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2-H- and 2-acyl-9-{�-[4-(2-methoxyphenyl)piperazinyl]alkyl}-1,2,3,4-te-
trahydro-�-carbolines as ligands of 5-HT�� and 5-HT�� receptors. J. BOKSA,
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Three series of new unsubstituted or 2-acyl 1,2,3,4-tetrahydro-�-carbo-
lines (THBC), connected to 1-(o-methoxyphenyl)piperazine by 2-, 3- or 4-
-membered alkylene spacer (3, 4 or 5, respectively) in position 9, were syn-
thesized and their 5-HT��/5-HT�� receptor affinities and functional in vivo
activities were investigated. Radioligand binding studies showed that unsub-
stituted (a) and acyl (b–f) derivatives with prop-1,3-ylene (4) and particu-
larly with but-1,4-ylene (5) spacer had a high 5-HT�� receptor affinity (K� =
30–110 nM), whereas the 5-HT�� affinity of derivatives with ethylene spacer
(3) was low. All those compounds (except 5c, K� = 44 nM) did not distinctly
bind to 5-HT�� receptors. The obtained results indicated that the length of an
alkylene chain was a crucial parameter for determining 5-HT�� receptor affi-
nities of the tested compounds, while acyl substituents in position 2 of THBC
were not important for their 5-HT��/5-HT�� activities. It was also demon-
strated that the few selected compounds (4d, 5a–c and 5e) with the highest
affinity (K� up to 50 nM) for 5-HT�� receptors, administered at doses of
10–20 mg/kg, behaved like antagonists of postsynaptic 5-HT�� receptors, as
they reduced the 8-OH-DPAT (5-HT�� agonist)-induced lower lip retraction
and behavioral syndrome in rats. Moreover, 4d seemed to be an agonist of
presynaptic 5-HT�� receptors, since the hypothermia induced by its admini-
stration was attenuated by WAY 100635 (5-HT�� antagonist). Compound 5c,
5-HT�� receptor ligand, demonstrated an antagonistic activity, as it inhibited
the (±)DOI (5-HT�� agonist)-induced head twitches in mice.

The obtained results of in vivo studies suggest that introduction of differ-
ent acyl substituents in position 2 of THBC with propylene or butylene spacer
between tricyclous and arylpiperazine moiety is insignificant for the post-
synaptic 5-HT�� receptor activity of the compounds tested in vivo. On the
other hand, only compound 5c with an acryloyl group and a butylene chain
behaved like a 5-HT��/5-HT�� antagonist.
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INTRODUCTION

The concept suggesting that a promising psycho-
tropic therapy may ensure from application of drugs
with a mixed serotonin 5-HT�� and 5-HT � activity
has been extensively explored [6, 13, 14, 20]. De-
rivatives of �-carboline are a class of important
agents which affect the activity of the central nerv-
ous system and induce diverse pharmacological ef-
fects. In our laboratory we synthesized a number of
tetrahydro-�-carbolines (THBC) whose activity was
connected with the serotonin (5-HT) system [4, 5,
15, 16]. Among those agents, we found 9-methyl-
-2-[3-(4-phenyl-1-piperazinyl)propyl]-1,2,3,4-tetra-
hydro-�-carbolin-1-one (B193), a compound show-
ing a high affinity and an antagonistic activity at
5-HT � receptors [23], as well as a potential antide-
pressant action [22]. We also demonstrated that
2-acetyl-9-{3-[4-(3-chlorophenyl)piperazinyl]pro-
pyl}-1,2,3,4-tetrahydro-�-carboline had a potent
mixed 5-HT��/5-HT � activity [4]. Those findings
encouraged us to search in this class of derivatives
for new ligands and to elucidate the significance of
a fragment which donates a basic nitrogen atom
(present, e.g. in the arylpiperazine part), and the
length of the aliphatic chain which separates it
from the �-carboline moiety [16]. It was shown that
only 1,2,3,4-tetrahydro-�-carbolin-1-ones, connec-
ted to o-methoxyphenylpiperazine by a 2–4 methyl-
ene spacer in position 9, showed a very high affini-
ty and an antagonistic activity at 5-HT��/5-HT �

receptors [16]. Since it is well known that even a re-
latively small structure modification in either a ter-
minal fragment or a chain-bridge may lead to sig-
nificant and beneficial changes in the affinity,
selectivity and pharmacological profile of activity
at a particular type of the receptor, in our present
study we have synthesized new, unsubstituted and
2-acyl-THBC, linked to 1-(o-methoxyphenyl)pipe-
razine moiety by a 2–4 membered alkylen chain,
and investigated their 5-HT��/5-HT � activities in
vitro and in vivo.

