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Novel N-{�-[4-(2-methoxyphenyl)piperazin-1-yl]ethyl}pyrid-2(1H)-ones
with diversified 5-HT�� receptor activity. M.H. PALUCHOWSKA, R. BUG-
NO, S. CHARAKCHIEVA-MINOL, A. WESO£OWSKA, E. CHOJNAC-
KA-WÓJCIK. Pol. J. Pharmacol., 2002, 54, 641–646.

Novel �-[4-(2-methoxyphenyl)piperazin-1-yl]ethyl derivatives 1–6 con-
taining 4-, 5- and/or 6-arylsubstituted pyrid-2(1H)-one moiety were synthe-
sized. All the new compounds were examined in vitro to assess their 5-HT��

and 5-HT�� receptor affinities. Compounds 3 and 4 with a 5- or a 6-phe-
nylsubstituted pyridone ring demonstrated high 5-HT�� receptor affinity
(K� = 17 and 38 nM, respectively) and were tested in behavioral functional
models. Derivative 3 can be regarded as a weak 5-HT�� postsynaptic antago-
nist, whereas 4 showed features of a weak partial agonist of 5-HT�� recep-
tors (an agonist of pre- and an antagonist of postsynaptic ones). Binding af-
finities and in vivo results were discussed in comparison with those for the
previously described tetramethylene analogs. The obtained results showed
that the shortening of the aliphatic chain to two methylene groups exposed
the intrinsic activity of the ligand 4 at 5-HT�� receptor sites.

Key words: pyrid-2(1H)-one derivatives, arylpiperazine 5-HT�� receptor
ligands, functional 5-HT�� receptor activity
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INTRODUCTION

The search for selective model compounds that
would serve as tools to investigate ligand–receptor in-
teractions has been a superior goal of a great number
of studies in the field of medicinal chemistry. Aryl-
piperazines with an aliphatic chain at the piperazine
N4 atom, bearing an amide or imide moiety as the
second pharmacophore system, are known to bind
with high affinity for 5-HT�� receptors [10]. Such
ligands with a spacer of two to five carbon atoms in
length usually show optimal 5-HT�� receptor affinity
[9, 17]. Small structural changes in the length of the
alkyl chain [13, 20] or in the amide/imide substruc-
ture [4, 16, 18] can influence affinity, selectivity and
type of functional activity (agonist vs antagonist) of
the investigated compounds.

We previously described a series of �-[4-(2-
methoxyphenyl)piperazin-1-yl]alkyl derivatives with
terminal pyrid-2(1H)-one fragments, containing a tri-
and a tetramethylene linking bridge that showed di-
versified 5-HT��/5-HT � receptor affinity [19]. To
continue the structure-activity relationship study
with arylpiperazine ligands of 5-HT�� receptors,
we presently focussed our attention on pyridone
derivatives with a dimethylene aliphatic spacer.
Moreover, the aromatic moiety was modified by in-
troducing an aryl substituent at positions 4, 5 and/or
6 of the pyridone ring. The influence of such struc-
tural modifications on the 5-HT�� receptor activity
of the new compounds was tested in in vitro bind-
ing studies and in behavioral functional models.
Additionally, the 5-HT � receptor affinity of the
synthesized compounds was also determined.

MATERIALS and METHODS

CHEMISTRY

The synthesis of the investigated compounds is
shown in Figure 1. The starting 4- and 6-phenyl-
pyrid-2(1H)-ones [22], as well as the 5-phenyl de-
rivative [6] were obtained according to the previ-
ously described methods. For the synthesis of 4,6-
diarylpyrid-2(1H)-ones, Katritzky’s method was
applied [12]. Compounds 1–6 were formed with
the excellent yields in the reaction of the appropria-
tely substituted pyrid-2-one with 4-(2-chloroethyl)-
1-(2-methoxyphenyl)piperazine in boiling acetoni-
trile in the presence of an alumina-supported potas-
sium fluoride [15]. The products were purified by
column chromatography on silica gel; the eluents
are shown in Table 2. The structure of all the new
compounds was confirmed by �H NMR spectra.
For biological assays, the obtained free bases were
converted into hydrochloride salts in acetone with
an excess of Et O saturated with gaseous HCl. Mo-
lecular formulae and molecular weights of the salts
were established on the basis of an elemental
analysis and are shown in Table 1.
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Table 1. Structure of the investigated compounds and their affinities for the 5-HT�� and 5-HT�� receptors

