hydrophobic contacts with Vall107
and 1le178, while the methoxy substituent can ehtbonds with Ser188 and Serl92 plus apolar
interactions with the above cited alkyl side chaiRsally, the phenyl ring connected to the
piperazine is harbored within the second laterdlpsaket where it is engaged in stacking
interactions with Phe86 and Trp102, while the isppxy group elicits a H-bond with GIn177 plus
hydrophobic contacts with Phe308 and the carbotetke of Lys309. The second “symmetric”
binding mode observed f& is depicted in Figure 2B and is stabilized by fokowing set of
contacts: (1) the ion pair between the ammoniund leea Glu180 reinforced by a H-bond with
GInl177; (2) the phenethyl group approaches Phe86Tgnl02 and the methoxy substituent elicits
a H-bond with Ser83 and (3) the phenyl ring conegdb the piperazine contacts Phe288 and
Phe289 and the isopropoxy group stabilizes H-bondk Serl88 and Serl92. A systematic
analysis of the best computed poses for all siradldigands revealed that the two different
arrangements (and so the different contacts) oathmonium head is the distinctive feature which
characterizes the monitored binding modes, whiesecific pose of the two aromatic systems can
vary, depending on their steric hindrance and tbegpacity to stabilize H-bonds.

The possibility of two distinct arrangements withigh the ammonium head interacts with tia
binding site is particularly relevant when considgrthat the role of Aspl106, despite being the
most conserved negatively charged residue amona@rtheergic GPCRs, is largely debated. The

available mutational analyses reported contradict@sults and, in particular, a recent study
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unambiguously demonstrated that mutations involvikgpl106 have no significant effects on
antagonists’s affinity? The here reported existence of an alternative tivedya charged residue
(Glu1l80) which can replace Aspl06 might explain #t#l questioned role of Aspl06, thus
suggesting that the two described binding modes ezprally contribute in determining ligand
affinity. Clearly, the specific role of the two limg modes in influencing the ligand potency
remains to be clarified. To this end, a correlaawvalysis was performed, which suggest that both
binding modes contribute to ligand affinity (see t8l for experimental details) even though that
involving Asp106 seems to play a predominant role.

The correlations involving the potency values shiifferent trends, since the relationship involving
the pose with Asp106 is clearly better than theesponding correlation with affinity values, while
those involving the second binding mode or the ayervalues perform largely worst. Taken
together, these results suggest that the poteralynigst exclusively induced by the pose involving
Aspl06 and, more importantly, the remarkable cati@h involving the difference values
underlines that the other possible poses represside effect, the stability of which reduces the
measured potency. Overall, these results mightagxphe above mentioned contradictory results
coming from mutagenesis and suggest that, whiléighed affinity benefits of all binding modes a
ligand can assume, the ligand potency is stronglyeddent by selected effective poses (such as
that involving Aspl106). This also suggests thatlihand potency can be optimized by rendering
less favored the binding modes not involving AsplE& example, the notable potencydandl11l
seems to indicate that an increased steric hindrandoth phenyl systems tends to disfavor the
ineffective pose involving Glul80. Such a symmetnichitecture of the binding site, despite less
noticeable, is still present imlb andald subtypes as evidenced by the corresponding migcki
results which can be found in SI.

We also performed than silico physico-chemical profiling (solubility, ionizatipripophilicity,
permeability) of the newly synthetized compoundgedict their pharmacokinetic properties (see

Table 2 in SI).
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Finally, to get preliminary clues on the cellulaiofile of the current series, the effect Bfon
prostate cell growth was evaluatedvitro. Indeed, previous studies reported that treatmeRC-3
prostate cancer cells with-antagonists doxazosin and terazosin results igrafisant loss of cell
viability, whereas tamsulosin had no effétin agreement with these findings, we did not obser
any antiproliferative effect for compourrdin a range of concentration from 0.01 to,ld. These
data seem to confirm that the described capalafityhibiting prostate cell growth is independent
from the az-antagonist properties, and it likely resides ie tffuinazoline chemotype common to

doxazosin and terazosin.

4. Conclusions

In the current work, we have described a serienafel 1-phenylpiperazines related to hit
compoundl, which show high affinity and potency toward$-adrenoceptors. The added SAR
trends help to define the structural features m@dlin optimal recognition at the different recepto
subtypes for this class of molecules. The investgaof the binding mode fo2-11 provides an
explanation for these results, and the molecuksigiis of receptor-ligand interactions gained from
the performed docking study can be exploited ferdavelopment of novel derivatives. Of note, the
ala/d overalb selectivity disclosed for most of the compoundieit modest, could have
relevance for a potential LUTS/BPH therapeutic egaplon. This is because of the proposed more
beneficial treatment effects deriving from the preftial antagonism of thelA-adrenoceptor,
which relieves the voiding symptoms due to the @éadoutlet obstruction mediated by prostate
smooth muscle contraction, and from a concomitfat&ve antagonism towards thdD subtype,
which alleviates the symptoms of bladder fillingt the same time, the lower activity at th&B-
adrenoceptor of the arterial vessels should mirerthiz blood pressure-related adverse effects, such
as orthostatic hypotensian.

Indeed, compound (LDT8) has been selected for a more detailed paaohogical characterization

aimed to disclose its therapeutic potential in tteatment of BPH' Notably, it showed a low
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affinity (micromolar range) for receptors unrelatedBPH such as2A-adrenoceptors, muscarinic
and 5-HT2A receptors, which is a desirable prafileerms of putative side effects.

Based on the considerations above and also comgjdénre simpler and achiral structures of the
current phenylpiperazines with respect to thoseatad for BPH i(e. tamsulosin and silodosird;

11 provide a good starting point in the design ofel@analogues for BPH.

