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Abstract:

Two series of N-[(4-arylpiperazin-1-yl)-alkyl]-2-azaspiro[4.4]nonane (5-10) and [4.5]decane-1,3-dione (11-16) derivatives were
synthesized and their serotonin 5-HT; , and 5-HT,4 receptor affinities were determined. Compounds with the methylene spacer (5-7
and 11-13) exhibited low 5-HT; 4/5-HT»a receptor affinity, in contrast to their ethylene analogues regarded as potent 5-HT} 4 ligands,
especially those containing a cyclohexane moiety (14-16; Ki = 5.1, 2.7 and 4.3 nM, respectively) in the 3-position of the
pyrrolidine-2,5-dione ring. Moreover, derivatives with 3-chloro substituent (10 and 14) showed distinct affinity for 5-HT,a
receptors. The functional activity of compounds 10, 14, 15 and 16 was tested in vivo in the commonly used animal models. In those
experiments, the tested compounds showed features of agonists of pre- and postsynaptic (14), agonists of presynaptic and
antagonists of postsynaptic (10, 15), or agonists of postsynaptic (16) 5-HT 4 receptors. Additionally, 10 and 16 exhibited properties
of potential 5-HT»4 receptor antagonists. The above results suggested a crucial role of the spacer between the amide fragment and
4-arylpiperazine moiety, as well as of the size of the cycloalkyl ring at the 3-position of pyrrolidine-2,5-dione ring in functional
5-HT;a/5-HT,4 properties.
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Introduction

Serotonin (5-HT) plays an important role in many
physiological and pathophysiological processes in the
brain. These processes are mediated by a specific in-
teraction of 5-HT with seven major receptor classes.
The 5-HT| 5 receptor subtype is one of the best char-
acterized,; it is well established that these receptors are
involved in such psychiatric disorders as depression
and anxiety [22]. Several classes of compounds are

known to bind to 5-HT 4 receptor sites. Among them,
4-arylpiperazines that are linked to a terminal cyclic
amide via a long chain are effective as antianxiety
and antidepressant drugs [3, 12]. Many studies into
the structure-activity relationship of such long-chain
arylpiperazine derivatives as 5-HT; 4 receptors ligands
have been carried out [5, 19-21]. The authors indi-
cated that the nature of the aryl ring at N4 nitrogen
atom of the piperazine moiety and the length of the al-
kyl chain, as well as the terminal cyclic amide frag-
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ment play an important role in the 5-HT; 4 receptor-
ligand binding.

In our previous papers [14, 16], we described the
synthesis and 5-HT,,/5-HT,, receptor affinity of
a new 3-spirocycloalkyl pyrrolidine-2,5-dione with
a 4-arylpiperazine moiety connected to the amide
fragment with a propylene spacer. As shown in Figure
1, some of them displayed high 5-HT,, and low-to-
moderate 5-HT; 5 receptors affinity. In this series of
compounds, the affinity for both 5-HT; 5 and 5-HT,,
receptors depended on the size of the cycloalkyl ring;
in fact, cyclohexane derivatives (1a—c) were slightly
more active than their cyclopentane analogues (2a—c).
In an in vivo study, compounds la—c¢ were demon-
strated to act as 5-HT,, receptor antagonists. The
radioligand binding and functional data prompted us
to synthesize and test some new compounds in which
we changed the length of the spacer between the 4-
arylpiperazine moiety and the amide fragment from
propylene (la—c¢ and 2a—c) to methylene (5-7 and
11-13) or to ethylene (8-10 and 14-16). Furthermore
we examined the influence of those modifications on
5-HT, o/5-HT,4 receptor activities in vitro, and de-
scribed the pharmacological properties of the most ac-
tive derivatives in vivo.

