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Two series of novel 4-ethyl- or 4-propyl-1-arylpiperazines (5–12) with
the 4,4’-disubstituted diphenylmethylamino (series a) or the diphenyl-
methoxy (series b) terminal fragment were synthesized and evaluated for
their binding affinity at 5-HT�� and 5-HT�� receptors. The influence of the
introduction of 4-methyl, 4-chloro or 4-fluoro substituents at both phenyl
rings of that terminal moiety on in vitro and in vivo 5-HT�� receptor activity
of those modified compounds was discussed. Compounds 5a, 6a, 9a–12a,
5b, 6b, 9b, 11b and 12b displayed high to fairly high affinity for 5-HT�� re-
ceptors (K� = 2.4–72 nM). Compounds of both series showed low or very
low 5-HT�� receptor affinity (K� = 155–5400 nM). Amines 5a, 6a, 11a, and
their ether analogs 5b, 6b and 11b, also possessed high or moderate ��-adreno-
ceptor affinity (K� = 6–104 nM). The functional activity of compounds 5a,
6a, 9a–12a, 5b, 8b, 9b, 11b and 12b was tested in vivo in the commonly
used animal models. The majority of those ligands behaved like 5-HT�� re-
ceptor antagonists, their influence on the pre- and/or postsynaptic sites being
diverse, though. They exhibited characteristics of partial agonists of post-
synaptic 5-HT�� receptors (11a), of weak antagonists of pre- and postsynap-
tic sites (12a, 9b), of antagonists of presynaptic (5a) or of antagonists of
postsynaptic 5-HT�� receptors (9a, 10a, 5b, 8b, 11b and 12b) while, 6a was
devoid of functional activity at those receptors. The above findings indicate
that introduction of 4-methyl, 4-chloro or 4-fluoro substituents to the diphenyl-
methyl part of the 1-(2-methoxyphenyl)piperazines tested in vivo may mod-
ify their 5-HT�� receptor functional activity.
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INTRODUCTION

It has been well established that 5-HT�� recep-
tors are involved in a number of physiological and
behavioral effects [1, 10]. 5-HT�� receptor agonists
and partial agonists show potential anxiolytic and
antidepressive properties [7]; moreover, antago-
nists of these receptors have recently been sug-
gested to have a potential clinical application in the
treatment of, for example, anxiety or Alzheimer’s
disease [13, 22, 23]. On the other hand, the relative
contribution of pre- and/or postsynaptic 5-HT�� re-
ceptors to the anxiolytic effects of 5-HT�� receptor
ligands has not been explicitly determined so far [6,
7, 9, 15, 20, 25]. Thus, new selective 5-HT�� recep-
tor ligands with diverse intrinsic activity at pre-
and/or postsynaptic receptor sites still need precise
determination of the optimal functional profile re-
quired for their therapeutic utility. Of several
classes of compounds that are known to bind to
5-HT�� receptor sites, the most important and the
most thoroughly studied ones belong to the aryl-
piperazine group of ligands [14].

In our previous paper [21], we described aryl-
piperazines 1a–4a and 1b–4b (Tab. 1) containing
a diphenylmethylamino and a diphenylmethoxy
fragment, respectively, as a second pharmacophore.
Both pharmacophores were connected to an ethyl-
ene or a trimethylene aliphatic spacer. Compounds
1a, 1b and 3b were found to show high 5-HT�� re-
ceptor affinity (K� = 1.5–35 nM) and diverse
5-HT��/5-HT�� receptor selectivity, as well as to
produce effects characteristic of antagonists of
postsynaptic 5-HT�� receptor sites in behavioral in

vivo tests. Furthermore, 1b exhibited features of an
agonist of presynaptic 5-HT�� receptors. Deriva-
tive 3a exhibited mixed 5-HT��/5-HT�� receptor
activity in in vitro and in vivo tests, and behaved

like a partial agonist of postsynaptic 5-HT�� recep-
tor sites and an antagonist of 5-HT�� ones.

To search for selective model compounds which
could serve as tools to examine ligand–5-HT�� re-
ceptor interactions, we modified the terminal di-
phenylmethylamino or diphenylmethoxy fragment
of the above-mentioned group of arylpiperazines
by introducing methyl, chloro or fluoro substituents
at position 4 of both the phenyl rings. We tried to
determine whether such structural modifications
would affect the in vitro and in vivo 5-HT��/5-HT��
receptor activities of compounds belonging to that
group. Additionally, the affinity for ��-adrenocep-
tors was also determined for some yielded 5-HT��
receptor ligands, since the majority of arylpiperazi-
nes are known to bind to these receptor sites [4, 12,
19].

MATERIALS and METHODS

Chemical part

The structures of newly synthesized compounds
5a–12a and 5b–12b are given in Table 1 and the
methods used for their synthesis are shown in Fig-
ures 1 and 2. The structure of new derivatives was
confirmed by their �H NMR spectra (for free ba-
sis). The obtained compounds of both series were
converted into either hydrochloride or fumarate
salts and their molecular formulae were established
on the basis of an elemental analysis. Melting
points were determined using an Electrothermal
Digital Melting Point IA9000 apparatus and were
uncorrected. �H NMR spectra were obtained on
a Varian EM-360L (60 MHz) spectrometer in
CDCl! solutions with tetramethylsilane as an inter-
nal standard. All products were routinely checked
by TLC using Merck silica gel 60-F�'# plates (de-
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tection at 254 nm). Column chromatography sepa-
rations were carried out on Merck silica gel 60.

Source and preparation of the starting reagents

1-(2-Methoxyphenyl)- and 1-(3-chlorophenyl)-
piperazine hydrochlorides were commercially avail-
able (Sigma–Aldrich). The starting 4,4’-disubsti-
tuted diphenylmethylamines were obtained ac-
cording to the published method [11]. Following
1-aryl-4-(3-chloropropyl)piperazines were prepared
according to the procedure described by Mokrosz
et al. [18] for the preparation of N-(3-chloropro-
pyl)-1,2,3,4-tetrahydroisoquinoline.