5. Experimental

5.1. Chemistry. General information

Melting points were determined on a Quimis MQAPR 2pparatus and are uncorrected. Infrared
(IR) spectra were obtained on a Perkin Elmer — 8pecBX infrared spectrophotometéH and

3C NMR spectra were recorded on Bruker Avance DRX60MRX300 instruments. Chemical
shifts () are expressed in parts per million relative terinal tetramethylsilane; coupling constants
(J) are in Hertz. Microanalyses were obtained witherfifofinnigan EA1112 analyzer, using a
Metler MX5 electronic balance. Reactions were mlyf monitored by thin-layer chromatography
(TLC) in silica gel (F254 Silicycle plates) and tpeoducts visualized with iodine or ultraviolet
lamp (254 and 365 nm). For normal pressure and fadumn chromatography purifications,
Silicycle silica gel type 60 (size 70-230 and 23®4nesh, respectively) was used. Unless stated
otherwise, starting materials used were high-gremramercial productsThe purity of the final
compounds was assessed by a Biotage Isolera OrenSasd was found > 95%. HRMS spectra
were acquired on a TripleTof 5600+ (Sciex, Onta@l@nada) by flow injection analysis using a
liquid chromtographer (Eksigent UltraLC 100, Sciegj to a flow rate of 0.3mL/min. A DuoSpray
lon Source (Esl) source was used and MS spectra agguired in positive mode in a 100 — 1000
Da mass range using external calibration. Acqoisifparameters were: TEM 450, GS1 45, CUR
25, GS2 50, ISVF 5500 and DP 80. Product ion seas acquired with CE 45 and CES 20. Data

were analyzed using the PeakView v2.1 software.
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5.2. General procedures of synthesis and specata d

5.2.1 Synthesis of 2-(1,3-Benzodioxol-5-yl)eth&i®)°

To a suspension of lithium aluminum hydride (0.5148.00 mmol) in anhydrous THF (20 mL) a
solution of the acid20 (3.00 mmol) in anhydrous THF (10 mL) was addedpdise over 15
minutes. After 4 hours, the excess of reductivenageas quenched with methanol (1 mL) and
10% aqueous NaOH solution (2 mL) until formation afiminum hydroxide, which was
neutralized with 10% aqueous hydrochloric acid sotu(ca. 5 mL). The obtained mixture was
extracted with ethyl acetate (3 x 15 mL) and thelosimed organic extracts were washed with
brine and concentrated at reduced pressure afi@ngdover anhydrous sodium sulfate. The
residue was purified by chromatography (silica g@€HCKL/EtOH 100:1) to give the
corresponding primary alcoh@ll as a yellow oil; 0.489 g (98%); Rf = 0.5 (CHEtOH 20:1);

IR (film, cm™) 3351, 2883, 1607, 1503, 1489, 1442, 1247, 140NMR (CDCk): & 1.87 (br;
1H, ArCH,CH,OH); 2.76 (t,J = 6.5 Hz, 2H, ArCHCH,OH); 3.78 (t,J = 6.5 Hz, 2H,
ArCH,CH,0OH); 5.91 (s, 2H, OCpD); 6.65 (ddJ = 7.8 Hz,J = 1.6 Hz, 1 H, 4); 6.71-6.70 (m,
1H, 2°); 6.75 (d,J = 7.8 Hz, 1H, 5).*C NMR (CDCE): & 38.6 (ArCHCH,OH); 63.5
(ArCH,CH,OH); 100.6 (OCHO); 108.1 (CH, 2’); 109,1 (CH, 5); 121,7 (CH, 6332,0 (C, 1";

145,9 (CH, 4’); 147,5(CH, 3");

5.2.2 Synthesis of 5-(2-Bromoethyl)-1,3-benzode{idl)

To a solution of alcohd1 (1.00 mmol) in anhydrous acetonitrile (2 mL) trgotylphosphine (0.26

g, 1.00 mmol) was added. The reaction was mairdaae¥C, while tetrabromomethane (0.33 g,
1.00 mmol) was slowly added, protected againstligi®, and followed by warming to room
temperature, under vigorous stirring and nitrogenoaphere for 24 hours. The solvent was then
evaporated and the residue was purified by chrognapdhy (silica  gel,

hexane- dichloromethane chloroform) to givel2 as a yellow oil; 0.174 g (76%); Rf = 0.62

(CHCL/EtOH 20:1); IR (film, crif) 2943, 2895, 1500, 1490, 1444, 1049;NMR (CDCL): 5 3.07
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(t, J = 6.0 Hz, 2H, ArCHCH,Br), 3.51 (t,J = 6.0 Hz, 2H, ArCHCH,Br), 5.94 (s, 2H, OC}HD),
6.67-6.76 (m, 3H, 2', 5’ e 6')**C NMR (CDC}): & 33.3 (ArCHCH,Br), 39.1 (ArCHCH,Br),
101.0 (OCHO), 108.4 (CH, 2'), 109.0 (CH, 5), 121.7 (CH, 6132.7 (C, 1), 146.4 (C, 4’), 147.7