Materials and Methods

CHEMICAL PART

The synthesis of compounds 8-10 and 14-16 is
shown in Figure 2. Melting points (m.p.) were deter-
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1a R = H Ki ["M]*: 5-HT, , = 535 £ 30, 5-HT,,= 27 + 3
1b R = 2-F Ki [\M]*: 5-HT, , = 368 £ 75, 5-HT,4= 46 £ 12
1¢ R = 3-CI Ki [\M]*: 5-HT, ;= 106 12, 5-HT,,= 15+ 3
2a R = HKi ["M]**: 5-HT, ,= 692 £ 26, 5-HT,,= 29 + 4

2b R = 2-F Ki ["M]**: 5-HT, ,= 354 + 16, 5-HT,,= 137 £ 10
2¢ R = 3-CI Ki ["M]**: 5-HT, ;= 107 + 8, 5-HT,,= 26 + 4

Fig. 1. Chemical structure of compounds 1a—c and 2a—c *[16], **[14]
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Fig. 2. Synthesis of compounds 8-10 and 14-16

mined in an electrothermal digital m.p. apparatus and
are uncorrected. The chemical structures of the obtained
compounds were confirmed by elemental and spectral
analyses. 'H NMR spectra were obtained with a Varian
Mercury spectrometer operating at 300 MHz. Chemical
shifts were reported as parts per million (& ppm) from
(CH3)4Si (TMYS) as an internal standard. Signal multi-
plicities are represented as: s (singlet), d (doublet),
t (triplet), m (multiplet). The purity of the compounds
was checked by a thin-layer chromatography (TLC)
on Merck silica gel GF,s4 aluminium sheets, using the
following mobile phases: S; butanol : acetic acid :
H,O (5:4:1), and S, chloroform : isopropanol : 25%
ammonia (9:11:2). Spots were detected by absorption
of UV light. The results of elemental analyses for C,
H, N were within + 0.4% of the theoretical values.

The synthesis and physicochemical data of com-
pounds 5-7 and 11-13 were described earlier [15, 17]
but it should be noted that none of them were tested
for their 5-HT o/5-HT, 4 receptors affinity.

The starting 1-carboxy-1-cyclopentane-acetic acid
(3) and 1-carboxy-1-cyclohexane-acetic acid (4) were
obtained by the method described by Scott et al. [25].
The appropriately substituted 1-(2-aminoethyl)-4-
arylpiperazines were synthesized on the basis of the
method described earlier [10]. The N-[2-(4-arylpipe-
razin-1-yl)-ethyl]-2-aza-spiro[4.4]nonane (8-10) and
[4.5]decane-1,3-dione derivatives (14-16) were obtained
in a one-pot cyclization of the acids 3, 4 with the ap-
propriately substituted 1-(2-aminoethyl)-4-arylpipera-
zines by heating them at ca. 180°C for 1.5-2 h.