Compound R R� R�

K� (nM) 5-HT��/5-HT��

selectivity
5-HT�� 5-HT��

1 H H H 220 ± 15 4780 ± 20 21.7

2 Ph H H 360 ± 9 3700 ± 18 10.3

3 H Ph H 17 ± 1 2680 ± 13 157.6

4 H H Ph 38 ± 6 320 ± 70 8.4

5 Ph H Ph 1570 ± 50 5300 ± 45 3.4

6 Ph H p-OCH�Ph 2800 ± 90 3650 ± 30 1.3
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(CH2)2N
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Fig. 1. Methods of preparation of new compounds



PHARMACOLOGY

In vitro studies

Radioligand binding studies were conducted on
the following structures of rat brain: on the hippo-
campus for 5-HT�� receptors and on the cortex for
5-HT � receptors according to the method used
previously [3]. The binding affinity of the investi-
gated compounds for 5-HT�� and 5-HT � receptors
was evaluated on the basis of their ability to dis-
place ["H]-8-OH-DPAT (222 Ci/mmol, Amersham)
and ["H]-ketanserin (63,3 Ci/mmol, NEN Chemi-
cals), respectively. The Cheng and Prusoff equation
[5] was used for K calculations. K values were de-
termined from at least three competition binding
experiments in which 10–14 drug concentrations,
run in triplicate, were used.

In vivo experiments

The experiments were performed on male Wis-
tar rats (250–300 g) or male Albino Swiss mice
(24–28 g). The animals were kept at a room tem-
perature (20 ± 1°C) on a natural day–night cycle
(January–March), and were housed under standard
laboratory conditions. They had free access to food
and tap water before the experiment. Each experi-
mental group consisted of 6–8 animals/dose, and
all the animals were used only once. 8-Hydroxy-
2-(di-n-propylamino)tetralin hydrobromide (8-OH-

DPAT, Research Biochemical Inc.), and N-{2-[4-
(2-methoxyphenyl)-1-piperazinyl]ethyl}-N-(2-pyri-
dinyl)cyclohexanecarboxamide trihydrochloride
(WAY 100635, synthesized by Dr. J. Boksa, Insti-
tute of Pharmacology, Polish Academy of Sciences,
Kraków, Poland) were used as aqueous solutions.
Compounds 3 and 4 were suspended in a 1% aque-
ous solution of Tween 80. 8-OH-DPAT and WAY
100635 were injected subcutaneously (sc), 3 and 4

were given intraperitoneally (ip) in a volume of
2 ml/kg (rats) and 10 ml/kg (mice). The obtained
data were analyzed by a one-way ANOVA, fol-
lowed by Dunnett’s test (when only one drug was
given), or by the Newman-Keuls test (when two
drugs were administered).

Body temperature in mice

The effects of the tested compounds given
alone on rectal body temperature in mice (measu-
red with an Ellab thermometer) were recorded 30,
60, 90 and 120 min after their administration. In
other experiments, the effect of WAY 100635 (0.1
mg/kg) on the hypothermia induced by compounds
3, 4 or 8-OH-DPAT was tested. WAY 100635 was
administered 15 min before 3, 4 or 8-OH-DPAT,
and rectal body temperature was recorded 30 and
60 min after injection of the tested compounds. The
results were expressed as a change in body tem-
perature (�t) with respect to basal body temperature,
measured at the beginning of the experiment.
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Table 2. Physicochemical data of new compounds

Compound M.p. (°C)
Cryst. solvent�

Yield�

(%)
Eluents for column
chromatography�

Molecular formula
(mol. weight)	