(C 3

5.2.3 Synthesis of 1-(2-(1,3-Benzodioxol-5-yl)gthy(2-methoxyphenyl)piperazing) (

1 was synthesized according to published procetifes 0.55 (CHGYEtOH 20:1), mp 90-92C;
IR (KBr, Cm'l) 3022, 2951, 2804, 1586, 1494, 1459, 1445, 1324511135, 1038, 752H NMR
(CDCl): & 2.59-2.83 (m, 8H, ArChCH,N (4H) e NCHCH;NAr (4H)); 3.11-3.16 (m, 4H,
NCH,CH,NAr); 3.75 (s, 3H, OCH); 5.91 (s, 2H, OCHD); 6.65-6.69 (m, 1H, 6'); 6.73 (m, 1H, 2");
6.75 (d,J = 7.7 Hz, 1H, 5'); 6.85-6.88 (m, 1H, 6); 6.91-7@8, 3H, 3, 4 e 5)*3C NMR (CDCE): &
33.1 (ArCHCH:N); 50.4 (NCHCH:N); 53.1 (NCHCH,N); 55.2 (ArOCH); 60.6 (ArCHCH,N);
100.6 (OCHO); 108.0 (CH, 2’); 109.0_(CH, 5’); 111.0 (CH, 3)18.0 (CH, 6); 120.8_(CH, 5);
121.2 (CH, 6); 122.7 (CH, 4); 133.9 (C, 1'); 1414, 1); 145.6 (C, 4); 147.3 (C, 3'); 152.1 (Ar-

C, 2). HRMS (ESI) calcd for £gH24N203 [M + H] " 341.1867, found 341.1860.

5.2.4 General procedure for the synthesis of 1{k&»eyphenyl)piperazine derivativez-11)

In an Ace pressure tube, the corresponding brori@el6) (1.00 mmol), 1-phenylpiperazine
derivatives 1{7-19) (1.25 mmol), triethylamine (1.25 mmol), and acetide (0.5 mL) were added.
The mixture was then irradiated in the microwaverooperating at 2.45 GHz, 450 W) for 4
minutes (4 x 1’). At the end of this time the sa@uatwas concentrated in a rotatory evaporator,
solubilized in dichloromethane and mixed with siliggel. The material was purified by
chromatography (silica gel, dichloromethanehloroform) to give the desired -(2-

alkoxyphenyl)piperazine derivative.

5.2.4.1 1-(2-Methoxyphenyl)-4-phenethylpiperaziiedT2)
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Prepared by nucleophilic substitution of bromid8) (with 1-(2-methoxyphenyl)piperazin&?), as

a oil; 0.275 g (93%); Rf = 0.38 (CH{EtOH 20:1); IR (film, cnT) 2942, 2808, 1594, 1500, 1309,
1240, 1026*H NMR (CDCh): 8 2.72-2.78 (m, 2H, ArCKCH,N), 2.83 (br, 4H, NCBHCH,N), 2.90-
2.95 (m, 2H, ArCHCH,N), 3.20 (br, 4H, NCKCH,N), 3.88 (s, 3H, OCH), 6.87-6.89 (m, 1H, 6);
6.92-7.05 (m, 3H, 3, 4 e 5); 7.20-7.34 (m, 5H, Z, 4', 5, 6'); *C NMR (CDCE): 5 33.4
(ArCH,CH,N), 50.5 (NCHCH,NAr), 53.5 (NCHCH,NAT), 60.6 (ArCHCH;N), 111.5 (CH, 3),
118.5 (CH, 6), 121.2 (CH, 5), 123.2 (CH, 4), 1263 4’), 128.6 (2CH, 3, 5), 128.9 (2CH, 2', 6'),
140.1 (C, 1), 141.3 (C, 1), 152.5 (C, 2); HRMS (E&alcd for GgH24N-O [M + H]" 297.1969,

found 297.1961.

5.2.4.2. 1-(2-(1,3-Benzodioxol-5-yl)ethyl)-4-(2@tiphenyl)piperazine8( LD T8)

Prepared by nucleophilic substitution of bromid&) (with 1-(2-ethoxyphenyl)piperazind§), as a
oil; 0.330 g (93%); Rf = 0.40 (CHEEtOH 20:1); IR (film, cm') 3022, 2951, 2804, 1586, 1494,
1459, 1445, 1314, 1245, 1135, 1038, 7%2: NMR (CDCk): & 1.46 (t,J = 6.0 Hz, 3H,
ArOCH,CH3), 2.61-2.66 (m, 2H, ArCKHCH;N), 2.76-2.81 (m, 4H, NC)CH,N e 2H,
ArCH,CH:N), 3.16 (br, 4H, NCKHCH,N), 4.07 (g,J = 6.0 Hz, 2H, ArOCHCH;), 5.92 (s, 2H,
OCH,0), 6.66-6.76 (m, 2H, 6, 2), 6.78-6.99 (m, 5H, 8! 4, 5, 6)23C NMR (CDCE): 5

HRMS (ESI) calcd for @H.6N,03 [M + H]* 355.2023, found 355.2016.

5.2.4.3. 1-(3-Methoxyphenethyl)-4-(2-ethoxypheimydéazine 4, LDT243)

Prepared by nucleophilic substitution of bromidd) (with 1-(2-ethoxyphenyl)piperazind§), as a
white solid; 0.231 g (68%); Rf = 0.40 (CH{EtOH 20:1); mp 58-59C; IR (KBr, cm) 2943,
2813, 1592, 1495, 1452, 1238, 1028; NMR (CDCh): 6 1.47 (t,J = 6.9 Hz, 3H, ArOCHCHj3),

2.73-2.94 (m, 8H, ArChCH;N, NCH,CH;N, ArCH,CH:N), 3.22 (br, 4H, NCBCH:N), 3.81 (s,
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3H, OCHy), 4.08 (gJ = 6.9 Hz, 2H, ArOCHCH;), 6.77 (dd,J = 8.1 Hz,J = 2.4 Hz, 1H, 4"), 6.81-
6.87 (m, 3H, 2', 6, 6), 6.91-6.97 (m, 3H, 3, 4, )23 (t,J = 7.8 Hz, 1H, 5)*C NMR (CDC}): &
15.1 (ArOCHCHs), 33.3 (ArCHCH,N), 50.3 (NCHCH;N), 53.5 (NCHCH,N), 55.3 (OCH 3),
60.5 (ArCHCH;,N), 63.7 (ArOCHCHs), 111.7 (CH, 4’), 112.7 (CH, 3), 114.7 (CH, 2'},8.3 (CH,
6), 121.2 (CH, 5), 121.3 (CH, 6"), 123.0 (CH, 229.6 (CH, 5'), 141.2(C, 1), 141.5 (C, 1), 151.7

(C, 2), 159.9 (C, 3'); HRMS (ESI) calcd fopBlgN,0, [M + H]* 341.2231, found 341.2224.

