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The N-phenylpiperazine structures exhibit very extensiveiltiple receptor activities
including the influencingf a;,-adrenoceptorsa-AR). Their antagonistic activity towards-AR
is intensively applied in the therapy of cardiowdac system diseases — e. g. hypertension as well
as in the treatment of benign prostatic hyperplasie limited ratio of selective effect on the
specific subtypes of the-AR by certain drugs used in the practice (azosjpe-structures) leads
to multiple side effects which includes posturapbtension, syncope or first dose phenomena.
The existence of multipler;-AR subtypes holds promise for the discovery, mijem and
development of more specific selective drug molesulargeting only oney-adrenoceptor
subtype and making them free from side effects. arde this aim wide-ranging modifications
have been reported in the literature on the ,basicticture of theN-phenylpiperazine-based
molecules. The present paper deals with the afffieidtures of (substitutedy-phenylpiperazines
towardse;-ARs in which the structure is a connecting chainmfed by (unsubstituted) ethane-
1,2-diyl moiety bonded through certain atom or gr¢8, O, NH, NHCO-fragment, respectively)
at the lipophilic part of the molecule.
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INTRODUCTION

Structure and function of a;-adrenergic receptors

The aj-adrenergic receptoratARs) belong to the seven transmembrane-domain
receptor super family and play a primary role ia tegulation of several physiological
processes, particularly in the cardiovascular sygsee Figure).

To date, three different;-AR subtypes, namelygia- (c15), o1~ (01), and aip-
(a14) AR, have been cloned and characterized — theyhaee subtypes of human high
sensitivitya;y-adrenoceptors where upper/lower case lettersateligharmacologically
defined and cloned subtypes, respectively [1-4]caBse of the initial confusion
in nomenclature, ther;c designation has been dropped. In addition to thibsee
subtypes, the existence of an additiorgtAR (low sensitivity a;) has been
postulated [5] but a discrete protein with -adrenoceptor characteristics has to be
cloned yet. Recent evidence, however, suggests tthiat subtype represents the
low-affinity state (functional phenotype) of tles-AR, and not a distinct receptor [6].
In addition to the wild-typex;a-AR isolated originally, three carboxyl terminallisp
variants of the humam;,-AR have been cloned and characterized, i.e. ¢he
(wild-type), aian, a1az and a;ag; e€ach of them has identical ligand binding and
signalling characteristics [7,8]. Thea-ARs are abundantly expressed in human liver,
heart, cerebellum, cerebral cortex and prostat&l]9«;5-AR messenger ribonucleic
acid (mRNA) is present at high levels in human spland kidneyg;p-AR mMRNA is
abundant in human aorta [12]. In the heart, alkehw;-AR subtypes have been
identified at the mRNA level, but only;4 and a;g appear to be translated and
functional [13]. A large body of evidence indicatdmt a;o-ARS are very important
in the hypertrophic growth responisevitro [14,15]. An important possible role for the
a1-ARs in the heart is as an alternate source ofapit reserve in pathophysiological
conditions in which thg-adrenergic system is desensitised.

Stimulation of thea;-ARs results in the activation of various effectarsluding
phospholipase C (PLC), phospholipase D (PLD) araspholipase A(PLA,), as well
as in the activation of Gachannels and the Kial* exchangers, modulation of'K
channels [13], and an activation of other signgllpathways, such as that involving
activation of mitogen-activated protein kinasedeading to transcriptional activation
of early and late response genes. All thteAR subtypes can activate phosphoinositide
turnover and the calcium signalling. Indeed, algtothe C&" influx [16,17] response
was initially thought to be specific for thga-AR, it was later found to be mediated
also by the other subtypes. Both voltage-dependent voltage--independent €a
channels have been implicated in these responses.
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Figure. Model of agonist and antagonist binding ta;-adrenergic receptors. The binding
pocket of a;-adrenoceptors is depicted from an extracellular \éwpoint, transmembrane
domains 1 — 7 are numbered. Amino acids involved iagonist binding and receptor activation
are depicted in blue, residues which mediate antagist binding are shown in red [1]

