
Laboratory of Molecular Pharmacology1, Synthetic Chemical Research Laboratory II.2, Gedeon Richter Ltd., Budapest, Hungary

Substituted phenoxyalkylpiperazines as dopamine D3 receptor ligands
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A novel series of potential antipsychotic agents were prepared by combination of condensed heterocycles containing
bridgehead nitrogen with (2-methoxyphenyl)piperazine using phenoxyalkyl spacer of variable length. The affinity of the
compounds was determined at rat cloned D3 and rat D2, 5-HT1A receptors by an vitro receptor binding assay. The D3
selectivity of the compounds was calculated from the Ki values.

1. Introduction

Dysfunction of the dopaminergic and serotonergic neuro-
transmitter systems is involved in the pathology of several
neuropsychiatric disorders such as schizophrenia, Parkin-
son’s disease and anxiety. The effect of dopamine is
mediated via at least five distinct dopamine receptors be-
longing to the D1- (D1, D5) or the D2- (D2, D3, D4) fa-
milies. D2 receptor antagonits have successfully been used
for several years in the management of schizophrenia, a
disease associated with hyperfunction of the mesolimbic
dopaminergic system [1]. However, extrapyramidal side-
effects and hyperprolactinaemia, mediated through the ni-
grostriatal and tuberoinfundibular dopaminergic systems,
respectively, seriously limited the usefulness of classical
D2 antagonist drugs [2]. D3 receptors show characteristic
distribution in the cerebral dopaminergic systems. Namely,
high densities were found in certain limbic structures such
as nucleus accumbens and islands of Calleja. Therefore,
selective targeting of the D3 receptors may be a promising
approach for more selective modulation of dopaminergic
functions and consequently for a successful therapeutic
intervention in several abnormalities such as schizophre-
nia, emotional or cognitive dysfunctions [3–5]. Possible
usefulness of drugs with significant D3 affinity is also sup-
ported by the findings that all the effective antipsychotics,
especially the atypical ones (those with less EPS liability),
in addition to their D2 antagonism show remarkable bind-
ing potential to the D3 receptors as well.
The (2-methoxyphenyl)piperazine moiety is frequently
used in drug design, mainly in the therapeutic fields of
cardiovascular and CNS disorders. Several compounds of
the general formula 3 with CNS activity have been pre-
pared earlier. In these compounds n used to be 3 and Q
stood for halogen, methoxy or a substituted amino group
[6–10] while in some papers different condensed hetero-
cycles were described as Qs [11–13].
In this paper we report the synthesis and the results of some
characteristic binding assays of a new series of compounds
having the general formula 3 where Q is a condensed
heterocycle containing a bridgehead nitrogen atom. The
value of n varies from 2 to 4. This series was designed by
means of combinatorial approach, selecting group Q and
the length of the spacer as variables, while keeping the
(2-methoxyphenyl)piperazine group unchanged. The neu-
rochemical and behavioural properties of the selected com-
pound [14–17] will be presented in a separate article.

2. Investigations, results and discussion

The straightforward synthesis of the compounds is shown
in the Scheme. Compounds 1 and/or some of compounds
2 are known from the literature [18–22].
For the characterization of receptor affinity of compounds
4–18 to D3, D2 and 5-HT1A receptors the Ki values were
determined. The calculated pKi values are shown in the
Table. It is obvious that derivatives with chain lengths of
3 and 4 methylene groups were potent ligands at rD3 re-
ceptors (pKis between 7.1 and 9.5 for compounds 5 and
9, respectively). The D3 receptor affinity of the com-
pounds showed a clear-cut structure activity relationship
(SAR) with the number of carbon atoms (n) in the lipo-
philic alkyl chain giving a 4 > 3 > 2 rank order. Replace-
ment of the 2-indolizinyl group (4–6) by condensed imi-
dazoles led to derivatives (7–18) with increased D3
receptor affinities reaching the low nanomolar range. The
most active compounds were 9, 12, 8 and 18 with pKi
values of 9.5, 9.3, 9.1 and 9.1, respectively. The binding
affinities to D2 receptors from rat striatum were also in the
nanomolar range (pKis between 6.9 and 8.6). The length
of the alkyl chain showed a 3 � 4 > 2 rank order in the
D2 potency of imidazole derivatives. Again, the 2-indolizi-
nyl derivatives turned out to be less active at D2 receptors
like in the case of D3 and 5-HT1A receptor subtypes. Seg-
regation of the length optimum of the alkyl chain at the
D3 (n=4) versus D2 (n ¼ 3) sites preference resulted in
highly D3 receptor selective (from 10.2 to 42.3 fold) com-
pounds (9, 12, 15 and 18) in case of n ¼ 4. Reduction of
the length of the alkyl chain markedly decreased the D3
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(i) a-bromo-w-chloro-alkanes/K2CO3/5-methyl-2-hexanone, reflux, 10 h
(ii) 2-methoxyphenyl-piperazine hydrochloride/K2CO3/5-methyl-