5.2.4.4 1-(4-Methoxyphenethyl)-4-(2-ethoxypheng®razine §, LDT244)

Prepared by nucleophilic substitution of bromidg) (with 1-(2-ethoxyphenyl)piperazind§), as a
white solid; 0.286 g (84%); Rf = 0.40 (CH{EtOH 20:1); mp 48-49C; IR (KBr, cm®) 2973,
2947, 2814, 1609, 1589, 1307, 1245, 10#4; NMR (CDChk): & 1.47 (t,J = 6.8 Hz, 3H,
ArOCH,CHsz), 2.67-2.70 (m, 2H, ArCHCH,N), 2.79 (br, 4H, NCHCH,N), 2.83-2.86 (m, 2H,
ArCH,CH,N), 3.20 (br, 4H, NCHCH.N), 3.80 (s, 3H, OCH), 4.08 (g,J = 6.8 Hz, 2H,
ArOCH,CHs), 6.85-6.86 (m, 3H, 3, 5, 6), 6.91-6.99 (m, 38,4, 5), 7.16 (dJ = 8.2 Hz, 2H, 2,
6'). 3C NMR (CDCE): & 15.1 (ArOCHCHs), 32.6 (ArCHCH,N), 50.5 (NCHCH,N), 53.5
(NCH,CH,N), 55.4 (OCH 4'), 60.9 (ArCHCH;N), 63.7 (ArOCHCHz), 112.6 (CH, 3), 114.0
(2CH, 3, 5), 118.3 (CH, 6), 121.1 (CH, 5), 12ZCH, 4), 129.8 (2CH, 2’, 6'), 132.3 (C, 1), 141.4
(C, 1), 151.7 (C, 2), 158.1 (C, 4'); HRMS (ESI) adlfor G1H»sN»0, [M + H]* 341.2231, found

341.2224.

5.2.4.5 1-(3,4-Dimethoxyphenethyl)-4-(2-ethoxyphpiperazine 6, LDT245)

Prepared by nucleophilic substitution of bromidé)(with 1-(2-ethoxyphenyl)piperazind §), as
an oil; 0.256 g (69%); Rf = 0.40 (CHZEtOH 20:1); IR (film, cnt) 2927, 2827, 1609, 1582, 1304,
1241, 1028;*H NMR (CDCk): & 1.48 (t, 3H,J = 6.93 Hz, ArOCHCHs), 2.68-2.73 (m, 2H,
ArCH,CH,N), 2.77 (br, 4H, NCHCH;N), 2.82-2.89 (m, 2H, ArCKCH,N), 3.19 (br, 4H,

NCH,CH:N), 3.81 (s, 3H, OCH), 3.81 (s, 3H, OCH), 4.09 (q,J = 6.90 Hz, 2H, ArOCKCHS),
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6.75-6.83 (m, 3H, 3', 5, 6), 6.83-6.92 (@= 6.0 Hz, 1H, 6’), 6.92-6.99 (m, 3H, 3, 4, 5% NMR
(CDCL): 3 15.0 (ArOCHCH;), 33.7 (ArCHCH,N), 50.6 (NCHCH;,N), 53.6 (NCHCH;,N), 55.2
(OCH, 3), 55.2 (OCH, 4"), 60.5 (ArCHCH,N), 63.7 (ArOCHCHs), 111.4 (CH, 3), 112.7 (CH,
5%, 114.6 (CH, 27), 118.3 (CH, 6), 120.1 (CH, 6121.2 (CH, 5), 122.8 (CH, 4), 129.5 (C, 1),
141.5 (C, 1), 142.0 (C, 4'), 151.7 (C, 3'), 1598 @); HRMS (ESI) calcd for £HzoN205 [M + H]*

371.2336, found 371.2329.

5.2.4.6 1-(2-(1,3-Benzodioxol-5-yl)ethyl)-4-(2-isppoxyphenyl)piperazing (LDT451)

Prepared by nucleophilic substitution of bromidg) (with 1-(2-isopropoxyphenyl)piperazin&q),
as a white solid; 0.295 g (80%); Rf = 0.43 (CHEIOH 20:1); mp 59-60C; IR (KBr, cm) 2974,
2941, 2816, 1595, 1492, 1382, 1317, 1311, 112281160 NMR (CDCk): 6 1.37 (d,J = 6.0 Hz,
6H, ArOCH(CH),), 2.62-2.68 (m, 2H, ArCKCH,N, 4H, NCHCH;N e 2H, ArCHCH:N), 3.17
(br, 4H, NCHCH,N), 4.61 (hp,J = 6,0 Hz, 1H, ArOCH(CH),), 5.92 (s, 2H, OChD), 6.67-6.70
(m, 1H, 6), 6.67-6.77 (m, 2H, 2, 5'), 6.84-6.9m( 1H, 6), 6.92-6.98 (m, 3H, 3, 4, 3fC NMR
(CDCl): & 22.5 (ArOCH(CH),), 33.4 (ArCHCHN), 50.5 (NCHCHN), 53.7 (NCHCH:N),
60.9 (ArCHCH:N), 70.4 (ArOCH(CH),), 100.9 (OCHO), 108.2 (CH, 2"), 109.3 (CH, 5'), 116.4
(CH, 3), 118.7 (CH, 6), 121.6 (2CH, 5, 6'), 122@H, 4), 134.0 (C, 1'), 142.9 (C, 1), 145.9 (C, &),
147.7 (C, 3)), 150.6 (C, 2); HRMS (ESI) calcd f@,H.gN,03 [M + H]" 369.2180, found

369.2173.