1-(3-Chlorophenyl)-4-(3-chloropropyl)pipera-

zine: oil, yield 85%. �H NMR �: 1.7–2.3 (m, 2H),
2.3–2.9 (m, 6H), 3.0–3.4 (m, 4H), 3.65 (t, J = 7 Hz,
2H), 6.8–7.5 (m, 4H).

4-(3-Chloropropyl)-1-(2-methoxyphenyl)pipe-

razine: oil, yield 82%. �H NMR �: 1.7–2.2 (m,
2H), 2.3–2.8 (m, 6H), 2.8–3.2 (m, 4H), 3.55 (t, J =
7 Hz, 2H), 3.8 (s, 3H), 6.9 (s, 4H).

Preparation of 1-aryl-4-(2-chloroethyl)pipe-

razines: a mixture of 1-(2-methoxyphenyl)- or
1-(3-chlorophenyl)piperazine (free base, 30 mmol).
2-bromoethanol (120 ml), and anhydrous K�CO!

(90 mmol) in n-butanol (100 ml) was heated under
reflux for 7 h. The mixture was concentrated in va-
cuo and the residue was treated with water and ex-
tracted with CHCl!. Organic layers were combined,
washed with water and dried over anhydrous
K�CO!. The solvent was evaporated and 2-hydroxy-
ethyl derivatives were obtained as pure enough oils
with very good yields (80–90%). To the stirring so-
lution of resulting crude alcohol in CHCl! (100 ml)

the solution of SOCl� (4.5 ml) in CHCl! (50 ml)
was added dropwise at the room temperature. Re-
action mixture was allowed to stand at room tem-
perature for 7 days. The solvent and the remaining
SOCl� was evaporated in vacuo and the residue
was treated with acetone and filtered off. The ob-
tained hydrochloride was dissolved in water, neu-
tralized with aqueous NH! (25%) and extracted
with CHCl! (dried over anhydrous K�CO!). After
evaporation of the solvent, the desired pure prod-
ucts were obtained:

4-(2-Chloroethyl)-1-(2-methoxyphenyl)pipera-

zine: oil, yield 92%. �H NMR �: 2.4–2.9 (m, 6H),
2.95–3.3 (m, 4H), 3.65 (t, J = 7 Hz, 2H), 3.85 (s,
3H), 6.95 (s, 4H).

4-(2-Chloroethyl)-1-(3-chlorophenyl)pipera-

zine: oil, yield 95%. �H NMR �: 2.4–2.9 (m, 6H),
3.0–3.4 (m, 4H), 3.6 (t, J = 7 Hz, 2H), 6.7–7.4 (m,
4H).

General procedure for synthesis of compounds

5a–12a

These compounds were obtained in the reaction
of equimolar amounts (2 mmol) of appropriate di-
arylmethylamines [11] with 1-aryl-4-(�-chloro-
alkyl)piperazines by using a general procedure pre-
viously reported for the preparation of compounds
1a–4a [21]. The reaction was carried out in
n-butanol in the presence of a 10% excess of
NaHCO! for 6–25 h. Final products 5a–12a were
separated by column chromatography using SiO�

and CHCl! followed by CHCl!/CH!OH = 19/1 as
eluents. The free bases were dissolved in acetone,
treated with an excess of diethyl ether saturated
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with dry, gaseous HCl and kept in refrigerator to
give colorless crystalline salts.

4-{2-[Bis(4-methylphenyl)methylamino]eth-

yl}-1-(2-methoxyphenyl)piperazine (5a): pale
yellow oil (70%). Reaction time: 20 h. �H NMR �:
2.2 (s, 1H), 2.3 (s, 6H), 2.5–2.9 (m, 8H), 2.9–3.3
(m, 4H), 3.85 (s, 3H), 4.8 (s, 1H), 6.8–7.5 (cluster,
12H). 5a · 3HCl · 2H

�
O: mp 228–230°C. Analysis

for C�*H!'N!O · 3HCl · 2H�O (575.0): C,H,N.
4-{3-[Bis(4-methylphenyl)methylamino]pro-

pyl}-1-(2-methoxyphenyl)piperazine (6a): color-
less crystals (61%). mp 70–71C. Reaction time:
21 h. �H NMR �: 1.4–2.0 (m, 2H), 2.2 (s, 6H), 2.35
(br s, 1H), 2.45–2.85 (m, 8H), 2.85–3.25 (m, 4H),
3.85 (s, 3H), 4.8 (s, 1H), 6.7–7.5 (cluster, 12H). 6a

· 3HCl · 1.8H
�
O: mp 145–147°C. Analysis for

C�+H!,N!O · 3HCl · 1.8H�O (585.4): C,H,N.
1-(3-Chlorophenyl)-4-{2-[bis(4-methylphenyl)-

methylamino]ethyl}piperazine (7a): pale yellow
oil (54%). Reaction time: 6 h. �H NMR � 2.3
(s, 6H), 2.35 (br s, 1H), 2.4–2.9 (m, 8H), 2.9–3.3
(m, 4H), 4.8 (s, 1H), 6.6–7.5 (cluster, 12H). 7a

· 2.7HCl: mp 240–241°C. Analysis for C�,H!�ClN!

· 2.7HCl (532.5): C,H,N.
1-(3-Chlorophenyl)-4-{3-[bis(4-methylphenyl)-

methylamino]propyl}piperazine (8a): pale yel-
low oil (48%). Reaction time: 6 h. �H NMR �:
1.35–1.95 (m, 2H), 2.0 (br s, 1H), 2.25 (s, 6H),
2.35–2.85 (m, 8H), 2.85–3.35 (m, 4H), 4.75 (s,
1H), 6.55–7.5 (cluster, 12H). 8a · 3HCl · 0.5H

�
O:

mp 162–163°C. Analysis for C�*H!#ClN! · 3HCl
· 0.5H�O (566.4): C,H,N.