1 219–221
ethanol

99 A C�
H��N�O� · 2HCl · 2.5H�O
(431.4)

2 238–240
ethanol

99 C C��H��N�O� · HCl · 0.5H�O
(435.0)

3 132–134
ethanol

64 A then C C��H��N�O� · 2HCl · 1.5H�O
(489.4)

4 194–196
ethanol

82 B C��H��N�O� · HCl · 0.75H�O
(439.5)

5 180–182
ethanol-diethyl ether

66 E then C C�H��N�O� · 2HCl
(538.5)

6 154–156
ethanol-diethyl ether

74 F then D C��H��N�O� · 2HCl · 4H�O
(640.6)

� for salts; � for free bases; � A – chloroform : methanol (49:1), B – chloroform : methanol (19:1), C – ethyl acetate : chloroform (2:1),
D – ethyl acetate : chloroform (1:2), E – chloroform, F – ethyl acetate : n-hexane (1:1); 	 calculated from elemental analysis



Lower lip retraction (LLR) in rats

The LLR was assessed according to the method
described by Berendsen et al. [2]. The rats were in-
dividually placed in cages (30 × 25 × 25 cm), and
were scored three times: at 15, 30 and 45 min after
administration of the tested compounds, as follows:
0 = lower incisors not visible, 0.5 = partly visible,
1 = completely visible. The total maximum score
amounted to 3/rat. The effect of the studied com-
pounds on the LLR induced by 8-OH-DPAT
(1 mg/kg) was tested in a separate experiment. The
compounds were administered 45 min before
8-OH-DPAT, and the animals were scored 15, 30
and 45 min after 8-OH-DPAT administration.

RESULTS and DISCUSSION

The new synthesized compounds 1–6 were exa-
mined in vitro for their binding affinities for 5-HT��

and 5-HT � receptors. The results are shown in Ta-
ble 1. Compound 1 with an unsubstituted pyrid-2-
(1H)-one fragment demonstrated moderate affinity
for 5-HT�� receptors (K = 220 nM). Introduction
of the phenyl substituent into position 5 or 6 of the
pyridone ring resulted in a significant increase in
affinity of derivative 3 and 4 (K = 17 and 38 nM,
respectively). In contrast, the phenyl substituent
in position 4 influenced disadvantageously 5-HT��

receptor affinity; for derivative 2, the value K =

380 nM. In our previous publication, we described
series of unsubstituted and monoarylsubstituted
pyridones with a trimethylene spacer, which de-
monstrated low 5-HT�� receptor affinity (the K

values ranged from 86 to 490 nM), whereas in the
case of their tetramethylene counterparts, the ap-
propriate binding constants had very high values
(K = 15–40 nM) regardless of the mode of pyri-
done ring substitution [19]. The shortening of an
aliphatic chain to two methylene groups did not
change the high 5-HT�� receptor affinity in the
case of 5- (3) and 6-phenyl (4) derivatives (Tab. 1)
in comparison with their tetramethylene analogs
whose K values equalled 15 and 31 nM, respec-
tively. On the other hand, a tenfold decrease in the
potency of compound 2 with a 4-phenyl substituted
amide moiety was observed in comparison with its
previously described tetramethylene analog (K =
40 nM) [19]. Further extension of the terminal ami-
de fragment by introduction of the second aryl sub-
stituent into the pyridone system (compounds 5 and
6) resulted in distinct diminution of 5-HT�� affinity
(K = 1570 and 2800 nM, respectively).

All the compounds of the presented series exhi-
bited low affinity for 5-HT � receptors (K = 320–
5300 nM).