5.2.4.7 1-(2-Isopropoxyphenyl)-4-phenethylpipera@) LDT452)
Prepared by nucleophilic substitution of bromid8) (with 1-(2-isopropoxyphenyl)piperazin&q),

as a white solid; 0.266 g (82%); Rf = 0.38 (CKHEIOH 20:1); mp 67-68C; IR (KBr, cm®) 2975,
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2943, 2811, 1592, 1495, 1382, 1371, 1237, 1128);IB#NMR (CDCL): & 1.38 (d,J = 10.0 Hz,
6H, ArOCH(CH),), 2.68-2.75 (m, 2H, ArCECH,N e 4H, NCHCH;N), 2.85-2.98 (m, 2H,
ArCH,CH.N), 3.19 (br, 4H, NCHCH,N), 4.62 (hp, = 10,0 Hz, 1H, ArOCH(CH),), 6.88-6.90 (m,
1H, 6), 6.89-6.98 (m, 3H, 3, 4, 5), 7.20-7.34 (H, ', 3, 4, 5, 6°); *C NMR (CDCE): & 22.4
(ArOCH(CHs)), 33.7 (ArCHCH.N), 50.5 (NCHCH,NAr), 53.7 (NCHCH,NAr), 60.7
(ArCH,CH,N), 70.4 (ArOCH(CH)»), 116.3 (CH, 3), 118.6 (CH, 6), 121.6 (CH, 5), T2&CH, 4),
126.2 (C, 4), 128.6 (2CH, 3', 5, 128.9 (2CH, B), 140.0 (C, 1"), 142.3 (C, 1), 150.5 (C, 2);

HRMS (ESI) calcd for gH.eN,0 [M + H]" 325.2282, found 326.2274.

5.2.4.8 1-(3-Methoxyphenethyl)-4-(2-isopropoxypheiperazine 9, LDT453)

Prepared by nucleophilic substitution of bromidd) (with 1-(2-isopropoxyphenyl)piperazin&q),
as a white solid; 0.142 g (40%); Rf = 0.42 (CKHEIOH 20:1); mp 57-58C; IR (KBr, cm’) 2944,
2809, 1583, 1492, 1444, 1370, 1311, 1236, 11254:165NMR (CDCh): 6 1.37 (d,J = 6.0 Hz,
6H, ArOCH(CH),), 2.71-2.75 (m, 2H, ArCKCH.,N), 2.78 (br, 4H, NCHCH,N), 2.87-2.91 (m,
2H, ArCH,CH,N), 3.20 (br, 4H, NCHCH:N), 3.81 (s, 3H, OCH), 4.61 (hp,J = 6.0 Hz, 1H,
ArOCH(CHk),), 6.77 (ddJ = 8.1 Hz,d = 2.0 Hz, 1H, 4'), 6.81 (br, 1H, 2'), 6.84 (t= 7.5 Hz, 1H,
6), 6.88 (d,J = 7.2 Hz, 1H, 6), 6.91-6.97 (m, 3H, 3, 4, 5), 7(23 = 7.8 Hz, 1H, 5);*C NMR
(CDCL): & 22.5 (ArOCH(CH),), 33.5 (ArCHCH,N), 50.3 (NCHCH;N), 53.6 (NCHCH,N), 55.3
(OCH;,3), 60.5 (ArCHCH;N), 70.4 (ArOCH(CH),), 111.6 (CH, 4’), 114.7 (CH, 2), 116.1 (CH,
3), 118.7 (CH, 6), 121.3 (CH, 5), 121.6 (CH, &p2.7 (CH, 4), 129.6 (CH, 5’), 142.0 (C, 1)),
143.0 (C, 1), 150.5 (C, 2), 159.9 (C, 3'); HRMS (E&alcd for G-HsoN,O, [M + H]* 355.2387,
found 355.2380.

5.2.4.9 1-(4-Methoxyphenethyl)-4-(2-isopropoxypheiperazine 10, LDT454)

Prepared by nucleophilic substitution of bromid®) (with 1-(2-isopropoxyphenyl)piperazin&q),
as an oil; 0.184 g (52%); Rf = 0.42 (CH®EtOH 20:1); IR (film, cnt) 2973, 2936, 2812, 1610,

1595, 1512, 1496, 1372, 1300, 1239, 1134, 16BONMR (CDCk): & 1.37 (d,J = 6.0 Hz, 6H,
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ArOCH(CHs),), 2.66-2.69 (m, 2H, ArChCH.N), 2.76 (br, 4H, NCHCH;N), 2.82-2.86 (m, 2H,
ArCH,CH,N), 3.19 (br, 4H, NCHCH.N), 3.80 (s, 3H, OCH, 4.62 (hp,J = 6.0 Hz, 1H,
ArOCH(CHs),), 6.85-6.89 (m, 3HJ = 8.4 Hz, 3', 5, 6), 6.94-6.95 (m, 3H, 3, 4, 5)16 (d,J = 8.4
Hz, 2H, 2’, 6'); *C NMR (CDCk): & 22.5 (ArOCH(CH),), 33.7 (ArCHCH;N), 50.5
(NCH,CH:N), 53.7 (NCHCH:N), 55.4 (OCH, 4), 60.9 (ArCHCH,N), 70.5 (ArOCH(CH).),
114.1 (2CH, 3", 5'), 116.4_(CH, 3), 118.7 (CH, @R1.7 (CH, 5), 122.7 (CH, 4), 129.8 (2CH, 2',
6'), 132.4 (C, 1'), 142.9 (C, 1), 150.6 (C, 2), 1B8C, 4'); HRMS (ESI) calcd for £HzoN20,

[M + H]" 355.2387, found 355.2380.