General procedure for the preparation of the
N-[2-(4-arylpiperazin-1yl)-ethyl]- derivatives of 2-
azaspiro[4.4]nonane- (8-10) and [4.5]decane-1,3-dione
(14-16): Appropriately substituted 1-(2-aminoethyl)-
4-arylpiperazine (0.001 mol) was dissolved in 20 ml
of water, and 0.01 mol of the 1-carboxy-1-cyclo-
pentane- or 1-carboxy-1-cyclohexane-acetic acid was
gradually added. The mixture was heated in an oil
bath with simultaneous distillation of water. After
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complete removal of water, the temperature of the re-
action mixture was raised up to 180°C and maintained
for 1.5 h. The crude products were crystallized from
ethanol. Free bases were converted into hydrochloride
salts in anhydrous ethanol saturated with HCI gas.
The obtained precipitates of the salts were crystallized
from anhydrous ethanol.
N-[2-(4-Phenylpiperazin-1-yl)-ethyl]-2-azaspiro[4.4]-
nonane-1,3-dione hydrochloride (8): White crystals,
mp 220-222°C (EtOH); Yield: 63% (2.38 g); R;=10.75
(Sy), Ry = 0.96 (S,); 'TH-NMR (CDCl5) &: 1.62-1.68
(m, 4H, C,4Hg), 1.69-2.13 (m, 2H, C4Hg), 2.15-2.18 (t,
2H, C4Hg J = 4.12 Hz), 2.60 (s, 2H, imide), 2.63-2.68
(m, 6H, 4H, N(CH,), 2H, CH,-CH,.), 3.13-3.17 (t,
4H, N(CH,), J = 5.08 Hz), 3.69-3.73 (t, 2H CH,—~CH,,
J = 6.46 Hz), 6.84-6.95 (m, 3H, C4Hs.), 7.28-7.32
(m, 2H, Cg¢Hs), 12.80 (br. s, 1H, NH); Anal. Calcd.
for C,H,gCIN;O, C: 63.55, H: 7.47, N: 11.12. Found:
C: 63.83, H: 7.40, N: 11.04.
N-{2-[4-(2-Fluorophenyl)-piperazin-1-yl]-ethyl}-
2-azaspiro[4.4]nonane-1,3-dione hydrochloride (9):
White crystals, mp 190-192°C (EtOH); Yield: 55%
(2.18 g); Ry = 0.77 (S;), Ry = 0.95 (S,); 'H-NMR
(CDCly) 8: 1.65-1.97 (m, 6H C4Hg), 2.13-2.20 (m,
2H, C4Hy), 2.86 (s, 2H imide), 3.01-3.05 (t, 2H, N(CH,),
J=9.87 Hz), 3.34-3.36 (d, 2H, CH,—CH,, J = 4.68 Hz),
3.45-3.49 (d, 2H, N(CH,), J = 12.93 Hz), 3.66-3.3.74
(t, 2H, CH,~CH,, J = 11.55 Hz), 3.95-3.98 (t, 4H,
N(CH,), J = 5.36 Hz), 6.98-7.14 (m, 4H, C4H,), 12.90
(br. s, TH, NH"); Anal. Calcd. for CyyH,,CIN;0, C: 60.66,
H: 6.87, N: 10.61. Found: C: 60.95, H: 6.87, N: 10.53.
N-{2-[4-(3-Chlorophenyl)-piperazin-1-yl]-ethyl}-
2-azaspiro[4.4]nonane-1,3-dione hydrochloride (10):
White crystals, mp 233-235°C (EtOH); Yield: 70%
(2.88 2); R¢=0.80 (S)), R¢=0.94(S,); 'H-NMR (CDCl,)
8: 1.69-1.98 (m, 4H, C4Hg), 2.10-2.98 (m, 2H, C4Hg),
2.25-2.35 (m, 2H, C4Hg), 2.64 (s, 2H imide), 3.02-3.13
(m, 4H, N(CH,),), 3.39-3.43 (d, 2H CH,—CH,, J =
12.93 Hz), 3.61-3.69 (m, 6H, 4H, N(CH,),, 2H,
CH,~CH,), 7.04-7.13 (m, 2H, C¢H,), 7.24-7.41 (m,
2H, CgH,), 12.98 (br. s, 1H, NH"); Anal. Calcd. for
CyoH,7C1LN;0, C: 58.31, H: 6.61, N: 10.20. Found:
C: 58.04, H: 6.47,N: 10.16.
N-[2-(4-Phenylpiperazin-1-yl)-ethyl]-2-azaspiro[4.5]-
decane-1,3-dione hydrochloride (14): White crys-
tals, mp 228-230°C (EtOH); Yield: 59% (2.31 g); R¢
= 0.79 (Sy), Ry = 0.96 (S,); 'H-NMR (CDCl;) &:
1.24-1.83 (m, 10H, CsH;), 2.83 (s, 2H, imide), 2.98
(br. s, 2H, CH,—CH,) 3.18-3.33 (d, 2H, CH,—CH, J =
4.68 Hz), 3.62-3.77 (m, 4H N(CH,),), 3.92-3.95 (t,

4H N(CH,), J = 5.36 Hz), 6.94-7.01 (m, 3H, C4Hs),
7.32-7.35 (m, 2H, CgHs), 12.97 (br. s, 1H, NH");
Anal. Calcd. for C,;H;,CIN;O, C: 64.35, H: 7.71, N:
10.75. Found: C: 64.30, H: 7.94, N: 10.75.
N-{2-[4-(2-Fluorophenyl)-piperazin-1-yl]-ethyl}-2-
azaspiro[4.5]decane-1,3-dione hydrochloride (15):
White crystals, mp 224-226°C (EtOH); Yield: 67%
(2,75 g); Re = 0.79 (S;), Ry = 0.90 (S,); 'H-NMR
(CDCly) &: 1.29-1.79 (m, 10H, CsH;), 2.51 (s, 2H,
imide), 2.90 (br. s, 2H, CH,—CH,) 3.18-3.22 (m, 2H,
CH,—CH,), 3.35-3.62 (m, 4H, N(CH,),), 3.79-3.9
(m, 4H N(CH,),), 7.04-7.20 (m, 4H, C4H,), 10.95 (br.
s,1H, NH"); Anal. Calcd. for C,;H,gFCIN;0, C: 61.52,
H: 7.13,N: 10.25. Found: C: 61.71, H: 7.27, N: 10.49.
N-{2-[4-(3-Chlorophenyl)-piperazin-1-yl]-ethyl}-2-
azaspiro[4.5]decane-1,3-dione hydrochloride (16):
White crystals, mp 252-254°C (EtOH); Yield: 75%
(3.19 2); R=0.78 (S), Rg= 093 (S,); 'H-NMR (CDCl,)
6 130-1.89 (m, 10H, CsH;q), 2.57 (s, 2H, imide),
2.60-2.65 (m, 6H, 4H N(CH,),, 2H, CH,-CH,),
3.11-3.15 (t, 4H, N(CH,),, J = 4.68 Hz), 3.66-3.70 (t,
2H, CH,-CH, J=6.32 Hz), 6.77-6.89 (m, 3H, C¢H,),
7.15-7.20 (t, 1H, C¢Hy, J=8.11 Hz), 12.30 (br. s, 1H,
NH"); Anal. Calcd. for C,,H,9Cl, N;O, C: 59.21, H:
6.86, N: 9.86. Found: C: 59.01, H: 6.69, N: 9.79.