2-hexanone, reflux, 10 h

Scheme

ORIGINAL ARTICLES



receptor selectivity of the compounds. The best com-
pounds were 1.6- to 5.9-times more selective than the
known D3 antagonist nafadotride. All the three 2-indolizi-
nyl derivatives showed D2 but not D3 receptor preference
regardless to the length of the alkyl chain. These data
direct the attention to the advantageous property of imida-
zole nitrogen in the D3 receptor affinity of these types of
compounds.
It has also been found that linking of the condensed
heterocycle to the piperazine moiety through a lipophilic
chain, as in NAN-190 or buspirone, yields compounds
with 5-HT1A affinity. This affinity was also influenced by
the length of the lipophilic chain. In this respect the rank
order was n ¼ 4 > 2 > 3 (except the 2-indolizinyls). The
Ki values of the most active compounds (12, 15, 18, 10)
were in the nanomolar range (pKi between 7.9 and 8.3).
As it was stated earlier the 2-indolizinyl derivatives
showed very low affinity to the 5-HT1A receptor subtype.
In summary, we have disclosed a novel series of substi-
tuted phenoxyalkylpiperazines, which show high affinity
to the dopamine D3 receptor. Some of the compounds dis-
played up to 42-fold selectivity over D2 receptors. Com-
pounds with a 2-methoxy-phenyl moiety showed marked
5-HT1A affinity. These new compounds may be useful
tools for further understanding of the physiological role of
D3 receptors and their therapeutical potential in the treat-
ment of psychiatric disorders.

3. Experimental

3.1. Chemistry

3.1.1. Equipment

Structures of the new compounds were determined by their IR (using KBr
pellets on a Nicolet 20 DXC FT-IR spectrophotometer), and 1H NMR
(recorded at 300 MHz on a VARIAN VXR-300 spectrometer using tetra-
methylsilane as internal standard) spectra, while their purity was assessed

by TLC, LC/MS (the LC/MS analyses were performed using an HP 1100
binary gradient system (Hewlett Packard, Waldbronn, Germany) controlled
by ChemStation software. A HP diode array detector was used to acquire
UV spectra at l ¼ 254 nm. Analytical chromatographic experiments were
made on a Discovery C16-Amide, 5 cm X 4.6 mm X 5 mm column (Supel-
co, Bellefonte, PA) with a flow rate of 1 ml/min. A 10 min linear gradient
of 95% acetonitrile in 0.1% aqueous TFA was applied. Equilibration time
between analysis was 2 min. All experiments were performed using a HP
MSD single quadropole mass spectrometer equipped with an electrospray
ionization source). Functional group analysis was done by acidi- or alkali-
metry. The purity of all studied compounds was higher than 95%. Melting
points were taken on a Büchi 535 capillary apparatus.

3.1.2. Typical procedure for the preparation of 1-(4-substituted-phenoxy)-
alkyl-4-(2-methoxy-phenyl)piperazines (4–18);
1-{2-[4-(indolizin-2-yl)phenoxy]ethyl}-4-(2-methoxyphenyl)-piperazine (4)