5.2.4.10 1-(3,4-Dimethoxyphenethyl)-4-(2-isopropirgnyl)piperazinelll, LDT455)

Prepared by nucleophilic substitution of bromidé) (with 1-(2-isopropoxyphenyl)piperazin&q),

as an oil; 0.212 g (55%); Rf = 0.45 (CHEItOH 20:1); IR (film, cnt) 2972, 2936, 2812, 1592,
1516, 1497, 1354, 1372, 1237, 1141, 10539; NMR (CDCk): & 1.36 (d,J = 6.0 Hz, 6H,
ArOCH(CHy),), 2.68-2.71 (m, 2H, ArCHCH;N), 2.76 (br, 4H, NCHCH;N), 2.82-2.87 (m, 2H,
ArCH2CH:N), 3.19 (br, 4H, NCHCH;N), 3.86 (s, 3H, OCEJ, 3.88 (s, 3H, OC#), 4.60 (hp,J =
6.0 Hz, 1H, ArOCH(CH),), 6.77-6.82 (m, 3H, 2’, 5, 6), 6.86-6.88 (m, 161), 6.93-6.95 (m, 3H,
3, 4, 5);3C NMR (CDCE): 5 22.5 (ArOCH(CH)-), 33.2 (ArCHCH,N), 50.4 (NCHCH,N), 53.7
(NCH,CH;,N), 56.0 (OCH 4’), 56.1 (OCH 3'), 60.9 (ArCHCH,N), 70.5 (ArOCH(CH),), 111.6
(CH, 5'), 112.4 (CH, 2'), 116.4 (CH, 3), 118.7 (C#), 120.7 (CH, 6), 121.7 (CH, 5), 122.7 (CH,
4), 132.9 (C, 1'), 142.9 (C, 1), 147.5 (C, 4'), 1@4C, 3), 151.7 (C, 2); HRMS (ESI) calcd for
C23H3N,03 [M + H]* 385.2493, found 385.2486.

5.3. Biology

5.3.1. Binding assays

Competition binding assays to cloned humsla, alb, andald-adrenoceptor subtypes were
performed in membrane preparations from CHO (Cleidamster Ovary) cell lines transfected by

electroporation with DNA expressing the gene enmugdiacha;-adrenoceptor. Cloning and stable
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expression of the human-adrenoceptor gene was performed as previouslyridesé? Briefly,
CHO cells membranes (3@ proteins) were incubated in 50 mM Tris—HCI buffeH 7.4, with
0.1-0.4 nM fH]prazosin, in a final volume of 1.02 mL for 30 mat 25 °C, in the absence or
presence of competing drugs (1 pMiid). Non-specific binding was determined in the prese
of 10 uM phentolamine. The incubation was stopped by addibf ice-cold Tris—HCI buffer and
rapid filtration through 0.2% poly(ethylenimine)gbreated Whatman GF/B or Schleicher &

Schuell GF52 filters.

5.3.2 Functional experiments

Male Wistar rats (275-300 g) were killed by cerVidsslocation and the required organs were
isolated, freed from adhering connective tissud, et up rapidly under a suitable resting tengion i
20 mL organ baths containing physiological saltusoh kept at 37 °C and aerated with 5%
C0O,:95% @ at pH 7.4. Concentration-response curves weretreaed by cumulative addition of
reference agonist. The concentration of agonighénorgan bath was increased approximately 3-
fold at each step, with each addition being madg after the response to the previous addition had
attained a maximal level and remained steady. @otitms were recorded by means of a transducer
connected to the MacLAb system PowerLab/800. At flne compounds under study were added in
the organ bath in order to construct a concentratgsponse curve such as that for the reference
agonist, but no response was obtained; after thescompounds were treated as antagonists. In
particular, after construction of concentrationp@sse curves of the reference agonist following 30
min of washing, tissues were incubated with the poumd under study for 30 min and a new
concentration-response curve to the agonist wasrded. In all cases, parallel experiments in
which tissues received only the reference agonetewun in order to check any variation in
sensitivity.

All animal testing was carried out according to dpean Communities Council Directive of 24

November 1986 (86/609/EEC).
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The antagonist potency was expressed Ky @ a single concentratiohor pA, when indicated®

18 pKg values were calculated from the equatit® B log(DR - 1) - log[B], where DR is the ratio
of EDsp values of agonist after and before treatment witd or two antagonist concentrations [B].
pA, was calculated from Schild plot constraining tleps to -1. Data are presented as the mean *
SE of 4-5 experiments. Differences between meamegalvere tested for significance by Student's

t-test.

5.3.2.1 Rat vas deferens prostatic portion

This tissue was used to assedsA-AR antagonisni’ Prostatic portions of 2-cm length were
mounted under 0.35 g tension at 37 °C in a Tyradetisn of the following composition (mM):
NaCl, 130; KClI, 2; CaGl 1.8; MgC}, 0.89; NaHPQO,, 0.42; NaHCQ, 25; glucose, 5.6. Cocaine
hydrochloride (10 mM) was added to the Tyrode tevpnt the neuronal uptake of (-)-NE. After
the equilibration period, tissues were primed twhgeaddition of 10 uM of the agonist (-)-NE in
order to obtain a constant response. After anotfeehing and equilibration period of 45 min, a
cumulative (-)-NE concentration-response curve wasstructed isotonically to determine the
relationship between agonist concentrations andctimgractile response (basal response). When
measuring the effect of the antagonist, it wasvald to equilibrate with the tissue for 60 min
before constructing a new concentration-responseedo the agonist. (—)-NE solution contained

0.05% NaS,0s to prevent oxidation.