All a;-AR RNA and proteins are expressed on periphetatias from humans [18],
and a;-blockers have been used for many years in thetnte@ of an arterial
hypertension. Data from isolated vessels have shbaitrthere is considerable diversity
in the vascular tree regarding the-subtypes that regulate smooth muscle cells
contractions. Although there is little evidence pogting a role fora;s-ARS as
mediators of the vascular contraction,-ARs have been shown to regulate both renal
and caudal arteries. The;a-AR subtype is the predominant receptor, causing
a vasoconstriction in many vascular beds, includfojowing arteries: mammary,
mesenteric, splenic, hepatic, omental, renal, poang and epicardial coronary. It is
also the predominant subtype in trena caveand the saphenous and pulmonary veins.
The a1a-AR regulates arterial blood pressure in prostat arinary tissues, mediating
contraction of the tissues, and is a target for tteatment of benign prostatic
hyperplasia. Together with the;z-AR subtype it promotes cardiac growth and
structure. Theag-AR subtype enables contraction of heart, vascufagstate
and spleen tissues (the most abundant type inghg)hwvhereas the;p-AR subtype is
the predominant receptor causing vasoconstrictiothé aorta. There is evidence to
support the idea that thez-ARs mediate behaviours such as reaction to novelty
and exploration and they are involved in the bebhardl sensitisation and
in vulnerability to an addiction. The-ARs have been implicated in the contraction of
the aorta, femoral, iliac and superior mesentaterigs [19-21].
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A recent paper has reviewed the current researcthemliscovery and evaluation
of a variety of chemically diverse structures ated&ve antagonists of the-ARs
anda;-AR subtypes [22].

Azosines, classical antagonists of the;-ARs containing (substituted)
N-phenylpiperazine moiety in the basic part of the ralecule

The different agents, antagonists of theARs, can be separated into nine claimed
classes withN-aryl and N-heteroaryl piperazine derivatives representingi@aarly
important categories. These structures are onkeofrtost studied classes of molecules
with an affinity towards thex;-ARs. The introduction of prazosin, the first highl
selectivea;-AR antagonist, is the classic example of improvtedrapeutic efficacy
as a result of subtype selectivity. Prazosin (cammod) and also related long acting
quinazoline derivatives with incorporated piperakja-diyl moiety — terazosirl() and
doxazosinl{l ) are considered as the most effective and clilyicakeful class
of selectivea;-AR antagonists, approved for using in the treatrafnsymptomatic
benign prostatic hyperplasia [23], since they haigh index ofas/a, adrenoceptor
affinity [24]. Together with tiodazosinl\{) and bunazosin\{) they are employed
clinically, as they are vasodilators with strondi@t in the arteriolar vascular bed.
Further, they have many advantages like dictatinth lresistance and capacitance
of blood vessels, favourable hemodynamic effedttjal absence of reflux tachycardia
and maintenance of renal blood flow and glomerdiltnation rate with intact auto
regulation of noradrenaline due to non-blockadpretynaptia,-ARs. They also have
favourable effects on the lipid profile, carbohytéranetabolism and insulin resistance.
These drugs are also useful in the treatment ofj€stive Heart Disease (CHD), variant
or Prinzmetal's angina or Raynaud's disease [25fstMantagonists, including the
prototype of theaj-adrenoceptor selective antagonist prazosin, shitte lor no
selectivity between three known-adrenoceptor subtypes, consistent with the strakctu
homology of these subtypes in the transmembraneaoismOn the other hand, it is
speculated that orthostatic hypotension causedrésepta;-blockers is a result of its
subtype non-selective nature so there is a nedéwelop more specific analogues with
the specific affinities to the receptor subtypesrémove their side effects [25,26].
Towards this aim wide-ranging modifications havermeeported on the basic azosine-
like structure.