A suspension of 2-[4-(indolizin-2-yl)phenoxy]ethylchloride (2.72 g,
10 mmol; prepared from the known 2-(4-hydroxyphenyl)indolizine [18] by
a standard procedure using 1-bromo-2-chloroethane as alkylating agent),
(2-methoxyphenyl)piperazine hydrochloride (2.74 g, 12 mmol), sodium car-
bonate (2.54 g, 24 mmol) and sodium iodide (0.3 g, 2 mmol) in 5-methyl-
2-hexanone (40 ml) was stirred and refluxed for 10 h. The reaction mixture
was evaporated under reduced pressure and the residue was suspended in
water (20 ml) and extracted with chloroform (80 ml). The organic layer
was washed with water (2� 15 ml), dried on sodium sulfate then filtered.
The filtrate was stirred with charcoal (1 g) and aluminum oxide (0.5 g) for
20 min at room temperature, than it was filtered and the filtrate was con-
centrated to the half of its original volume. Ethanol was added to the resi-
due and the solution was again concentrated under reduced pressure to
15 ml. The precipitated solid was filtered and dried to yield 2.9 g raw pro-
duct. It was dissolved in chloroform (30 ml), ethanol (30 ml) was added to
the solution which was then concentrated under reduced pressure to 15 ml.
The precipitated solid was filtered and dried to yield 2.61 g (61%) of the
title compound (mp: 159–161 oC).
4: 1H NMR(DMSO-d6, 30 �C): 2.66 m (4H) (N––CH2); 2.78 t (2H) 2.98 m
(4H) (N––CH2); 3.77 s (3H) (OMe); 4.14 t (2H) (O––CH2); 6.50 m (1H)
(Ar); 6.63–6.69 m (2H) (Ar); 6.83–6.95 m (4H) (Ar); 6.98 m (2H) (Ar);
7.36 m (1H) (Ar); 7.61 m (2H) (Ar); 7.86 s (1H) (Ar); 8.19 m (1H) (Ar).
IR (KBr pellet): 2803, 1610, 1498, 1457, 1247, 1237, 1029, 832, 780,
741.
LC/MS: k0 ¼ 3.943 min, Area% ¼ 99.307, MW þ H+ ¼ 428.
Compounds 5–18 were prepared analogously starting from known materials
like 2-(4-hydroxyphenyl)imidazo[1,2-1a]pyridine [19], 2-(4-hydroxyphe-
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Table: Chemical properties, affinities and D3 selectivity of compounds 4–18 at D3, D2 and 5-HT1A receptors

O (CH2)n N NQ

CH3O

Compd. Q n Formula MW mp Receptor affinity (pKi) Selectivity*

(oC)
D3 D2 5-HT1A

D3 versus D2

4 2 C27H29N3O2 427.6 159–161 6.6 6.9 5.9 0.4
5

N

3 C28H31N3O2 441.6 157–158 7.1 7.4 6.0 0.5
6 4 C29H33N3O2 455.6 153–155 7.5 7.6 6.8 1.0

7 2 C26H28N4O2 428.5 151–153 7.4 7.6 7.6 0.6
8

N

N 3 C27H30N4O2 442.6 149–150 9.1 8.6 6.8 3.3
9 4 C28H32N4O2 456.6 144–145 9.5 7.9 7.7 42.3

10 2 C25H27N5O2 429.5 150–152 7.1 7.5 7.9 0.4
11

N

NN
3 C26H29N5O2 443.5 156–158 8.8 8.0 7.2 6.8

12 4 C27H31N5O2 457.6 151–153 9.3 7.8 8.3 32.8

13 2 C24H28N4O2S 436.6 145–147 <6.7 7.7 7.6 <0.1
14

N

S N 3 C25H30N4O2S 450.6 142–144 7.8 8.0 <6.4 0.6
15 4 C26H32N4O2S 464.6 139–140 9.0 7.8 8.0 14.7

16 2 C24H26N4O2S 434.6 158–161 7.2 7.8 7.5 0.2
17

N

S N 3 C25H28N4O2S 448.6 130–132 8.9 8.1 <6.6 7.3
18 4 C26H30N4O2S 462.6 128–130 9.1 8.1 8.0 11.2

Haloperidol 7.7 9.0 5.8 0.04
Nafadotride** 8.7 7.8 n.d. 7.2

* Selectivity ratio is defined as the antilogarithm of the difference between D3 and D2 pKi values. The pKi values represent the mean of at least two experiment, each within 0.3 of the mean.
** gift from P. Sokoloff (INSERM)
n. d. ¼ not determined