5.3.2.2 Rat spleen

This tissue was used to assed$3-AR antagonismi® The spleen was removed and bisected
longitudinally into two strips which were suspendedissue baths containing Krebs solution of the
following composition (mM): NaCl, 120; KCI, 4.7; C&, 2.5; MgSQ, 1.5; KH,PQ,, 1.2;

NaHCQ;, 20; glucose, 11; ¥DTA, 0.01. (£)-Propranolol hydrochloride (4 uM) svadded to
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block B-adrenoceptors. The spleen strips were placed undetesting tension and equilibrated for
2 h. The cumulative concentration-response curegshenylephrine were measured isometrically
and obtained at 30 min intervals, the first onengaliscarded and the second one taken as control.
The antagonist was allowed to equilibrate with tissue for 30 min; then a new concentration-

response curve to the agonist was constructed.

5.3.2.3 Rat aorta

This tissue was used to asse$®-AR antagonisni? Thoracic aorta was cleaned from extraneous
connective tissue and placed in Krebs solutionhef fbllowing composition (mM): NaCl, 118.4;
KCI, 4.7; CaC}, 1.9; MgSQ, 1.2; NaHPQO, 1.2; NaHCQ, 25; glucose, 11.7. Cocaine
hydrochloride (10 uM), normetanephrine hydrochler{d uM) and (z)-propranolol hydrochloride
(1 M) were added to prevent the neuronal and eetn@nal uptake of (-)-NE and to blogk
adrenoceptors, respectively. Two helicoidal stffffs x 3 mm) were cut from each aorta beginning
from the end most proximal to the heart. The englatm was removed by rubbing with filter
paper: the absence of acetylcholine (100 puM)-induegaxation to preparations contracted with
(-)-NE (1 uM) was taken as an indicator that vesse denuded successfully. Vascular strips were
then tied with surgical thread and suspended iacketted tissue bath containing Krebs solution.
Strip contractions were measured isometricallyeA#t least a 2 h equilibration period under an
optimal tension of 1 g, cumulative (-)-NE concettraresponse curves were recorded at 1 h
intervals, the first two being discarded and thedtlone taken as a control. The antagonist was
allowed to equilibrate with the tissue for 60 miefdre the generation of the fourth cumulative
concentration-response curve to (—)-NE. (-)-NE sohs contained 0.05% MN&,0, to prevent

oxidation.

5.3.3 Cellular studies
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Caucasian prostate adenocarcinoma PC-3 cell liseuad to study compoufits antiproliferative
activity. This cell line was grown adherently andaintained in minimum essential medium
supplemented with 100 U/mL penicillin, 1Q@/mL streptomycin, and 10% fetal bovine serum
(FBS) and cultured at 37C and aerated with 5% GO95% Q.

Tested compound was dissolved in methanol (MeOH) @incentration of 10.0QM and diluted
with specific cells medium prior to use. Ten thousa&ells were suspended in AB of specific
medium and incubated in a 96-well plate for ovdnhighfter the incubation, 2L of understudy
compound was added to the well with the final cor@ions of 0.01 to 1QM . After 24, 48, and
72 h incubation at 37 °C, viability of the cells svdetermined by 3-(4,5-dimethylthiazol-2-yl)-5-(3-
carboxymethoxyphenyl)- 2-(4-sulfenyl)-2H-tetrazoi(MTS) assay using Cell Titer 96 Aqueous
One Solution Cell Proliferation Assay (Promegaidtabrl)?® After the addiction of MTS, in
combination with the electron coupling agent phamaanethosulfate, the cells were allowed to
incubate for 1 h and absorbance was measured ahm92 a microplate reader, GeniosPro. Cell
viability was calculated as a percentage usingdhmula: (mean OD of treated cells/mean OD of
control cells) x 100. Results are expressed asepemf control cells which are not treated. The
growth control (GC) and growth control with MeOHQ®!) were run for each set of cell line. All

experiments were done in triplicate.

5.4. Docking studies

The primary sequences of the three-AR subtypes were retrieved from UniProt (Ibla =
P35348, ADA1A HUMAN; alb = P35368, ADA1B HUMAN; ald = P25100,
ADA1D_HUMAN) and the homology models were generatgdusing Modeller 9.15” based on

the resolved structure of humah2-adrenergic receptor (PDB Id: 2RH1). Among thepidduced

models, the best structure was chosen by consglénm DOPE and GA341 scoring functions as
well as some well-known structural parameters saghhe percentages of residues falling in the

allowed regions of the Ramachandran plot and thesmdice. For all considered subtypes, the
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selected models did not include the large intratall C-terminal domains, which indeed is not
involved in the binding pocket (excluded residug30-446 for ala, 352-520 for alb and 406-572
for ald). After a set of geometrical checks to dvenphysical occurrences such as unpredicted
gaps, incorrect D-residues, cis peptide bondsidoad side-chains or unsuitable bond lengths, the
selected models were optimized by energy mininonakeeping fixed the backbone atoms to
preserve the predicted folding.

The ligands were simulated in their protonatedessaice this is involved in receptor binding. Their
conformational profile was explored by quenched M@Qarlo simulations (as implemented in the
VEGA program’® which produced 1000 minimized conformations bydamly rotating the
rotatable bonds and the so computed lowest energforners underwent docking simulations.
Docking analyses were carried out by using Plantsch calculates reliable ligand poses by ant
colony organization algorithnfS.For all receptor models, the search was focusedar8 A radius
sphere around the key aspartate residue, namely08spr ala, Aspl25 for alb and Aspl76 for
ald. 10 poses were generated for each ligand amedsby the PIp95 function with a speed equal to
1. The obtained best complexes were finally minediby keeping fixed all atoms outside a 8 A
radius sphere around the bound ligand and the smiapd complexes were utilized to recalculate

the docking scores.
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Table 1. Binding affinity constants of target compoun2id1 and reference compoundsand
tamsulosin, at cloned humaf-AR subtypes expressed in CHO cells.

