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A series of phenylpiperazine derivatives of phenytoin was evaluated for their affinity at o/;-adrenoceptor
subtypes in functional bioassays (rat tail artery: o4 and/or oyp; guinea pig spleen: op; rat aorta: op).
The most potent compounds at o4-, oy~ and op-adrenoceptors, 11, 18 and 8, showed affinities in
the submicromolar range. The role of a hydrogen bond donor group for affinity and selectivity at
o g-adrenoceptors, postulated by Bremner's pharmacophore model, was confirmed by functional and
molecular modelling studies.

© 2010 Elsevier Ltd. All rights reserved.

The o,-adrenergic receptors (o;-AR), belong to the G-protein
coupled receptors that mediate actions in the sympathetic nervous
system through the binding of the catecholamines, adrenaline and
noradrenaline. Three o;-AR subtypes have been cloned and are de-
signed as o4, o5 and oyp.! Lines of evidence® '° have indicated
therapeutic ability of oy;-adrenoceptor ligands that corresponds
to various physiological effects mediated by these receptors.
Although the early discovered o,-AR antagonists are used in the
treatment of hypertension, current works are focused on new ther-
apeutic potency of oy-adrenoceptors agents.? Some studies* de-
scribed the role of o4-adrenoceptor subtypes in arrhythmia.
Indeed, oi;4-ARs are involved in the incidence of ventricular fibril-
lation in rat isolated hearts, whereas o;g-AR subtypes may play a
cardioprotective role.* In contrast, the role of the o;p-AR in precip-
itating ischemic arrhythmia is not significant because of the low
expression of this subtype in rat cardiomyocytes.” These results
indicate that selective o;-AR antagonists may be beneficial in the
treatment of ischemic arrhythmia.

Recently, a number of promising subtype-selective o;-adreno-
ceptor ligands has been described.>®=® Structures of some sub-
type-selective o;-adrenoceptor antagonists (Fig. 1) indicate that
an arylpiperazine fragment appears in all, o1 4-, 015 and o;p-agents.
The arylpiperazine derivative 5-methylurapidil (1) as well as the
non-arylpiperazine KMD-3213 (2) were described as potent and
selective oi;4-AR antagonists.%’ A constrained piperazine fragment
appears in (+)-cyclazosin (3), the oyg-selective antagonist,®
whereas a non-piperazine o4g-antagonist, spiperone (4), is also

* Corresponding author. Tel.: +48 012 620 55 80; fax: +48 012 620 55 96.
E-mail address: mfkonono@cyf-kr.edu.pl (K. Kie¢-Kononowicz).

0960-894X/$ - see front matter © 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.bmcl.2010.07.101

known as an antiserotonergic drug. Phenylpiperazine moieties
are observed in many o;p-AR antagonists, including WAY-
100635 (5) and SNAP-8719 (6).”

On the other hand, the number of a;-adrenoceptor ligands, with
different subtypes-selectivity, including compounds 2, 4 and 6,
was used by Bremner et al.” in a ligand-based drug design method
to create three models of pharmacophores (Fig. 2), adequate for
each, A-, B- or D-, a;-AR subtype. To elaborate the pharmacophore
models, Bremner et al. used 42 structures of compounds with de-
scribed o;-adrenoceptor subtypes affinities, estimated in binding
or functional assays by the use of human- or animal o;-ARs, ex-
pressed in various species.” In the case of o;4-AR antagonists, dis-
tances of aromatic centre (A) and hydrogen bond acceptor (HBA)
from positive ionisable moiety (P) as well as a planar angle created
by HBA-P-A are spatial factors crucial for activity (Fig. 2a). The
presence of a hydrogen bond donor (HBD) group and an additional
hydrophobic moiety (H) together with P- and A-moieties are
important for compounds with antagonist properties at the
o1g-AR (Fig. 2b). Pharmacophore model for o;p-AR antagonists
contains HBA- and H-moieties placed in similar distances from
positive ionisable centre (Fig. 2¢). The distances and angles, deter-
mined by Bremner et al.” for ideal ot;4-, 015~ Or 0yp-adrenoceptor
antagonists, are shown in Figure 3.