PHARMACOLOGICAL PART

All the experimental procedures were approved by the
Local Bioethics Commission at the Institute of Phar-
macology, Polish Academy of Sciences in Krakow.

In vitro studies

5-HT; 5 and 5-HT,, binding assays

The affinity of the investigated compounds for
5-HT,, and 5-HT,, receptors in vitro was assessed
on the basis of their ability to displace [*H]-8-OH-
DPAT (170 Ci/mmol, NEN Chemicals, USA) and
[?H]-ketanserin (88 Ci/mmol, NEN Chemicals, USA),
respectively. Radioligand binding experiments were
carried out on the rat brain using tissues from the hip-
pocampus and from the cortex, and affinity for
5-HT; , and 5-HT,, receptors, respectively, according
to the previously published procedures [4]. K; values
were determined from at least three competition bind-
ing experiments in which 10-14 concentrations of the
tested compounds, run in triplicate, were used. The
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Tab. 1. Chemical structure and the 5-HT,,/5-HT,, receptor affinities
of the investigated compounds 5-16

O

Compound Ring A n R Ki SEM (nM)
5-HTya 5-HTop
5 cyclopentane 1 H 500+£34 2580 +68
6 cyclopentane 1 2-F 22015 141020
7 cyclopentane 1 3-Cl 750+6 1620 £+ 120
8 cyclopentane 2 H 70+2 390 +16
9 cyclopentane 2 2-F 120£10 930+ 72
10 cyclopentane 2 3-Cl 101 30+1
11 cyclohexane 1 H 650 +26 1380 +82
12 cyclohexane 1 2-F 270+12 1600 + 36
13 cyclohexane 1 3-Cl 275+5 72+8
14 cyclohexane 2 H 5102 86+5
15 cyclohexane 2 2-F 27+03  192+23
16 cyclohexane 2 3-Cl 43+0.7 15+05
Ketanserin 1933+219 15+02

Cheng and Prusoff equation [6] was used for K calcu-
lations.

In vivo experiments

The experiments were performed on male Wistar rats
(280-310g) or male Albino Swiss mice (24-28 g).
The animals were kept at a room temperature of 20 + 1°C,
and had free access to food (standard laboratory pel-
lets, LSM) and tap water. All the investigations were
conducted in the light phase, of a natural day-night
cycle (from January to March), between 9 a.m. and
2 p.m. Each experimental group consisted of 68 ani-
mals/dose, and all the animals were used only once.
8-Hydroxy-2-(di-n-propylamino)tetralin hydrobromide
(8-OH-DPAT, Research Biochemical Inc.), N-{2-[4-
(2-methoxyphenyl)-1-piperazinyl]ethyl } -N-(2-pyridinyl)-
cyclohexane-carboxamide trihydrochloride (WAY 100635,
synthesized by Dr. J. Boksa, Institute of Pharmacology,
Polish Academy of Sciences, Krakéw, Poland) and
(£)-1-(2,5-dimethoxy-4-iodophenyl)-2-aminopropane
(£)-(DOI) were used as aqueous solutions. The inves-
tigated compounds (10, 14, 15, 16) were suspended in
1% aqueous solution of Tween 80. The suspensions
were neutralized using a few drops of 0.1 M NaOH.
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8-OH-DPAT and WAY 100635 were injected subcuta-
neously (sc), 10 14, 15, 16 and (+)-DOI were given
intraperitoneally (ip), in a volume of 2 ml/kg (rats)
and 10 ml/kg (mice). The obtained data were ana-
lyzed by one-way analysis of variance followed by
Dunnett’s test (when only one drug was given) or by
Newman-Keuls test (when two drugs were adminis-
tered).