4-{2-[Bis(4-chlorophenyl)methylamino]ethyl}-

1-(2-methoxyphenyl)piperazine (9a): colorless
crystals (28%). mp 87–89C. Reaction time: 21 h.
�H NMR �: 2.2 (br s, 1H), 2.4–2.9 (m, 8H), 2.9–3.2
(m, 4H), 3.85 (s, 3H), 4.85 (s, 1H), 6.95 (s,
4H),7.1–7.7 (m, 8H). 9a · HCl · 2.5H

�
O: mp

276–277°C. Analysis for C�)H�+Cl�N!O · HCl
· 2.5H�O (552.0): C,H,N.

4-{3-[Bis(4-chlorophenyl)methylamino]propyl}-

1-(2-methoxyphenyl)piperazine (10a): yellow oil
(56%). Reaction time: 21 h. �H NMR �: 1.5–2.1
(m, 2H), 2.4 (br s, 1H), 2.45–2.9 (m, 8H), 2.9–3.3
(m, 4H), 3.85 (s, 3H), 4.85 (s, 1H), 7.0 (s, 4H),
7.2–7.7 (m, 8H). 10a · 2HCl · H

�
O: mp 180–182°C.

Analysis for C�,H!�Cl�N!O · 2HCl · H�O · (575.4):
C,H,N.

4-{2-[Bis(4-fluorophenyl)methylamino]ethyl}-1-

(2-methoxyphenyl)piperazine (11a): pale yellow
oil (68%). Reaction time: 25 h. �H NMR �: 2.3–2.9

(cluster, 9H), 2.9–3.3 (m, 4H), 3.9 (s, 3H), 4.7 (s,
1H), 6.8–7.6 (cluster, 12H). 11a · 2HCl · 2H

�
O: mp

262–264°C. Analysis for C�)H�+F�N!O · 2HCl
· 2H�O (546.5): C,H,N.

4-{3-[Bis(4-fluorophenyl)methylamino]pro-

pyl}-1-(2-methoxyphenyl)piperazine (12a): pale
yellow oil (28%). Reaction time: 21 h. �H NMR �:
1.6–2.0 (m, 2H), 2.1 (br s, 1H), 2.3–2.9 (m, 8H),
2.9–3.3 (m, 4H), 3.85 (s, 3H), 4.8 (s, 1H), 6.8–7.7
(cluster, 12H). 12a · 2HCl · 1.5H

�
O: mp

156–158°C. Analysis for C�,H!�F�N!O · 2HCl ·
1.5H�O (551.5): C,H,N.

General procedure for synthesis of compounds

5b–12b

Commercially available 4,4’-disubstituted ben-
zophenones (20 mmol) were dissolved in anhy-
drous ethanol (100 ml) and NaBH# (40 mmol) was
added. Reactions were typically allowed to proceed
for 2 h after which time the excess alcohol was re-
moved in vacuo. The residue was treated with wa-
ter (100 ml) and extracted with CHCl!. Combined
organic layers were washed with water and dried
over anhydrous MgSO#, filtered and concentrated
in vacuo. Obtained benzhydrols (yield: 85–91%)
and equivalent amounts of 2-bromoethanol or 3-
chloropropanol and p-toluenesulfonic acid were
heated to reflux in benzene with azeotropic re-
moval of water by a Dean-Stark trap. Benzene was
evaporated and the residue was partitioned between
CHCl! and saturated NaHCO!, and the combined
organic layers were dried over anhydrous MgSO#.
Crude products were purified on the silica gel col-
umn, and eluted with CHCl!. Resultant oils (yield:
24–69%) were identified by �H NMR spectra as the
expected halogenoethers. Equivalent amounts
(1 mmol) of 1-(2-methoxyphenyl)- or 1-(3-chloro-
phenyl)piperazine, appropriate 4,4’-disubstituted
2-(diphenylmethoxy)ethyl bromide or 3-(diphenyl-
methoxy)propyl chloride were heated to reflux in
acetonitrile (30 ml) in the presence of a 10% excess
of triethylamine for 12–17 h (TLC control). The
solvent was evaporated and the residue was sepa-
rated on the column with silica gel (CHCl!/CH!OH
= 49/1 as an eluent) to afford expected products.
The free basis were dissolved in acetone, treated
with an equimolar amount of fumaric acid dis-
solved in acetone, and kept in refrigerator to give
colorless crystalline salts.

4-{2-[Bis(4-methylphenyl)methoxy]ethyl}-1-(2-

methoxyphenyl)piperazine (5b): pale yellow oil
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(56%). Reaction time: 14 h. �H NMR �: 2.3 (s, 6H),
2.6–2.95 (m, 6H), 2.95–3.4 (m, 4H), 3.65 (t, J = 7
Hz, 2H), 3.85 (s, 3H), 5.35 (s, 1H), 6.8–7.5 (cluster,
12H). 5b · C

�
H

�
O

�
· 0.75H

�
O: mp 179–180°C.

Analysis for C�*H!#N�O� · C#H#O# · 0.75H�O
(560.2): C,H,N.

4-{3-[Bis(4-methylphenyl)methoxy]propyl}-1-

(2-methoxyphenyl)piperazine (6b): yellow oil
(44%). Reaction time: 12 h. �H NMR �: 1.6–2.2
(m, 2H), 2.3 (s, 6H), 2.4–2.9 (m 6H), 2.9–3.3 (m,
4H), 3.75 (t, J = 7 Hz, 2H), 3.85 (s, 3H), 5.35 (s,
1H), 6.8–7.6 (cluster, 12H). 6b · C

�
H

�
O

�
· 0.5H

�
O:

mp 140–141°C. Analysis for C�+H!)N�O� ·
C#H#O# · 0.5H�O (569.7): C,H,N.