In our previous work,'%!" syntheses and pharmacological prop-
erties of new groups of hydantoin arylpiperazine derivatives were
described including their affinities for o;-adrenoceptors, evaluated
in radioligand binding assays using rat brain cortex membranes,°
as well as antiarrhythmic properties tested in vivo in rats.!! A ser-
ies of most active compounds 7-18 (Table 1) has been selected for
further studies.
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Figure 1. Selective ligands for o;-adrenoceptor subtypes; o;a-adrenoceptors selective antagonists: 1 (5-methylurapidil), 2 (KMD-3213); og-adrenoceptors selective
antagonists: 3 (cyclazosin), 4 (spiperone); o;p-adrenoceptors selective antagonists: 5 (WAY-100635), 6 (SNAP-8719).

d[ ' l d2
G.]A—AR
a

(XIB—AR
b

(X|D-AR
Cc

Figure 2. Pharmacophore models of subtype-selective o;-AR antagonists elaborated by Bremner et al.” for o1~ (a), ot15-(b) and o;p-(c) AR, respectively. P (red), protonated
nitrogen atom; HBA (green), hydrogen bond acceptor; A (yellow) aromatic system; H (blue), hydrophobic group, HBD (brown) hydrogen bond donor. Receptor activities and
subtypes-selectivity are determined by selected distances and angles value. Spatial descriptors, crucial for interaction with the receptor subtype: distances P-HBA (d;) and P-
A (d3), an angle HBA-P-A (y;) for o14-AR; distances P-A (d,), P-HBD (d3) and P-H (d4), angles A-P-HBD (7,) and HBD-P-H (y3) for oi45-AR; distances P-HBA (d;) and P-H (d,4),

an angle HBA-P-H (y4) for ol1p-AR.

Relating to our radioligand binding studies, it has been shown
by other groups that the rat brain cortex is not endowed with a un-
ique population of o;-AR subtypes; a14- and o3-ARs have been
identified in this tissue but not o;p-ARs.'? Therefore, the present
work is focused on an evaluation of compounds 7-18 for their
affinity at the three o,-AR subtypes, A, B or D, in functional bioas-
says. A further aim of the study is an analysis of geometrical fea-
tures of the phenylpiperazine hydantoin derivatives 7-18,
responsible for their o;-adrenoceptor subtypes-selectivity, based
on Bremner’s pharmacophore model.’

Compounds 7-18 were assessed for their antagonist affinity at
o;-adrenoceptor subtypes by inhibition of noradrenaline-induced
contractions.’® o;5-ARs mediate the contractile response to nor-
adrenaline in rat tail artery.'* We could recently show that the
rat tail artery is also endowed with contractile o;3-ARs and that
each component of contraction is separable by use of o/;3-AR alkyl-
ation and selective o;,-AR blockade, respectively.'? In addition, we
used the guinea pig spleen as a bioassay for the a;g-AR, because
functional o;5-ARs are also highly expressed in this tissue.!® It
should be mentioned that affinities for subtype-selective antago-
nists at ayg-ARs of guinea pig spleen significantly correlated with
rat liver o,;5-AR binding sites.'® Moreover, subtype-selective antag-
onists showed similar affinities at guinea pig and rat o;p-ARs.'®
Therefore, species differences appear not play a role in our studies
on o1-ARs using rat and guinea pig tissue. The isolated rat thoracic
aorta represents a well-established bioassay for o;p-ARs.!” In each

case, two cumulative concentration-response curves to noradren-
aline (NA) were determined on each tissue at an interval of 60 min
in the absence and presence of antagonist. The full details for the
functional bioassays method have been described in the Supple-
mentary data. Affinities of compounds 7-18 for o;-AR subtypes
are summarised in Table 2; the blocking properties of selected
compounds against noradrenaline are shown in Figure 4.

Compound 11, 1-(3-(4-(2-ethoxyphenyl)piperazin-1-yl)-2-hyd-
roxypropyl)-3-methyl-5,5-diphenylimidazolidine-2,4-dione, showed
the highest affinity at the o;4-AR subtype (apparent pA, =7.59),
whereas methyl 2-(3-(2-hydroxy-3-(4-(2-methoxyphenyl)pipera-
zin-1-yl)propyl)-2,5-dioxo-4,4-diphenylimidazolidin-1-yl)propi-
onate (8), an ester derivative, was the most potent at oi;p-AR (Table
2). In the case of oyg-adrenoceptor, 1-(3-(4-(2-ethoxyphenyl)
piperazin-1-yl)-2-hydroxypropyl)-5,5-diphenylimidazolidine-2,4-
dione hydrochloride (18), a compound with free NH group at posi-
tion 3, was the most active one (Table 2).