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 recorded 30, 60, 90, and
120 min after their administration. In separate experi-
ment, the effect of WAY 100635 (0.1 mg/kg) on the
hypothermia induced by compounds 10, 14 or 16 was
tested. WAY 100635 was administered 15 min before
the tested compounds and the rectal body temperature
was recorded 30 and 60 min after their injection. In
another experiment, the effect of 15 (which did not
change mouse body temperature) on the 8-OH-DPAT
(5 mg/kg)-induced hypothermia was assessed. Com-
pound 15 was administered 45 min prior to 8-OH-
DPAT, and rectal body temperature was measured 15,
30, 45, and 60 min after 8-OH-DPAT injection. The
results were expressed as a change in body tempera-
ture (87) 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 de-
scribed by Berendsen et al. [2]. The rats were indi-
vidually placed in cages (30 x 25 x 25 cm), and they
were scored three times (at 15, 30 and 45 min) 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 total
maximum score amounted to 3/rat. In separate experi-
ment, the effect of the investigated compounds or
WAY 100635 on LLR induced by 8-OH-DPAT
(1 mg/kg) was tested. The investigated compounds or
WAY 100635 were administered 45 min and 15 min,
respectively, prior to 8-OH-DPAT, and the animals
were scored 15, 30, and 45 min after 8-OH-DPAT ad-
ministration.
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Tab. 2. The effect of the investigated compounds and WAY 100635
on the body temperature in mice

Treatment  Dose At SEM (°C)
ma/kg
30 min 60 min 90min 120 min
Vehicle - 01«01 00£01 -02+01 00=+01
10 5 -05+02 -04+01 -05+01 -03+01
10 -09+01> —0.8+0.1" —11+020 —0.8+0.20
14 10 -06+012 -05+02 -03+01 -02+0.1
20 -1.0+0.1> 11201 -1.6+01> -0.8+0.1t
Vehicle - 01+01 01«01 00+01 00+01
15 10 -03+01 -02+01 -01+01 01x0.1
20 -04+02 —03+01 —04+02 -02+02
16 10 -02+01 -03+01 -05+02 -03+01
20 12401 132020 11020 —12+020
Vehicle - 01«01 00«01 -01+01 —02+0.1
WAY 100635 0.1 02+01 02«01 01+01 02+01

The investigated compounds (ip) and WAY 100635 (sc) were admin-
istered 30 min before the test. The absolute mean initial body tem-
peratures were within a range of 36.3 + 0.5[C, ® p < 0.05, b p <0.01
vs. vehicle

Tab. 3. The effect of WAY 100635 on the hypothermia induced by
compounds 10, 14, 16 and 8-OH-DPAT in mice

Treatment and dose (mg/kg) At SEM (°C)
30 min 60 min

Vehicle + vehicle 0001 -0.1+01
Vehicle + 10 (10) -09+02°  —07+0.1°
WAY 100635 (0.1) + 10 (10) -03+01%  —03+01%
Vehicle + vehicle -0.1+01 0.0+01
Vehicle + 14 (20) -10+010 1101
WAY 100635 (0.1) + 14 (20) -05+01%  -04+018
Vehicle + vehicle 01201 -0.1+01
Vehicle + 16 (20) -09+01°  —1.0+0.1°
WAY 100635 (0.1) + 16 (20) 042028 —04£028
Vehicle + vehicle 0101 0101
Vehicle + 8-0H-DPAT (5) -10+010  —07+0.22
WAY 100635 (0.1) + 8-0H-DPAT (5)  —0.1+0.18 01018

WAY 100635 was administered (sc) 15 min before the investigated
compounds (ip) or 8-0H-DPAT (sc). The absolute mean injtial body
temperatures were within a range of 36.3 + 0.5[C, ° p < 0.05, b p<0.01
vs. vehicle + vehicle; " p < 0.05, ~ p < 0.01 vs. vehicle + investigated
compound