nyl)imidazo[1,2-a]pyrimidine [20], 6-(4-hydroxyphenyl)-2,3-dihydro-imida-
zo[2,1-b]thiazole [21], 6-[4-(3-chloropropoxy)]-imidazo[1,2-a]pyridine and
6-[4-(3-chloropropoxy)]-imidazo[1,2-a]pyrimidine [22] or from their analo-
gues using standard procedures, like 6-(4-hydroxyphenyl)imidazo[2,1-b]-
thiazole that were prepared as follows first in our laboratory:
40-Hydroxyacetophenone (27.2 g, 0.2 mol) was dissolved in a mixture of
chloroform (400 ml) and ethyl acetate (400 ml). Copper(II)bromide (84 g,
0.376 mol) and 48% aqueous HBr was added to the solution then it was
stirred under reflux for 2 h. Having cooled the reaction mixture to 60 oC
charcoal (3 g) was added, after filtration the filtrate was concentrated to
50–60 ml. Ethanol (100 ml) and 2-aminothiazol (19 g, 0.19 mol) was
added to the residue, the reaction mixture was refluxed for 30 min then it
was cooled to 50–60 oC. Tetraethylammonium bromide (1 g) and sodium
carbonate (12 g, 0.113 mol) was added cautiously and the reflux and stir-
ring was continued further for 6 h. Water (40 ml) and ethyl acetate (70 ml)
was added to the cooled reaction mixture, the precipitated solid was fil-
tered off, washed with ethyl acetate and water to yield 20 g product (49%,
m.p.: 262–264 oC) that was used without further purification.
Analytical data of some selected compounds:
9: 1H NMR (CDCl3, 30 �C): 1.74 m (2H) (CH2); 1.83 m (2H) (CH2), 2.49
t (2H) (N––CH2); 2.67 m (4H) (N––CH2); 3.11 m (4H) (N––CH2); 3.86 s
(3H) (OMe); 4.04 t (2H) (O––CH2); 6.74 m (1H) (Ar); 6.83–7.04 m (6H)
(Ar); 7.13 m (1H) (Ar); 7.60 m (1H) (Ar); 7.76 s (1H) (Ar); 7.87 m (2H)
(Ar); 8.08 m (1H) (Ar). IR (KBr pellet): 2951, 2820, 1612, 1502, 1486,
1284, 1249, 1173, 1032, 839, 745, 736. LC/MS: k0 ¼ 4.058 min,
Area% ¼ 98.171, MW þ H+ ¼ 457.
12: 1H NMR (CDCl3, 30 �C): 1.73 m (2H) (CH2); 1.86 m (2H) (CH2);
2.49 t (2H) (N––CH2); 2.67 m (4H) (N––CH2); 3.11 m (4H) (N––CH2);
3.86 s (3H) (OMe); 4.04 t (2H) (O––CH2); 6.79 dd (1H) (Ar); 6.83–
7.02 m (6H) (Ar); 7.70 s (1H) (Ar); 7.94 m (2H) (Ar); 8.38 dd (1H) (Ar);
8.52 dd (1H) (Ar). IR (KBr pellet): 2941, 1615, 1498, 1488, 1475, 1251,
1238, 1227, 835, 763, 753. LC/MS: k0 ¼ 3.746 min, Area% ¼ 98.345,
MW þ H+ ¼ 458.
17: 1H NMR (CDCl3, 30 �C): 2.02 m (2H) (CH2); 2.51 t (2H) (CH2);
2.69 m (4H) (N––CH2); 3.11 m (4H) (N––CH2); 3.86 s (3H) (OMe); 4.08 t
(2H) (O––CH2); 6.78 d (1H) (Ar); 6.85–7.03 m (6H) (Ar); 7.39 d (1H)
(Ar); 7.62 s (1H) (Ar); 7.75 m (2H) (Ar). IR (KBr pellet): 2808, 1543,
1500, 1464, 1302, 1242, 1145, 834, 747. LC/MS: k0 ¼ 3.843 min,
Area% ¼ 98.224, MW þ H+ ¼ 449.
18: 1H NMR (DMSO-d6, 30 �C): 1.61 m (2H) (CH2); 1.76 m (2H) (CH2);
2.39 t (2H) (N––CH2); 2.51 m (4H) (N––CH2); 2.95 m (4H) (N––CH2);
3.76 s (3H) (OMe); 4.02 t (2H) (O––CH2); 6.84–6.94 m (4H) (Ar); 6.95 m
(2H) (Ar); 7.22 d (1H) (Ar); 7.73 m (2H) (Ar); 7.90 d (1H) (Ar); 8.08 s
(1H) (Ar). IR (KBr pellet): 3103, 2817, 1612, 1546, 1499, 1463, 1239,
1021, 998, 832, 742, 731. LC/MS: k 0 ¼ 4.009 min, Area% ¼ 98.074,
MW þ H+ ¼ 463.

3.2. Pharmacological screening

3.2.1. D3 receptor binding

The binding studies were carried out on rat recombinant D3 receptors ex-
pressed in Sf9 cells using [3H]-spiperone (0.4 nM) as a ligand and haloper-
idol (10 mM) for the determination of non-specific binding. The assay was
performed according to the Research Biochemical International assay pro-
tocol for rD3 receptor (Cat. No. D-181).

3.2.2. D2 receptor binding

Binding of [3H]-spiperone (0.5 nM) to rat striatal tissue was measured
according to the method of Seeman [23]. The non-specific binding was
determined in the presence of (�)-sulpiride (10 mM).

3.2.3. 5-HT1A receptor binding

The binding assay was performed according to Peroutka [24] on rat hippo-
campal tissue using [3H]-8-OH-DPAT (0.5 nM) as ligand. The non-specific
binding was determined in the presence of serotonin (10 mM).

The Ki values were calculated on the basis of the Cheng-Prusoff equation
[25].
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