The present paper is the continuance of the sieietu;-adrenoceptor affinity
(as-adrenoceptor antagonistic activity) studyNphenylpiperazine compounds and is
especially focused on the (substituted) phenylgip@e structures containing
(unsubstituted) ethane-1,2-diyl connecting chainictvhis branched through certain
atoms or groups (S, O, NH, NHCO-fragment, respebf)vat variable substituted
lipophilic moiety.
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N-Phenylpiperazine structures, antagonists of thex;-ARs, containing
unsubstituted ethane-1,2-diyl connecting chain

The pharmacophoric model [2%hat suggests the three-dimensional structural
properties for an ideak;-AR antagonist include: (1) A positively ionizabtgoup,
corresponding to the more basic nitrogen atom efattyl piperazine ring. (2) Aortho-
or metasubstituted phenyl ring, both of which constitibe arylpiperazine system
and satisfy three of certain features of the phaaphoric hypothesis. (3) A polar group
that provides a hydrogen bond acceptor featurbndilone of the portions of the
pharmacophore that is required at the edge of thlequle opposite the arylpiperazine
moiety. (4) A hydrophobic moiety.

The pharmacophoric model also suggests that theropldbic region
accommodating the substituted phenyl can contaimstdaents that are larger than
a methoxy group. Moreover, affinity and selectiviepend on the length of the
(substituted) polymethylene chain that connects theassical” lipophilic
and arylpiperazine moieties [27].

The target set\(l) was evaluated for the;-AR antagonistic activities. The result
showed that three structures from the analyzed pgroamely VI-1), (VI-3) and
(VI-5), displayed highz;-AR antagonistic p, of 8.56, 8.56 and 9.12, respectively. All
three compounds have similar or bettg AR antagonistic activities than prazosin [28].

46



H (VI-1): Ar=pyridin-4-yl, Ri=R2=2,4-dimethyl;
N/\/N Ar  (VI-2): Ar=2-furyl, R'=5-Cl, RP=2-OCH;;
K\ \H/ (VI-3): Ar=2-furyl, R'=H, R*=3-OCH;;
\) o (VI-4): Ar=2-furyl, Ri=H, Re=4-OCH;;
(VI-5): Ar=2-furyl, R'=H, RP=2-OCH;;
(VI-6): Ar=pyridin-4-yl, Rl=H, R?=2-OCH,;;
R? R (VI-7): Ar=pyridin-4-yl, R'=H, R?=4-OCH,;;
(V1) (VI-8): Ar=pyridin-3-yl, R'=5-Cl, R=2-OCH,

The detailed selective profile of studied compountiseries Y1) from the point
of binding towards concrete subtype afAR has not been performed yet. The
modification of connecting hydrocarbon chain (i@ngation to propane-1,3-diyl string)
and lipophilic part of the molecul&/[(), an incorporation of imidazo[2 flitheophylline
fragment, led to the structuregl() and Il ) for which onlyin vivo binding studies
for agonistic/antagonistic affinity towards seratogic 5HT;, 5-HT,, and
dopaminergid, receptors and not fer-ARs have been performed until now [29].

ﬁi O

(VI )

0O 2
R
i O N/\')J\H/\/\N’ N_@
AN \__/
)\ | />/NH
O~ "N N
CH

2

3 (Vi)
Ri=H, CH,, C;H, Re=H, 2-OCH, 3-Cl

Arylpiperazine derivatives bearing a flavone moiefh<) should exhibited
interesting a;-AR antagonistic activities. The flavone compourtdsd phenyl rings
(phenyl of the arylpiperazine and the flavone mgietand OR-groups
(R=arylpiperazinylalkyl substituent) which couldtaas the hydrophobic regions and
hydrogen bond acceptors of the AR antagonists, the Natom at the arylpiperazine
corresponded to the positively ionisable group [30]
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(IX)
R!=H, 2-CH,, 4-CH,, R*=H, Cl,n=2-4

As the experiments reviewed, two carbon atoms whiohnected the flavone
moieties and an arylpiperazine nucleus formed &t Ipolymethylene chain for the
activities for all the target structures. With thengthening of the carbon chain,
no remarkable variation was exhibited in thg-AR antagonistic activity [30].
Compounds with a chlorine atom at the flavone rugldad a relatively higher
antagonist activity towards thg-ARs, so it was suggested that a chlorine atorhat t
aromatic portion could led to the increase of dhé\R antagonistic activity. Moreover,
ortho-substituted derivatives were more potent than para-substituted ones.
Furthermore, the target moleculdX ) were more effective than the negative controls
including the flavones and the synthetic intermtedia It demonstrated that the
arylpiperazine and polymethylene chain betweenoft@vand arylpiperazine moieties
were necessary pharmacophores of the designedaeabst[30].