Tab. 4. Induction of lower lip retraction (LLR) by the investigated
compounds and WAY 100635 (A) and their effect on the 8-OH-
DPAT-induced LLR (B) in rats

Treatment Dose mg/kg Means SEM LLR score
A B
Vehicle - 0.1+0.1 2.8+0.1
10 10 0+0 122020
20 0.3+0.1 12+020
14 10 1.0+0.20 2302
20 26+0.20 NT
Vehicle - 0101 28+0.2
15 10 13+02b 28+0.2
20 20+0.20 NT
16 5 01+01 18403
10 04+02 0.6+0.3°
WAY 100635 0.1 0.1+0.1 0.3+0.2

The investigated compounds (ip) and WAY 100635 (sc) were admin-
istrated 15 min before the test (A), or 45 min before 8-OH-DPAT
(1mg/kg, sc) (B). b p < 0.01 vs. vehicle (A) or vs. vehicle + 8-OH-DPAT
(B); NT — not tested

Tab. 5. The effect of compounds 10, 16 and ketanserin on the
(£)-DOI-induced head twitch response in mice

Treatment IDso (mg/kg, ip)*
10 8.3(6.1-11.2)
16 43(3.2-5.8)

Ketanserin 0.12(0.07-0.2)

% D4, — the dose inhibiting the head twitches in mice by 50%; confi-
dence limits (90%) given in parenthesis. The investigated com-
pounds were administrated ip 60 min before (£)-DOI (2.5 mg/kg, ip)

Tab. 6. Functional in vivo 5-HT, ,/5-HT,, receptor activity of the inves-
tigated compounds

Compound 5-HT44 activity 5-HToa activity
presynaptic postsynaptic
10 agonist antagonist antagonist
14 agonist agonist NT
15 non active agonist NT
16 agonist antagonist antagonist

NT — not tested

Pharmacological Reports, 2006, 58, 107-114 111



Head twitch response in mice

In order to habituate mice to the experimental envi-
ronment, each animal was randomly transferred to
a 12 cm (diameter) x 20 cm (height) glass cage, lined
with sawdust, 20 min before treatment. Head twitches
were induced in mice by (+)-DOI (2.5 mg/kg). Imme-
diately after the treatment, the head twitches were
counted for 20 min [7]. The investigated compounds
were administered 60 min before (+)-DOI.

Results and Discussion

The results of the binding studies with compounds
5-16 are summarized in Table 1. They show that the
novel arylpiperazines exhibit significant but diversi-
fied affinities for 5-HT;,/5-HT, 4 receptors, probably
due to the length of the spacer and the size of the cy-
cloalkyl ring at the amide fragment. In contrast to the
previously obtained propylene derivatives (1a—¢ and
2a—c), which were found to be potent 5-HT,  receptor
ligands [14, 16], the new compounds with the ethy-
lene chain and cyclohexane ring (14, 15, 16) are the
most potent 5-HT;, receptor ligands (K; = 5.1, 2.7
and 4.3 nM, respectively), whereas cyclopentane ana-
logues (8, 9, 10) are slightly less active (K; = 70, 120
and 10 nM, respectively). In the case of the series
with a methylene bridge (5-7 and 11-13), the shorten-
ing of the spacer resulted in low affinity for both
5-HT| 5 and 5-HT, 4 receptors (Ki = 220-750 nM and
390-2580 nM, respectively). Among those com-
pounds, only 3-chloro derivative (13) produced an in-
crease in 5-HT,, receptor affinity (Ki = 72nM), but
did not significantly influence K; values at the 5-HT 5
receptor.

Regarding 5-HT, 4 receptors, the results of binding
studies demonstrated that the affinity for this receptor
was, as a rule, lower than that for 5-HT, 5 receptor.
The introduction of an electron withdrawing 3-chloro
substituent produced the most positive effect and in-
creased the affinity for 5-HT,, receptor. Except for
compound 7, the other 3-Cl derivatives 10, 13, 16
demonstrated high affinity (K; = 15-72 nM) for
5-HT, 4 receptors.