Generally, the phenylpiperazine derivatives of hydantoin 7-18
represent three groups of activities. The first group (8-10, 13-15)
contains compounds with higher activities at o, 5- and o/yp-adreno-
ceptor subtypes and significantly lower potency at o;g-subtypes.
Compounds 7, 11 and 12 belong to the second group with the
highest activity at o;4-AR and significantly lower potency at both
o1g- and op-subtypes. The both groups (7-15) possess alkyl- or
ester substituent at N3-position of hydantoin. The third group,
compounds with free NH-moiety in position 3 of hydantoin
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Cpd difA]  dfA]  d[A] dA] 1] 12" B3I 4[]
(P-HBA) (P-A) (P-HBD) (P-H) (A-P-HBA) (A-P-HBD) (H-P- HBD) (H-P-HBA)
"0 7.1 5.5 - - 100 - - -
“Oup - 6.2 4.9 7.8 - 52 57 -
Oip 4.5 - - 5.4 - - - 47
7 5.15(1) 5.88(1) - 5.68 - - 44 (1)
8.11(2) 8.05(2) 122 (3)
8.13 (3)
8 5.13(1)  5.53(1) - 5.68 - - 443 (1)
8.21(2) 8.05(2) 138 (3)
9.61 (3)
9 5.11(1) 6.10(1) - 5.68 139 (1) - - 439 (1)
8.22(2) 17.01(2)
10 5.13 (1) 6.08(1) - 5.68 140 (1) - - 43.8 (1)
8.22(2) 17.95(2)
11 5.12(1) 6.09(1) - 5.68 139 (1) - - 43.6 (1)
8.22(2) 8.08(2)
12 5.14 (1) 6.05(1) - 5.68 - - 439 (1)
8.18(2) 8.05(2) 124 (3)
8.58 (3)
13 5.13(1) 6.04(1) - 5.68 124 (3) - - 44 (1)
821(2) 8.05(2)
8.61 (3)
14 5.12(1)  6.2(1) - 5.69 - - 442 (1)
8.25(2) 8.02(2) 123 (3)
8.23 (3)
15 5.14 (1) 5.90) - 5.69 - - 44.5 (1)
821(2) 8.02(2) 124 (3)
8.13 (3)
16 5.11(1) 6.14(1) 7.4 5.69 138 (1) 41.8 145.8 43.6 (1)
8.26(2) 8.06(2)
17 5.11(1) 6.06(1) 7.4 5.69 139 (1) 423 146.4 43.6 (1)
8.26 (2) 8.06(2)
18 5.13(1) 6.09(1) 7.39 5.69 140 (1) 42.8 146.7 43.6 (1)
8.23(2) 8.07(2)

“Parameters of pharmacophore models

Figure 3. Structural parameters of compounds 7-18 in the comparison with Bremner’s pharmacophore models’ for oia-, o~ and oyp-adrenoceptor antagonists,
respectively. Distances and angles, according to Figure 2, were evaluated based on molecular modelling calculation. Numbers in parenthesis indicate alternative HBA or A,

according to those of compound 7 (shown in the pictures).

(16-18), displayed the highest activity at o45-AR subtypes
(Table 2).

Molecular modelling was performed to search for 3D-structure
properties of arylpiperazine derivatives (7-18) responsible for dis-
crimination between the o-AR subtypes, A, B and D, based on
three pharmacophore models of Bremner et al.” The calculations
were carried out using Schrddinger Maestro molecular modelling
environment.'® The 3D molecule structures of compounds 7, 8
and 10-18 were built based on the crystal structure of 9.'° A con-
formational search was performed using the Monte Carlo method
(MCMM) as implemented in MacroModel 9.7.'° The geometry of
the lowest energy structures obtained from the conformational
analysis was finally optimised using density functional theory with
Becke three-parameter B3LYP functional.?®?! The 6-31G(d,p) basis
set was applied. The DFT calculations were carried out using the
GAussiAN 03 suite of programs.?? The lowest-energy conformer for
each compound was elected as representative for real 3D-struc-

ture, and its geometrical parameters were measured. Results of cal-
culated spatial properties in comparison with Bremner’s
pharmacophore model are shown in Figure 3.