The importance of the substituents attached at radgminone ring was further
studied by synthesizing a series of derivativ€} ljaving arylpiperazinylalkyl chains
at different positions of the ring. Most of the #yesized compounds showed high
potency on all the assays and some selectivityhias; - anda;p-AR subtypes [31].

Structures from the setX(), characterized byN-phenylpiperazinylalkylamino
moiety linked to the substituted pyridazinone, wevaluated for the binding affinities
towards theaja-, a1s- and a;p-AR cloned subtypes as well as towards thElT3,
receptors. This study indicated that substitutionghe positions 5 and/or 6 of the
pyridazinone ring as well as in the positions 24 &n of the phenyl ring together with
the length of the linker were responsible for matinly the liganda;-AR-binding
affinities anda;A-AR/5-HT 4 selectivities [32].
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Some compounds belonging to a class of arylpipeeaguinazolinone-2-
-carboxylate and their 2-methyl analoguedll have been prepared through the
variation of alkylamido linker between a quinazole and an arylpiperazine in the
connection with a modification of the substituentt® phenylpiperazine moiety [33].
The fitting of the proposed molecules to the prasly built pharmacophore model [34]
was done to prioritize the synthesized compoundd &n correlate the chemical
structure of the studied substances to their pheshogical data. Structures<i-1),
(XII-2) and also XII-3) were evaluated for theiin vivo hypotensive activity on
the blood pressure of normotensive cats. Substanwese tested for their
as-adrenoceptor antagonistic activity on isolatedral@@ rat aorta revealing superior
activity to prazosin as a reference standard [33].

Some structural features have been demonstratedat&edly affect the affinity
of the a;-AR antagonists and their hypotensive activity. garticular, the addition
of ortho-methoxyphenyl on piperazine-1,4-diyl ring, propado spacer and methyl
at 2-position of quinazolinone led to the begstadrenoceptor affinity profile and the
highest hypotensive activity as can be demonstiayecbmpoundXlI-3). In addition,
the results of the functional bioassay revealed ¢kH-3 ) was the most active;-AR
antagonist among the tested arylpiperazine-quiiemoe derivatives [33].
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Sixteen compounds from the serieXll() were evaluated for theiw;-AR
antagonistic activity. The results showed that tewbstances with 'R= 2-OCH;,
R? = NH,, n = 3, labelled asXlll-1 ), and with R = 4-OCH,, R* = NH,, n = 2, labelled
as IlI-2 ), displayed high;-AR antagonistic p, of 9.80, and 8.87, respectively. Both
of them exhibited better or similag-AR antagonistic activity compared with prazosin.
Compound XIlI-1 ) in particular, without substitution of 4-amineamuinazoline ring,
showed the highest bioactivity. The correspondingosgance with piperidino
substitution in 4-position of quinazoline ring indted lower B, in two orders
of magnitude [35].

0
/N N
N NMH‘( X CH,
— N~ CH,
Rl
2
R o

(Xnr)
R1=2- or 3- or 4-OCH 5-chloro-2-methoxy, RNH,, piperidin-1-yl
n=2, 3

A series of new structures containing a benzimitigzmenzothiazole or benzoxazole
nucleus XIV) linked to an arylpiperazine moiety by differemticalkyl chains was
prepared by Siracusa et al. [36]. Compounds westedein radioligand binding
experiments to evaluate their affinity for HBF,o and 5HT,, serotonergic,
as-adrenergic, dopaminergio; and D, receptor subtypes. The lower selectivity ratio,
defined ai(a)/Ki(5-HTy,), indicated that studied ligands were more seledtbwards
5-HT; 4 receptor subtype compared to thatgARS [36,37].
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Substitution of R at the phenyl ring of sixteen synthesized aryldikylamine-type
molecules XV) still had profound impact on the;-AR antagonistic activity. The
affinities of selected molecules labelled 2&/{1): R' = H, R = 4-Cl; (XV-2): R' = H,