1-(3-Chlorophenyl)-4-{2-[bis(4-methylphenyl)-

methoxy]ethyl}piperazine (7b): pale yellow oil
(60%). Reaction time: 13 h. �H NMR �: 2.35 (s,
6H), 2.5–2.9 (m, 6H), 3.0–3.4 (m, 4H), 3.65 (t, J =
7 Hz, 2H), 5.4 (s, 1H), 6.7–7.5 (cluster, 12H). 7b

· C
�
H

�
O

�
: mp 154–156°C. Analysis for C�,H!�ClN�O

· C#H#O# (551.1): C,H,N.
1-(3-Chlorophenyl)-4-{3-[bis(4-methylphenyl)-

methoxy]propyl}piperazine (8b): pale yellow oil
(24%). Reaction time: 12 h. �H NMR �: 1.6–2.1
(m, 2H), 2.15–2.75 (m, 6H), 2.4 (s, 6H), 3.0–3.3
(m, 4H), 3.5 (t, J = 7 Hz, 2H), 5.3 (s, 1H), 6.7–7.5
(cluster, 12H). 8b · C

�
H

�
O

�
: mp 163–165°C. Analy-

sis for C�*H!!ClN�O · C#H#O# (565.1): C,H,N.
4-{2-[Bis(4-chlorophenyl)methoxy]ethyl}-1-

(2-methoxyphenyl)piperazine (9b): pale yellow
oil (58%). Reaction time: 17 h. �H NMR �: 2.5–2.9
(m, 6H), 2.9–3.3 (m, 4H), 3.55 (t, J = 7 Hz, 2H),
3.9 (s, 3H), 5.35 (s, 1H), 6.95 (s, 4H), 7.1–7.5 (m,
8H). 9b · C

�
H

�
O

�
: mp 197–198°C. Analysis for

C�)H�*Cl�N�O� · C#H#O# (587.5): C,H,N.
4-{3-[Bis(4-chlorophenyl)methoxy]propyl}-1-

(2-methoxyphenyl)piperazine (10b): pale yellow
oil (69%). Reaction time: 15 h. �H NMR �: 1.6–2.2
(m, 2H), 2.4–2.9 (m, 6H), 2.9–3.3 (m, 4H), 3.55 (t,
J = 7 Hz, 2H), 3.85 (m, 3H) 5.35 (s, 1H), 7.0 (s,
4H), 7.15–7.5 (m, 8H). 10b · 0.5C

�
H

�
O

�
· 1.5H

�
O:

mp 123–125°C. Analysis for C�,H!(Cl�N�O� ·
0.5C#H#O# · 1.5H�O (570.5): C,H,N.

4-{2-[Bis(4-fluorophenyl)methoxy]ethyl}-1-(2-

methoxyphenyl)piperazine (11b): pale yellow oil
(66%). Reaction time: 16 h. �H NMR �: 2.55–2.9
(m, 6H), 2.9–3.3 (m, 4H), 3.65 (t, J = 7 Hz, 2H),
3.85 (s, 3H), 5.4 (s, 1H), 6.75–7.5 (cluster, 12H).
11b · C

�
H

�
O

�
: mp 139–140°C. Analysis for

C�)H�*F�N�O� · C#H#O# (554.6): C,H,N.

4-{3-[Bis(4-fluorophenyl)methoxy]propyl}-1-

-(2-methoxyphenyl)piperazine (12b): pale yellow
oil (55%). Reaction time: 15 h. �H NMR (CDCl!):
� 1.6–2.2 (m, 2H), 2.4–2.9 (m, 6H), 2.9–3.3 (m,
4H), 3.55 (t, J = 7 Hz, 2H), 3.85 (s. 3H), 5.35 (s,
1H), 6.8–7.6 (cluster, 12H). 12b · C

�
H

�
O

�
· H

�
O:

mp 208–210°C. Analysis for C�,H!(F�N�O�

· C#H#O# · H�O (579.6): C,H,N.

Parmacological part

All the experimental procedures were approved
by the Local Bioethics Commission at the Institute
of Pharmacology, Polish Academy of Sciences in
Kraków.

In vitro studies – binding experiments

Compounds 5a–12a and 5b–12b were evalu-
ated for in vitro 5-HT�� and 5-HT�� receptor affini-
ties on the basis of their ability to displace [!H]-8-
-OH-DPAT [8-hydroxy-2-(di-n-propylamino)tetra-
lin; 222 Ci/mmol, Amersham] and [!H]-ketanserin
(66.4 Ci/mmol, NEN Chemicals), respectively. Ad-
ditionally, for compounds 5a, 5b, 6a, 6b, 11a and
11b, their affinity for adrenergic �� receptors was
determined using [!H]-prazosin (25 Ci/mmol,
Amrsham) as a radioligand. The binding results are
presented in Table 1. Radioligand binding experi-
ments were conducted in the rat brain using the tis-
sues from hippocampus for 5-HT�� receptors and
cortex for both 5-HT�� and �� receptors according
to the published procedures [5, 17]. The K� values
were determined on the basis of at least three com-
petition binding experiments in which 10–14 drug
concentration 10"�(–10-!M), run in triplicates, 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 an ambient
temperature 20 ± 1°C, and had free access to food
(standard laboratory pellets, LSM) and tap water.
All tests were carried out in the light phase of natu-
ral light–dark cycle (November-March), between 9
a.m. and 2 p.m. Each experimental group consisted
of 6–8 animals/dose, and all the animals were used
only once. 8-OH-DPAT (hydrobromide, Research
Biochemical Inc.), reserpine (Ciba, ampoules) and
WAY 100635 (trihydrochloride, synthesized by Dr.
J. Boksa, Institute of Pharmacology, Polish Acade-
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my of Sciences, Kraków, Poland) were used as
aqueous solutions. The investigated salts of com-
pounds 5a, 6a, 9a–12a, 5b, 8b, 9b, 11b and 12b

were used in the form of a freshly prepared suspen-
sion in a 1% aqueous solution of Tween 80. 8-OH-
DPAT, reserpine and WAY 100635 were injected
subcutaneously (sc), 5a, 6a, 9a–12a, 5b, 8b, 9b,
11b and 12b were given intraperitoneally (ip) in a
volume of 2 ml/kg (rats) and 10 ml/kg (mice). The
obtained data were analyzed by Dunnett’s test
(when only one drug was given) or by the
Newman-Keuls test (when two drugs were admin-
istered).