Concerning spatial properties of a;s-adrenoceptor antagonist,
distances d, (P-HBA), d, (P-A) and a planar angle y; (A-P-HBA)
were under consideration (Figs. 2 and 3). The hydantoin deriva-
tives 7-18 possess two (9-11, 16-18) or three (7, 8, 12-15) hydro-
gen bond acceptors (HBA-1, HBA-2, HBA-3) and two additional
aromatic fragments (A-1, A-2). The distances d;, possible for the
compounds 7-18, show low accordance with that for the ideal
oli1a-antagonist described by Bremner et al.” (7.1 A). Considering
HBA at 2-position of hydantoin (HBA-1), the distance dq(1) is sig-
nificantly lower (5.11-5.15 A) than that of pharmacophore model.
In the case of HBA on 04, described as d,(2), or on ester moieties,
described as d;(3), the distances are longer than 8 A for all tested
compounds (Fig. 3). Distances between positive ionisable centre
and one of the two aromatic rings, d, (P-A), show good agreements
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Table 1

Structure of arylpiperazine derivatives of hydantoin 7-18 and their binding affinities
(pK; values) at oy-adrenoceptors in rat brain cortex membranes. All compounds were

obtained and tested in racemic form

e 80

RS) ©
x HC1
Compd R! R? ol1-AR? pK;
7 ~CH,COOC,Hs OCH; 6.80
CHy
3 O._CHs OCH; 6.87
O
9 —CH, F 6.25
10 —CH; OCH; 6.79
1 —CH, 0C,Hs 6.92
12 ~CH,COOCH; H 6.38
13 ~CH,COOCH; OCH; 6.70
O,
14 CHs OCH; 6.98
O
CHs
O,
15 CHs 0C,Hs 6.78
(6]
16 H H 6.13
17 H OCH; 7.78
18 H 0C,Hs 7.17

3 pK; calculated using K; values described earlier.'”

Table 2

Antagonist affinities (apparent pA values) of phenylpiperazine derivatives 7-15 at

o14-ARs in rat tail artery, o;5-ARS in guinea pig spleen and o1p-ARs in rat aorta (RA)

Compd Affinity at o,-AR subtypes; apparent pA,?
Oy \b OB Olip

7 6.59 £ 0.07 4 5.71+£0.07 4 5.87 £ 0.05 4

8 7.19 £ 0.05 4 5.96 £ 0.08 4 7.15+0.03 8

9 6.05 £ 0.04 4 5.74 £ 0.08 4 6.61+0.13 4
10 6.80 + 0.04 4 6.02 + 0.04 4 6.85 + 0.06 4
11 7.59 £ 0.06 4 6.07 £ 0.15 4 6.71 £ 0.02 6
12 5.86 £ 0.06 4 544 +0.10 4 5.36+0.1 5
13 6.65 + 0.06 4 5.90 + 0.09 4 6.53 +0.02 4
14 6.81 +0.06 4 6.07 £0.11 4 6.46 + 0.1 6
15 6.80 £ 0.09 4 6.03 £ 0.09 4 6.57 £0.11 4
16 5.98 +0.02 4 6.34 £0.10° 4 5.84 + 0.06 4
17 6.87 £ 0.02 4 7.27 £0.07¢ 4 6.95 + 0.05 4
18 7.01 £0.04 4 7.34 £ 0.04¢ 4 6.86 + 0.09 4

@ Calculated from the equation pA, = —log [B] + log (r — 1). [B] is the molar con-
centration of the antagonist and r the ratio of agonist ECso measured in the presence
and absence of antagonist. The ECsq values were determined at the midpoint of each
concentration-response curve.

b Affinities in rat tail artery following selective oy o-AR protection with B8805-033
(3 uM) and alkylation of o1g-ARs with chloroethylclonidine (100 puM).

¢ Affinities in rat tail artery in the continuous presence of the selective o,;4-AR
antagonist B8805-033 (3 uM).

with that of ideal o 4-adrenoceptor antagonist (5.5 A) if the closer
aromatic ring of hydantoin (A-1) is considered (5.53-6.20 A). The
best accordance is observed for compound 8 that displayed affinity
at o a-subtype in the highest range (pA, = 7.19). In the whole pop-
ulation 7-18, the distance d,(1) is slightly longer (0.5-10%) than
that of pharmacophore model. According to the Bremner’s model,
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Figure 4. Contractile responses to noradrenaline (NA) in the absence and presence
of compounds 8, 11, 12, 13 and 14 in native tissues expressing ot;4-, oy~ and ot;p-
ARs. The data are means + SEM (vertical bars) from 4-8 separate experiments.