R? = 2,4-dichloro; XV-3): R! = 5-Cl, R = 4-Cl; (XV-4): R' = 5-Cl, R = 2,4-dichloro,
decreased obviously, which suggested that eleatithdrawing group may be harmful
to activity in thea;-AR blocking [38]. The earlier SAR of another stures and their
analogues published in [39] indicated that monmdeh (such as chloro and bromo)
substitution of R could remain potent. On the other hand, the dévies with electron-
donating groups (methyl and methoxy) showed an dwgxal affinity on thea;-ARs,
especially compoundX/-5): R* = H, R = 2-OCH;, which was the most potent among

them [38].
H3C\
O
N ‘N/\/o
/
R

(XV)

R!=H, 5-Cl, R=2-CH,, 3-CH,, 4-CH,, 2,6-dimethyl,
2,3-dimethyl, 2-OCH 4-Cl, 2,4-dichloro

CONCLUSION

The N-phenylpiperazine compounds represent very wide rapidly developed
group of pharmacologically active drugs. Multiret®pactivity is their typical feature;
the review was written with the respect to substanwith binding affinity (and
selectivity) towards particular subtypes @fadrenergic receptors. Main interest was
focused on th&l-phenylpiperazines with unsubstituted ethane-1yPatinnecting chain
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which is linked through O-, S-, NH- or NHCO-moidty diversely modified lipophilic

part of the molecule. Further detailed informataout the binding and affinity profiles
of the N-phenylpiperazines with unsubstituted propane-1,8synecting string will be

published in other chemical and pharmaceuticalrjals:
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VZTAH MEDZI CHEMICKOU STRUKTUROU, VAZBOVOU AFINITOU
A SELEKTIVITOU K a;-ADRENERGNYM RECEPTOROM
V SKUPINE SUBSTITUOVANYCH N-FENYLPIPERAZINOV.
CAST 2. ZLUCENINY OBSAHUJUCE
ETAN-1,2-DIYLOVY SPOJOVACI RE TAZEC

Malik, I. — 'Sedlarova, E. tAndriamainty, F. —'Galiginova, J. -~ *Cséllei, J.

lKr;ltedra farmaceutickej chémie, Farmaceuticka faklniverzita Komenského, Bratislava
2Ustav chemickych ligv, Farmaceuticlfé fakulta, Veterinarna a farmaadtiuniverzita,
Brno, Ceska republika

N-Fenylpiperaziny vykazuju Vei Sirokd multireceptorovd aktivitu vratane ovplama
as-adrenergnych receptorow;fAR). Ich antagonistické pdsobenie preti-AR je intenzivne
vyuzivané v terapii ochoreni kardiovaskularnehdé&ys — pri hypertenzii rovnako ako pridize
benignej hyperplazie prostaty. Obmedzené selektpd®obenie v praxi pouzivanych die
azosinového typu na Specifické podtypyAR sprevadzaju rozne vEaSie &inky, medzi ktoré
patri posturalna hypotenzia, synkopa alebo tz\ktefevej davky (anglfirst dose phenomeia
Existencia viacerych podtypam-AR je vyzvou pre projekciu a vyvijanie novych delenejSich
molekul ovplywujucich konkrétny a;-adrenoreceptorovy podtyp bez Vapsich prejavov.
V literatlre su charakterizované Siroké moznostdifiiacie ,zakladnej“N-fenylpiperazinovej
Struktary. V predloZenej publikacii sa pozorfiosvenuje afinitnym charakteristikdam
(substituovanych)N-fenylpiperazinov pri pdsobeni n&-AR. V ich Struktire je zastUpeny
(nesubstituovany) etan-1,2-diylovy spojovacfazec, ktory je viazany cez ditly atém, resp.
skupinu (O, S, NH, NHCO-zoskupenie) na lipofikag molekuly.
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