Body temperature in mice

The effects of the tested compounds given
alone on the rectal body temperature in mice
(measured with an Ellab thermometer) were re-
corded 30, 60, 90 and 120 min after their admini-
stration. In separate experiment, the effect of WAY
100635 (0.1 mg/kg) on the hypothermia induced by
compounds 6a, 9a, 10a, 5b or 11b was tested. WAY
100635 was administered 15 min before tested
compounds, and the rectal body temperature was
recorded 30 and 60 min after their injection. In
other experiment, the effects of 5a, 11a, 12a, 8b,
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Compound R R� K� ± SEM (nM)

Series a, X = NH Series b, X = O

n 5-HT�� 5-HT�� � � 5-HT�� 5-HT�� ��

1�

H

o-OCH� 2 1.5 ± 0.1 125 ± 6 ND 27 ± 1 113 ± 9 ND

2� 3 77 ± 14 850 ± 25 ND 64 ± 12 1180 ± 9 ND

3� m-Cl 2 14 ± 2 74 ± 3 ND 35 ± 2 186 ± 2 ND

4� 3 330 ± 20 320 ± 20 ND 298 ± 4 330 ± 6 ND

5

CH�

o-OCH� 2 14 ± 1 900 ± 20 77 ± 9 18 ± 1 710 ± 10 32 ± 5

6 3 38 ± 8 3250 ± 50 108 ± 8 72 ± 5 909 ± 10 8 ± 2

7 m-Cl 2 111 ± 7 2400 ± 50 ND 290 ± 20 750 ± 20 ND

8 3 1780 ± 60 5400 ± 50 ND 54 ± 8 1380 ± 10 ND

9
Cl

o-OCH� 2 2.4 ± 0.4 155 ± 40 ND 65 ± 4 1650 ± 20 ND

10 3 49 ± 9 1550 ± 50 ND 204 ± 26 1020 ± 50 ND

11
F

o-OCH� 2 3.3 ± 0.1 185 ± 20 30 ± 8 54 ± 10 187 ± 20 24 ± 5

12 3 65 ± 10 2200 ± 50 ND 53 ± 6 2500 ± 50 ND

ND: not determined, � Ref. [21]

R R

X
NN(CH2)n

R1

Table 1. Structure of the investigated compounds and their affinities for the 5-HT��, 5-HT�� and �� receptors



9b or 12b (which did not change body temperature
in mice) on the 8-OH-DPAT (5 mg/kg)-induced hy-
pothermia were tested. The tested compounds and
WAY 100635 were administered 45 and 15 min, re-
spectively, before 8-OH-DPAT, and the rectal body
temperature was measured 15, 30, 45 and 60 min
after injection of 8-OH-DPAT. The results were ex-
pressed as a change in body temperature (�t) with

respect to the basal body temperature, as measured
at the beginning of the experiment.

Lower lip retraction (LLR) in rats

The LLR was assessed according to the method
described by Berendsen et al. [3]. The rats were in-
dividually placed in cages (30 × 25 × 25 cm), and
they were scored three times (at 15, 30 and 45 min
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Table 2. The effect of the tested compounds and WAY 100635 on body temperature in mice

Treatment Dose (mg/kg) �t ± SEM (°C)

30 min 60 min 90 min 120 min

Vehicle – –0.2 ± 0.1 –0.1 ± 0.1 0.0 ± 0.1 –0.1 ± 0.1

5a 10 –0.5 ± 0.1 –0.5 ± 0.1 –0.4 ± 0.1 –0.3 ± 0.1

20 –0.7 ± 0.2 –0.4 ± 0.2 –0.2 ± 0.2 –0.2 ± 0.2

6a 10 –0.9 ± 0.2� –0.5 ± 0.2 –0.5 ± 0.2 –0.2 ± 0.2

20 –1.0 ± 0.1� –0.5 ± 0.2 –0.3 ± 0.3 –0.1 ± 0.2

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

9a 10 –0.8 ± 0.2� –0.7 ± 0.2� –0.6 ± 0.1 –0.5 ± 0.1

20 –1.2 ± 0.2� –0.9 ± 0.2� –0.8 ± 0.2� –0.5 ± 0.1

10a 10 –0.3 ± 0.1 –0.7 ± 0.2� –0.8 ± 0.2 –0.4 ± 0.2

20 –0.9 ± 0.1� –0.8 ± 0.1� –0.6 ± 0.1 –0.4 ± 0.1

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

11a 10 –0.3 ± 0.2 –0.6 ± 0.1� –0.6 ± 0.2 –0.4 ± 0.1

20 –0.6 ± 0.2 –0.2 ± 0.1 –0.3 ± 0.2 –0.1 ± 0.1

12a 10 –0.3 ± 0.1 –0.6 ± 0.2 –0.5 ± 0.2 –0.4 ± 0.1

20 –0.4 ± 0.1 –0.4 ± 0.2 –0.2 ± 0.2 –0.2 ± 0.2

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

5b 10 –0.7 ± 0.2� –0.4 ± 0.1 –0.5 ± 0.1� –0.3 ± 0.1

20 –3.1 ± 0.3� –2.0 ± 0.3� –1.2 ± 0.3� –0.5 ± 0.2�

8b 10 –0.3 ± 0.1 –0.2 ± 0.1 –0.2 ± 0.1 –0.2 ± 0.1

20 –0.2 ± 0.1 –0.2 ± 0.1 –0.3 ± 0.1 –0.1 ± 0.1

Vehicle – 0.0 ± 0.1 0.0 ± 0.0 0.0 ± 0.1 0.0 ± 0.0

9b 10 –0.4 ± 0.1 –0.2 ± 0.1 –0.3 ± 0.1 –0.3 ± 0.1

20 –0.1 ± 0.1 –0.3 ± 0.1 –0.1 ± 0.1 0.2 ± 0.1

11b 5 –0.5 ± 0.1� –0.6 ± 0.1� –0.4 ± 0.1 0.1 ± 0.1

10 –1.5 ± 0.3� –1.0 ± 0.1� –0.7 ± 0.2� –0.3 ± 0.1

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

12b 10 –0.3 ± 0.1 –0.2 ± 0.1 –0.2 ± 0.1 –0.2 ± 0.1

20 –0.2 ± 0.1 –0.1 ± 0.1 –0.1 ± 0.0 –0.2 ± 0.1

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

The tested compounds were administered (ip) 30 min before the test. The absolute mean initial body temperatures were within a range
of 36 ± 0.4°C, � p < 0.05 vs. vehicle, � p < 0.01 vs. vehicle