an angle y; should be in the range of 100° for an ideal o;5-adreno-
ceptor antagonist. Considering several variants of the angles y; in
the group of phenylpiperazine derivatives 7-18, obtuse angles, cor-
responding to that of Bremner’s model, were found for closer aro-
matic ring (A-1) and HBA in ester part (7, 8, 12-15) or for HBA-1 on
hydantoin O2-position (9-11, 16-18). In both cases, the angle 7,
values are significantly higher (22-40%) than that of an ideal
aija-adrenoceptor antagonist. In the case of pharmacophore model
for an ideal o;p-adrenoceptor antagonist, distances d; and d4 (P-H)
as well as an angle 7y, are limiting spatial factors. The three param-
eters are in close similarity for all compounds 7-18 which display
slightly longer distances d; (12-13%) and d, (5%) than those of the
oip-pharmacophore model and almost identical acute angle )4
(44-45°) as that of the Bremner's model (47°) in case of HBA-1
(Fig. 3). Despite of these results, the activities of compounds
7-18 (Table 2) at o p-adrenoceptors distinctly differed in values
of pA, (pA, = 5.36-7.15). Bremner’s model for an ideal o/13-adreno-
ceptor antagonist is focused on five factors (Fig. 3), including
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distances d,-d4 and angles y, (A-P-HBD) and y; (H-P-HBD). These
factors can be detected only in compounds 16-18. Compounds 7-
15 are lack of hydrogen bond donor (HBD) at the N3-hydantoin
fragment, a crucial feature for o;g-affinity and selectivity.” Results
of our functional bioassays confirmed this hypothesis of Bremner’s
pharmacophore model. Compounds with HBD at free NH-group
(16-18) displayed distinct selectivity for o,;g-adrenoceptor subtype
(Table 2) while the rest of compounds (7-15) showed the lowest
activity at oi;g-AR comparing to both, o;4- and aoyp-adrenoceptors
(Table 2). Nevertheless, values of the additional factors (ds, 7,,
y3), appearing in compounds 16-18, are in a weak accordance with
those of Bremner’s og-pharmacophore model. The distance ds
(7.4 A) is much longer than that of an ideal o;g-antagonist
(4.9 A). The angles y, and y; were described by Bremner et al.” as
acute angles, in a comparable range of 52° and 57°, respectively.
In the case of compounds 16-18, the angle 7y, is slightly lower
(42-43°) while the y3 one is in the huge divergence (146-147°).
During the analysis of factors common for the whole population

7-18 (d, and d,), it can be observed a good coherency with the
pharmacophore model for d,-values (5.88-6.20 A) of 7-18 which
differs from the ideal distance (6.20A) in 0-10%, respectively
(Fig. 3). The highest accordance has been observed in the case of
compound 14 that was a most active at o;3-AR (Table 2) among
compounds without HBD-moiety (7-15). The distances d4 (P-H),
calculated for all population 7-18, are much lower (5.7 A) than that
of the ideal o;g-antagonist described by Bremner et al.” These
quantitative differences in the distances and angles in comparison
to pharmacophore features might be responsible for some decrease
of activities of compounds 7-18 comparing to subnanomolar activ-
ity of reference antagonists (Fig. 1).

In conclusion, results from functional bioassays, performed for
phenylpiperazine derivatives of hydantoin 7-18, confirmed the
submicromolar range of affinities of the compounds for o;-adreno-
ceptors obtained in radioligand binding assays. SAR-studies indi-
cated the influence of N3-hydantoin substituent on o-
adrenoceptor subtype-selectivity. Compounds with N3-alkyl- or
N3-ester end had much higher activities at oy4- and/or op-
adrenoceptors than those at oyg-adrenoceptors, whereas com-
pounds with an unsubstituted fragment N3-H, creating a hydrogen
bond donor, were, distinctly, the most active at o;g-adrenoceptor
subtypes. Pharmacophore based molecular modelling studies indi-
cated that the results have been in a good qualitative agreement
with Bremner’s pharmacophore model elaborated for each oy-
adrenoceptor subtype, A, B and D. Especially, the role of a hydrogen
bond donor for the affinity and selectivity at og-adrenoceptors,
postulated by Bremner et al.,” was distinctly confirmed by the
present study. Some quantitative divergence from ideal distances
and angles, postulated in Bremner’s pharmacophore model, was
observed that could be considered as factors limiting receptor
affinity and selectivity in the presented group of phenylpiperazine
hydantoin derivatives.
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