Compounds pK; @ Selectivity’

N° Code Qg | Op | O1d | O1d/01a | O1d/0O1p | Oafap

1 | LASSBio 772| 8.46 | 8.28| 8.90 2.5 4.0 1.5
2 | LDT2 750 | 7.04, 7.78 2.0 55 3.0
3 | LDTS8 895 | 8.27| 8.82 0.5 3.5 5.0
4 | LDT243 853 | 7.60f 8.59 1.0 95 8.5
5 | LDT244 895 | 7.99 8.87 1.0 7.5 9.0
6 | LDT245 8.68 | 7.80 9.22 3.5 26 7.8
7 | LDT451 941 | 7.89 8.76 0.2 7.5 32
8 | LDT452 8.30 | 7.11] 8.34 1.0 17 15
9 | LDT453 856 | 7.86/ 8.88 2.0 10 5

10 | LDT454 8.65| 7.83 8.51 0.5 45 6.5
11 | LDT455 8.70 | 7.98 8.87 1.5 7.5 5.0
Tamsulosin 10.30/ 9.20 | 10.06 | 0.5 6.0 13

& Log equilibrium dissociation constantskjp were calculated from kg values using the Cheng—
Prusoff equation. The affinity estimates, deriveshf displacement ofH]prazosin binding from
az-adrenoceptors and expressed as mean values, warawo to three experiments performed in
triplicate, which agreed within £20%.

b Calculated by the antilog of the difference betweth values at different-adrenoceptor
subtypes.

‘Data from ref 14.
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Table 2. Antagonist potency of target compourfi$1 and reference compountisand tamsulosin
in isolated rat prostatic vas deferenga(AR), spleen ¢.g-AR) and thoracic aortai{p-AR).

Compounds Kg? Selectivity’
NoO Code o1 rat vas agrat aqp rat O1D/01A | O1D/OIE | O1a O1B
deferens spleen aorta

1 LASSBio 772| 8.47 £0.09 | 8.11 £ 0.02 8.57 £+ 0.02 1 3 2
2 LDT2 7.76 £ 0.16 7.82 £0.13 8.50 £ 0.07 5 5 1
3 LDT8 9.09 + 0.08 8.85+0.14 8.84 + 0.05 0.5 1 2
4 LDT243 8.39+0.10 8.13 + 0.06 8.11 + 0.08 0.5 1 2
5 LDT244 8.89 + 0.06 7.91 +0.15 8.23+0.17 0.2 2 50.
6 LDT245 9.10 + 0.08 8.89 + 0.01 8.79 £ 0.09 0.5 1 2
7 |LDT451 gég foo.'llfl 8.03+0.09 | 8.33+0.11 1 2 2
8 LDT452 8.29+0.14 7.94 +0.02 8.59+0.16 2 5 2
9 LDT453 8.87 + 0.07 8.92 +0.12 9.46 + 0.06 4 0.8 1
11 LDT455 955 +0.13 8.74 +0.21 9.12 + 0.0% 0.4 2 56.
Tamsulosin 9.46 + 0.£3]9.30 £ 0.08 | 10.00 + 0.16 3.5 1.5

@ pKg values (+SEM) calculated according to van Rossum.
P Calculated by the antilog of the difference betwei values at differenty-adrenoceptor

subtypes.
“Data from ref 14.

4 pA; valuex S.E., calculated from Schild plot constraining $hape to -1.



Figure 1. Chemical structures efl-adrenoceptor antagonists licensed for BPH.
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ACCEPTED MANUSCRIPT

Figure 2. Main interactions stabilizing the two putative (asmkcular) binding modes as computed

betweenala and9; A: Main interactions stabilizing the complex inviog Aspl06; B: Main

interactions stabilizing the complex involving G&@L




Chart 1. Design strategy to phenylpiperaziriegl.
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Scheme 1

OR

Y. Br Y. N
a

j@/\/ D/\/

4 y4

12: Y =Z =-OCH,0- 2:Y=Z=H;R=Me

13: Y=Z=H 3: Y=72=-OCH,O-;R =Et

14:Y=0OMe;Z=H 4:Y=0OMe;Z=H;R=Et

15: Y =H;Z = OMe 5:Y=H;Z=0Me;R=Et

16: Y =7 =0OMe 6: Y =7Z=0Me;R=Et
7:Y =7 =-0OCH,0-; R = iPr
8:Y=Z=H;R=iPr
9:Y=0OMe;Z=H;R=iPr
10: Y =H;Z =0OMe; R =iPr
11: Y =Z=0Me; R = iPr

®Reagents and conditions: (a) 1-(2-alkoxyphenyBmigines, BN, CH:CN, MW irradiation 2.45
GHz, 450 W, 4 minutes, 9392)( 93% @), 68% @), 84% 6), 69% ©), 80% ({7), 82% 8), 40% 0),

52% (L0), 55% (L1).
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Scheme 2
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®Reagents and conditions: (a) LIAJHTHF, r.t., 4h, 98%; (b) CBytriphenylphospine, C¥CN, r.t.,

24 h, 76%.



Highlights

» 11 new phenylpiperazines derived from LASSBio 772 has been designed and
synthesized

» Affinitiesfor human a;-AR subtypesin radioligand binding assays were
assessed

» Antagonist profiles at a;-AR subtypes in functional bioassays were evaluated

» Among the newly synthesized compounds, potent ligands were identified

* SAR-andysisidentified new hits for further search for improved a,-AR agents