after the administration of the tested compounds or
8-OH-DPAT) as follows: 0 = lower incisors not
visible, 0.5 = partly visible, 1 = clearly visible. The
summed up maximum scores amounted to 3/rat. In
a separate experiment, the effect of the studied
compounds on LLR induced by 8-OH-DPAT
(1 mg/kg) was tested. The investigated compounds
or WAY 100635 were administered 45 and 15 min,
respectively, before 8-OH-DPAT, and the animals
were scored 15, 30 and 45 min after 8-OH-DPAT
administration.

Behavioral syndrome in reserpinized rats

Reserpine (1 mg/kg) was administered 18 h be-
fore the test. The rats were individually placed in

the experimental cages (30 × 25 × 25 cm) 5 min be-
fore injection of the tested compounds or 8-OH-
DPAT. Observation sessions, lasting 45 s each, be-
gan 3 min after the injection and were repeated
every 3 min for a period of 15 min. Reciprocal
forepaw treading (FT) and flat body posture (FBP)
were scored using a ranked intensity scale, where
0 = absent, 1 = equivocal, 2 = present, and 3 = in-
tense. The maximum score of five observation peri-
ods amounted to 15/for each symptom/animal [24].
The effect of the tested compounds or WAY
100635 on the behavioral syndrome induced by
8-OH-DPAT (5 mg/kg) in reserpinized rats was es-
timated in a separate experiment. The investigated
compounds or WAY 100635 were administered 60
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Table 3. The effect of 5a, 11a, 12a, 8b, 9b, 12b and WAY 100635 on the 8–OH–DPAT (5 mg/kg)-induced hypothermia in mice

Treatment and dose (mg/kg) �t ± SEM (°C)

15 min 30 min 45 min 60 min

Vehicle + vehicle –0.1 ± 0.1 0.0 ± 0.1 –0.1 ± 0.1 –0.1 ± 0.1

Vehicle + 8– OH-DPAT –1.3 ± 0.1� –1.0 ± 0.2� –0.6 ± 0.1� –0.2 ± 0.1

5a (20) + 8–OH–DPAT –0.7 ± 0.1�� –0.3 ± 0.1� –0.1 ± 0.1� 0.1 ± 0.1

Vehicle + vehicle –0.1 ± 0.1 –0.1 ± 0.1 –0.1 ± 0.1 0.0 ± 0.1

Vehicle + 8–OH–DPAT –1.3 ± 0.2� –1.0 ± 0.1� –0.6 ± 0.1� –0.4 ± 0.1�

11a (20) + 8–OH–DPAT –1.9 ± 0.2�� –1.0 ± 0.2� –0.8 ± 0.1� –0.4 ± 0.1�

Vehicle + vehicle 0.0 ± 0.1 0.0 ± 0.1 0.1 ± 0.1 0.1 ± 0.1

Vehicle + 8–OH–DPAT –1.5 ± 0.2� –0.9 ± 0.2� –0.6 ± 0.1� –0.1 ± 0.1

12a (20) + 8–OH–DPAT –0.6 ± 0.2�� 0.0 ± 0.1� 0.3 ± 0.1� 0.4 ± 0.1�

Vehicle + vehicle 0.1 ± 0.1 –0.1 ± 0.1 –0.1 ± 0.1 –0.1 ± 0.1

Vehicle + 8–OH–DPAT –1.6 ± 0.1� –1.1 ± 0.1� –0.8 ± 0.1� –0.6 ± 0.1�

8b (20) + 8–OH–DPAT –1.3 ± 0.1� –0.8 ± 0.1� –0.6 ± 0.1� –0.5 ± 0.1�

Vehicle + vehicle –0.1 ± 0.1 0.0 ± 0.1 0.0 ± .1 0.1 ± 0.1

Vehicle + 8–OH-DPAT –1.4 ± 0.2� –1.0 ± 0.2� –0.9 ± 0.1� –0.4 ± 0.1

9b (20) + 8-OH-DPAT –0.6 ± 0.1�� –0.5 ± 0.2�� –0.4 ± 0.1�� –0.2 ± 0.1

Vehicle + vehicle 0.1 ± 0.1 0.0 ± 0.1 0.2 ± .1 0.0 ± 0.1

Vehicle + 8-OH-DPAT –1.1 ± 0.2� –1.2 ± 0.3� –0.8 ± 0.3� –0.6 ± 0.2�

12b (20) + 8-OH-DPAT –2.6 ± 0.1�� –2.0 ± 0.1�� –0.9 ± 0.2� –0.6 ± 0.1�

Vehicle + vehicle –0.1 ± .1 0.1 ± 0.1 0.1 ± 0.1 0.1 ± 0.1

Vehicle + 8–OH-DPAT –1.2 ± 0.1� –1.0 ± 0.1� –0.7 ± 0.1� –0.1 ± 0.1

WAY 100635 (0.1) + 8–OH–DPAT –0.1 ± 0.1� –0.1 ± 0.1� 0.1 ± 0.1� 0.2 ± 0.1

The investigated compounds were administered (ip) 45 min, while WAY 100635 (sc) 15 min prior 8-OH-DPAT. The absolute mean
initial body temperatures were within a range of 36.3 ± 0.5°C, � p < 0.05 vs. vehicle + 8-OH-DPAT, � p < 0.01 vs. vehicle
+ 8-OH-DPAT, � p < 0.05 vs. vehicle, � p < 0.01 vs. vehicle
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Table 4. Induction of lower lip retraction (LLR) in rats by the tested compounds (A) and their effect on the 8-OH-DPAT
(1 mg/kg)-induced LLR in rats (B) and on 8-OH-DPAT (5 mg/kg)-induced behavioral syndrome in reserpinized rats (C)