The compounds 10, 14, 15, 16 active in vitro (Ki <
10 nM) were further tested in several in vivo models
to determine their functional profile at 5-HT;, and
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5-HT,, receptors. As was shown previously, the hy-
pothermia induced by the 5-HT;, receptor agonist
8-OH-DPAT in mice depended primarily on the
stimulation of presynaptic 5-HT; 4 receptors [11, 13]
and was abolished by such 5-HT;, receptor antago-
nists as WAY 100635 [9]. Thus, the hypothermia pro-
duced by the tested compounds and reduced by WAY
100635 was regarded as a measure of presynaptic
5-HT| 5 receptor agonistic activity. Moreover, the ef-
fect of compounds which, like WAY 100635, did not
modify mouse body temperature in the 8-OH-DPAT-
induced hypothermia was assessed to measure pre-
synaptic 5-HT| 5 receptor antagonistic activity. To de-
termine the postsynaptic 5-HT;, receptor agonistic
effect of the tested 5-HT, 5 ligands, their ability to in-
duce lower lip retraction (LLR) in rats was tested. The
8-OH-DPAT-induced LLR was found to be related to
the activation of postsynaptic 5-HT  receptors [1, 2];
moreover, it was shown that the latter symptom was
sensitive only to 5-HT; 4 receptor antagonists [9, 18,
23]. Additionally, the 5-HT,, antagonistic activity of
10 and 16 was assessed by testing their ability to an-
tagonize the (+)-DOI-induced head twitches in mice,
the effect being connected with selective stimulation
of central 5-HT, 4 receptors [7, 26].

All the results of in vivo studies are presented in
Tables 2-5. Of the compounds tested, 10, 14 and 16,
like 8-OH-DPAT, induced hypothermia in mice (Tab.
2), and this effect was reduced by WAY 100635 (Tab.
3). On the other hand, compound 15, like WAY
100635, did not change body temperature in mice
(Tab. 2) but, in contrast to WAY 100635, at the dose
up to 10 mg/kg, it did not affect the hypothermia in-
duced by 8-OH-DPAT in mice (data not shown).
These results indicate that in the hypothermia model,
compounds 10, 14 and 16 behave like presynaptic
5-HT 5 receptor agonists, while 15 is inactive in this
test. Like 8-OH-DPAT, compounds 14 and 15 evoked
LLR in rats, whereas 10 and 16, like WAY 100635, in-
hibited the LLR induced by 8-OH-DPAT (Tab. 4). The
above results demonstrate that 14 and 15 exhibit fea-
tures of postsynaptic 5-HT; , receptor agonists, while
10 and 16 behave like antagonists of these receptors.
Like ketanserin, a reference 5-HT,, receptor antago-
nist, compounds 10 and 16 (which exhibited the high-
est 5-HT,, receptor affinity) inhibited the head
twitches induced by (£)-DOI, a 5-HT, 4 receptor ago-
nist, in mice (Tab. 5). Hence, compounds 10 and 16
may be classified as 5-HT,, receptor antagonists.
However, it has been demonstrated that head twitch
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response evoked by (+)-DOI was also inhibited by
e.g. the selective antagonists of dopamine D and D,
receptors or oj-adrenoreceptors [8, 24]. In the present
paper, for compounds 10 and 16, only 5-HT;, and
5-HT,, receptor activity was determined. Thus, it
cannot be excluded that mechanisms other than
5-HT,, receptor blockade are involved in reduction
of (+x)DOI-induced head twitches by these com-
pounds.

As follows from the in vivo results, the tested com-
pounds are characterized by diverse in vivo activity at
5-HT; 5 receptors. In fact, in the used models, those
compounds showed characteristics of pre- and post-
synaptic 5-HT; 4 receptors agonists (14), of agonists
of presynaptic and antagonists of postsynaptic sites
(10 and 16), or of postsynaptic 5-HT;, receptor an-
tagonists (15). Moreover, compounds 10 and 16 ex-
hibited properties of potential 5-HT,, receptor an-
tagonists (Tab. 6).

In conclusion, a new series of N-[(4-arylpiperazin-
1-yl)-alkyl]-2-azaspiro[4.4]nonane- and [4.5]decane-1,3-
dione analogues of series la—c¢ and 2a—c can be re-
garded as potential ligands of 5-HT receptors. The
obtained results show that both structural features, i.e.
the alkyl chain length and the size of the cycloalkyl
ring, seem to play a significant role in the binding to
5-HT 5 receptor sites. Considering the functional pro-
file of the investigated 5-HT;, and 5-HT;/5-HT,4
receptor ligands, it cannot be excluded that they (or at
least some of them) are likely to reveal potential psy-
chotropic properties.
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