Compounds 3 and 4, which showed the highest
affinity for 5-HT�� receptors (K < 50 nM), were
selected to determine their functional profile at
those binding sites. Both those compounds at doses
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Table 3. The effect of investigated compounds on the body temperature in mice

Treatment
Dose

mg/kg

�t ± SEM °C

30 min 60 min 90 min 120 min

Vehicle – –0.2 ± 0.1 –0.3 ± 0.1 –0.1 ± 0.1 –0.2 ± 0.1

3 10 –0.9 ± 0.2� –0.5 ± 0.1 –0.5 ± 0.1 0.1 ± 0.1

20 –2.6 ± 0.3� –0.8 ± 0.2� –0.5 ± 0.1 –0.4 ± 0.1

Vehicle – –0.3 ± 0.1 –0.3 ± 0.1 –0.3 ± 0.1 –0.3 ± 0.1

4 10 –0.8 ± 0.2 –0.7 ± 0.2 –0.6 ± 0.2 –0.3 ± 0.1

20 –1.8 ± 0.2� –0.9 ± 0.2� –0.4 ± 0.2 –0.1 ± 0.1

Vehicle – –0.2 ± 0.1 0.1 ± 0.1 –0.1 ± 0.1 –0.2 ± 0.1

8-OH-DPAT 5 –1.3 ± 0.1� –0.8 ± 0.1� 0 ± 0.2 –0.3 ± 0.1

WAY 100635 0.1 –0.1 ± 0.2 –0.2 ± 0.1 –0.1 ± 0.1 –0.1 ± 0.1

The investigated compounds were administered 30 min before the test. The mean initial body temperatures were within a range 36.7 ±
0.3°C. N = 6–8; � p < 0.05, � p < 0.01 vs vehicle



of 10–20 mg/kg, given alone – like the 5-HT�� re-
ceptor agonist, 8-OH-DPAT (5 mg/kg) – decreased
mouse body temperature (Tab. 3). The hypothermic
effects observed after administration of derivative 4

(20 mg/kg) or 8-OH-DPAT (5 mg/kg) were attenu-
ated or abolished, respectively, by WAY 100635
(0.1 mg/kg), a 5-HT�� receptor antagonist [8] (Tab. 4).
Since it is commonly accepted that the hypother-

mia induced by 8-OH-DPAT in mice is connected
with presynaptic 5-HT�� receptor activation [11,
14] and is abolished by such antagonists of 5-HT��

receptors as, e.g. WAY 100635 [8] or WAY 100135
[7, 21], it may be proposed that the hypothermic ef-
fect evoked by 4 results from stimulation of 5-HT��

receptors, probably located presynaptically. Con-
trariwise, the decrease in mouse body temperature
induced by 3 was not sensitive to WAY 100635
(Tab. 4), excluding the contribution of 5-HT�� re-
ceptors.

As it has been described earlier, the administra-
tion of 8-OH-DPAT to rats induces lower lip retrac-
tion (LLR), the effect connected with stimulation
of postsynaptic 5-HT�� receptors [1, 2]. The LLR
induced by 8-OH-DPAT is abolished by 5-HT�� re-
ceptor antagonists such as, e.g. WAY 100635 or
WAY 100135 [8, 21]. In this paper, we demonstra-
ted that compound 4 (20 mg/kg), but not 3 (10–20
mg/kg), given alone produced a weak (17% of the
possible maximum effect) and statistically insignifi-
cant LLR in rats, whereas 8-OH-DPAT (1 mg/kg)
induced 93% of the possible maximum effect. At
the same time, compounds 3 (20 mg/kg) and 4

(10–20 mg/kg) inhibited the LLR induced by
8-OH-DPAT, either showing a profile of a weak
postsynaptic 5-HT�� receptor antagonist. In this
model, WAY 100635 completely abolished the ef-
fect of 8-OH-DPAT (Tab. 5).

The described results of in vivo studies showed
that derivative 4 with 6-phenyl substituted pyri-
done ring could be classified as a weak partial ago-
nist of 5-HT�� receptors (an agonist of pre- and an
antagonist of postsynaptic ones), while 5-phenyl
substituted compound 3 can be regarded as a weak
antagonist of postsynaptic 5-HT�� receptors. It is
noteworthy that the tetramethylene analogs of 3

and 4 have been found to exhibit features of post-
synaptic 5-HT�� receptor antagonists [19].

It is concluded that the shortening of the ali-
phatic spacer in the ligands of the discussed series
exposes their intrinsic activity at 5-HT�� receptors,
i.e. some agonistic activity, which, however, was
detected only for derivative 4.
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