Treatment Dose (mg/kg) Mean ± SEM score

A B C

LLR FBP FT

Vehicle – 0.1 ± 0.1 2.8 ± 0.1 14.2 ± 0.3 13.8 ± 0.4

5a 10 0.3 ± 0.2 2.7 ± 0.2 NT NT

20 0.5 ± 0.2 2.4 ± 0.2 15.0 ± 0.0 11.5 ± 0.4

6a 10 0.1 ± 0.1 2.3 ± 0.2 NT NT

20 0.3 ± 0.2 2.6 ± 0.2 12.2 ± 0.7 12.0 ± 0.6

Vehicle – 0.1 ± 0.1 2.8 ± 0.1 14.2 ± 0.4 14.0 ± 0.4

9a 5 NT NT 9.2 ± 1.9� 5.4 ± 0.7�

10 0.8 ± 0.2 1.3 ± 0.2� 6.2 ± 0.9� 3.8 ± 0.4�

20 0.7 ± 0.2 0.8 ± 0.4� NT NT

10a 10 0.0 2.7 ± 0.2 13.0 ± 0.9 14.0 ± 0.6

20 0.1 ± 0.1 2.0 ± 0.2� 11.0 ± 0.8� 11.5 ± 0.6

11a 10 1.4 ± 0.1� 1.4 ± 0.1� 9.2 ± 1.4� 6.7 ± 0.9�

20 1.0 ± 0.2� 1.0 ± 0.4� 6.3 ± 1.7� 7.3 ± 0.5�

Vehicle – 0.1 ± 0.1 2.8 ± 0.1 14.2 ± 0.4 14.0 ± 0.4

12a 10 0.3 ± 0.2 2.3 ± 0.3 NT NT

20 0.8 ± 0.1 1.9 ± 0.2� 13.5 ± 0.6 12.8 ± 0.5

Vehicle – 0.1 ± 0.1 2.8 ± 0.1 14.6 ± 0.2 13.0 ± 0.6

5b 10 0.0 2.2 ± 0.2 NT NT

20 0.1 ± 0.1 1.2 ± 0.3� 12.2 ± 0.7 9.3 ± 0.5

8b 10 0.0 2.2 ± 0.3 NT NT

20 0.2 ± 0.1 1.8 ± 0.2� 15.0 ± 0.0 11.7 ± 0.7

Vehicle – 0.1 ± 0.1 2.8 ± 0.1 14.6 ± 0.2 13.0 ± 0.6

9b 10 0.0 2.4 ± 0.2 NT NT

20 0.2 ± 0.2 1.6 ± 0.2� 12.8 ± 0.5 10.7 ± 1.4

11b 10 0.0 1.0 ± 0.3� 13.0 ± 0.7 12.3 ± 0.9

20 0.4 ± 0.1 1.3 ± 0.4� 11.8 ± 1.3 11.8 ± 1.2

12b 10 0.0 2.4 ± 0.2 NT NT

20 0.3 ± 0.2 1.8 ± 0.2� 11.0 ± 1.4 12.8 ± 0.4

WAY100635 0.1 0.0 0.2 ± 0.2� 0.8 ± 0.4� 1.2 ± 0.7�

(A) The tested compounds were administered (ip)15 min before the test; (B) the tested compounds were administered (ip) 45 min be-
fore 8–OH-DPAT (sc); (C) reserpine (1 mg/kg, sc) and the tested compounds (ip) were administered 18 h and 60 min, respectively,
before 8-OH-DPAT (sc); FBP – flat body posture, FT – forepaw treading; NT – not tested, � p < 0.05 vs. vehicle (A) or vs. vehicle
+ 8-OH-DPAT (B and C), � p < 0.01 vs. vehicle (A) or vs. vehicle + 8-OH-DPAT (B and C)



min before 8-OH-DPAT. Observations began 3 min
after 8-OH-DPAT administration and were repeated
every 3 min for a period of 15 min.

RESULTS and DISCUSSION

In both the investigated amine (a) and ether (b)
series, almost all 1-(2-methoxyphenyl)piperazine
derivatives (5a, 6a, 9a–12a, 5b, 6b, 9b, 11b and
12b) displayed high to moderate affinity for
5-HT�� receptors (K� = 2.4–72 nM), except for
ether 10b whose K� = 204 nM. Replacement of the
2-methoxy group in the arylpiperazine pharma-
cophore with a 3-chloro substituent was not a bene-
ficial change in the ligand structure, since amines
7a and 8a, as well as ether 7b unexpectedly dis-
played significantly lower 5-HT�� and 5-HT�� re-
ceptor affinities than did their unsubstituted ana-
logs (3a, 4a and 3b, respectively). Only ether 8b

demonstrated satisfactory 5-HT�� receptor affinity
(K� = 54 nM). Substitution of the diphenylmethyl
fragment at positions 4 with electron–donating
methyl groups caused a slight decrease in 5-HT��
receptor affinity in the case of amine 5a (K� = 14
nM) with an ethylene spacer between two basic ni-
trogen atoms in a molecule in comparison with the
unsubstituted parent compound 1a (K� = 1.5 nM),
whereas a small increase was observed in the case
of the trimethylene analog 6a [6a (K� = 38 nM) vs.
2a (K� = 77 nM)]. The same modification in the
structure of ethers 1b and 2b (K� = 27 and 64 nM,
respectively) practically did not influence 5-HT��
receptor affinity; for the 4,4’-dimethyl derivatives
5b and 6b, the K� values were 18 and 72 nM, re-
spectively. Introduction of electron–withdrawing
4-chloro or 4-fluoro substituents did not influence
the 5-HT�� receptor affinity of new amines and
ethers (except for 10b) with both ethylene and tri-
methylene spacers, compared with their previously
described unsubstituted counterparts [21]. On the
other hand, for all the investigated compounds their
affinities for 5-HT�� receptor sites were very low,
and the K� values ranged from 155 to 5400 nM.
Amines 5a, 6a and 11a, and their ether analogs 5b,
6b and 11b also displayed high (compounds 11a,
5b, 6b and 11b; K� = 6–28 nM) or moderate (com-
pounds 5a and 6a; K� = 71 and 104 nM, respec-
tively) ��-adrenoceptor affinity.

A further goal of our study was to determine the
functional in vivo activity of compounds 5a, 6a,
9a–12a, 5b, 8b, 9b, 11b and 12b showing the high-

est affinity for 5-HT�� receptors (K� < 65nM). It is
commonly accepted that the hypothermia induced
by 8-OH-DPAT (a 5-HT�� receptor agonist) in mice
is mediated by presynaptic 5-HT�� receptors [8,
16], whereas the 8-OH-DPAT-induced behavioral
syndrome (FBP and FT) in reserpinized rats [24]
and LLR in rats [2] are mediated by postsynaptic
5-HT�� receptors. The ability of the tested com-
pounds to induce hypothermia in mice (which was
blocked by the silent 5-HT�� antagonist – WAY
100635 (N-{2-[4-(2-methoxyphenyl)-1-piperazinyl]
ethyl}-N-(2-pyridinyl)cyclohexane-carboxamide)
and FBP, FT and LLR in rats, or their capacity to
inhibit the effects induced by 8-OH-DPAT (which
indicated either stimulation or blockade of 5-HT��
receptors, respectively) was tested (Tab. 2–4). Of
the compounds tested, 6a, 9a, 10a, 5b and 11b –
like 8-OH-DPAT – induced hypothermia in mice
(Tab. 2 and 3). However – in contrast to 8-OH-
DPAT – the hypothermia induced by those com-
pounds (used in a minimal active dose) was not
changed by the 5-HT�� receptor antagonist WAY
100635 (data not shown); thus, a cause different
than stimulation of 5-HT�� receptors seemed to be
responsible for the decrease in mouse body tem-
perature induced by 6a, 9a, 10a, 5b or 11b. On the
other hand – like WAY 100635 – compounds 5a,
11a, 12a, 8b, 9b and 12b did not affect body tem-
perature in mice (Tab. 2); only some of them (5a,
12a and 9b) – like WAY 100635 – attenuated the
hypothermia evoked by 8-OH-DPAT in mice (Tab.
3). The above results indicated that compounds 5a,
12a and 9b behaved like antagonists of (possibly
presynaptic) 5-HT�� receptors in the hypothermia
model in mice, whereas the functional activity of
6a, 9a–11a, 5b, 8b, 11b and 12b at those receptors
was negligible in that experimental paradigm.

In behavioral experiments, only compound 11a

behaved like a partial agonist of postsynaptic
5-HT�� receptors, since – when given alone at
doses of 10–20 mg/kg – it induced LLR in rats
(40–50% of the possible maximum scores, respec-
tively; p < 0.05). On the other hand – like 9a, 10a,
12a, 5b, 8b, 9b, 11b and 12b – compound 11a

partly inhibited the LLR induced by 8-OH-DPAT in
rats, and – like 9a and 10a – it reduced the behav-
ioral syndrome evoked by that 5-HT�� receptor
agonist (Tab. 4). Unexpectedly, compounds 5a and
6a (given alone or in combination with 8-OH-
DPAT) were practically inactive in those behavioral
tests (Tab. 4).
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The results of in vivo studies revealed that the
tested compounds had features of partial agonists
of postsynaptic 5-HT�� receptors (11a), of weak
antagonists of pre- and postsynaptic sites (12a, 9b),
of antagonists of presynaptic (5a) or of antagonists
of postsynaptic 5-HT�� receptors (9a, 10a, 5b, 8b,
11b and 12b). The above findings also indicated
that the introduction of 4-methyl, 4-chloro or 4-
fluoro substituents to the diphenylmethyl part of
the 1-(2-methoxyphenyl)piperazines tested in vivo
may modify their 5-HT�� receptor functional activ-
ity. Indeed, compound 11a (of the amine series)
with two 4-fluoro substituents was a potential par-
tial agonist of postsynaptic 5-HT�� receptors,
whereas its unsubstituted analog 1a described ear-
lier [21] was devoid of any intrinsic activity. In
contrast, the presence of 4-methyl, 4-chloro or 4-
fluoro substituents in the ether derivatives 5b, 9b

and 11b led to a loss of intrinsic activity; all those
compounds exhibited features characteristic of
5-HT�� receptors antagonists, whereas their unsub-
stituted analog 1b was classified as a partial
5-HT�� receptor agonist [21]. On the other hand,
the 4,4”-dimethylsubstituted amines 5a and 6a

were devoid of postsynaptic 5-HT�� receptor activ-
ity. It is also noteworthy that 5a had features of
a presynaptic 5-HT�� receptor antagonist.

In conclusion, it is proposed that the above-
described structural modifications in the diphenyl-
methyl fragment of the previously described 1-(2-
methoxyphenyl)piperazines 1a and 1b [21] yield a
fairly large number of novel 5-HT�� receptor
ligands with high selectivity for 5-HT�� receptor
sites. The majority of these compounds behave in
vivo like 5-HT�� receptor antagonists, their influ-
ence on the pre- and/or postsynaptic sites being di-
versified, though. Only the 4,4’-difluorosubstituted
amine 11a shows some intrinsic activity and may
be classified as a partial postsynaptic 5-HT�� re-
ceptor agonist.
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