MATERIALS and METHODS

CHEMISTRY

The starting THBC was obtained according to
the method described by Ho and Walker [11]. THBC
was acetylated with acetic anhydride to 1, and was

then substituted with 1-(�-chloroalkyl)-4-(2-me-
thoxyphenyl)piperazines (for two or tree methylene
spacers) in the presence of potassium fluoride on
aluminium oxide (KF/Al O") in an acetonitrile so-
lution according to the previously published proce-
dure [17] to yield compounds 3b and 4b. For the
butylene chain, THBC was alkylated with 1,4-di-
bromobutane in the presence of KF/Al O" in the
acetonitrile solution to obtain compound 2, fol-
lowed by condensation of that intermediate com-
pound with o-methoxyphenylpiperazine in a buta-
nol solution in the presence of K CO" to 5b. Acetyl
derivatives 3b, 4b and 5b were hydrolyzed with
10% KOH solution in an 80% aqueous methanol to
obtain 3a, 4a and 5a. Those secondary amines were
acylated with acyl chloride (see Fig. 1) in a biphasic
liquid-liquid system (CHCl"-20% aqueous Na CO")
to yield compounds 3c–3f, 4c–4f and 5c–5f. The
products were purified by a column chromatogra-
phy (silica gel, CHCl"-CH"OH, 95:5 mixture), and
the structures were confirmed by �H NMR spec-
troscopy (free bases, supplementary materials).
The free bases were converted into hydrochloride
salts with HCl gas saturated diethyl ether in an ace-
tone solution, and their molecular formulae were
established on the basis on an elemental analysis
(supplementary materials). The yields, melting points
and molecular formula are given in Table 1.

PHARMACOLOGY

Radioligand binding studies

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-
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Table 1. Physicochemical data of the new compounds

Compound n R Yield %
(base)

Mp °C (salt)�

cryst. solvent�
Molecular formula
molecular weight

1 – b, 9-H 92 239–241
50% EtOH

C��H��N�O
214.3

2 – b,
9-(CH�)�Br

63 oil raw material was used

3a 2 a 78 171–173
acetone

C��H��N�O · 3HCl · 2H�O
536.0

3b 2 b 83 146–147
acetone-ether

C��H��N�O� · 2HCl · 2H�O
541.5

3c 2 c 64 124–126
acetone-ether

C�	H��N�O� · 2HCl · 2H�O
553.5

3d 2 d 96 136–137
acetone-ether

C��H��N�O� · 2HCl · H�O
585.6

3e 2 e 94 143–145
acetone-ether

C��H��N�O� · 2HCl · H�O
591.6

3f 2 f 81 126–128
acetone-ether

C��H��N�O� · 2HCl
581.6

4a 3 a 47 167–169
acetone-ether

C�
H��N�O · 3HCl · H�O
532.0

4b 3 b 39 146–147
acetone-ether

C�	H��N�O� · 2HCl · 0.5H�O
528.5

4c 3 c 73 117–119
acetone-ether

C��H��N�O� · 2HCl · H�O
549.5

4d 3 d 96 135–137
acetone-ether

C��H��N�O� · 2HCl · 0.5H�O
610.6

4e 3 e 91 140–142
acetone-ether

C��H��N�O� · 2HCl · H�O
605.6

4f 3 f 70 122–124
acetone-ether

C��H��N�O� · 2HCl · 2H�O
631.6

5a 4 a 79 173–175
acetone-MeOH

C��H��N�O� · 3HCl · CH�OH
560.0

5b 4 b 86 118–120
acetone-ether

C��H��N�O� · 2HCl · H�O
551.6

5c 4 c 76 122–123
acetone-ether

C��H��N�O� · 2HCl · 2H�O
581.6

5d 4 d 92 152–154
acetone-ether

C��H��N�O� · 2HCl · 2H�O
631.6

5e 4 e 65 139–141
acetone-ether

C��H��N�O� · 2HCl · 2H�O
637.7

5f 4 f 78 126–128
acetone-ether

C��H��N�O� · 2HCl
609.6

� Melting points were determined on a Boetius apparatus and are uncorected. � The products were dissolved in acetone and ether was
added until the solution became turbid



-DPAT (222 Ci/mmol, Amersham) and ["H]-ketan-
serin (66.4 Ci/mmol, NEN Chemicals), respective-
ly. Radioligand binding experiments were carried
out on rat brain using tissues from the hippocampus
for 5-HT�� receptors and the cortex for 5-HT � re-
ceptors, according to the previously published pro-
cedures [3].

K values were determined from, at least, three
competition binding experiments in which 10–14
sample concentrations, run in triplicate, were used.
The Cheng and Prusoff [7] equation was used for
K calculations.

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
(September–January), and were housed under stan-
dard laboratory conditions. They had free access to
food and tap water before the experiment. Each ex-
perimental 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 Biochemicals Inc.), reserpine (Ciba,
ampoules), N-{2-[4-(2-methoxyphenyl)-1-piperazi-
nyl]ethyl}-N-(2-pyridinyl)cyclo-hexanecarboxami-
de trihydrochloride (WAY 100635, synthesized by
Dr. J. Boksa, Institute of Pharmacology, Polish Aca-
demy of Sciences, Kraków, Poland) and (±)-DOI
(Research Biochemicals, Inc.) were used as aque-
ous solutions. Compounds 4d, 5a–c and 5e were
suspended in a 1% aqueous solution of Tween 80.
8-OH-DPAT, reserpine and WAY 100635 were in-
jected subcutaneously (sc), 4d, 5a–c, 5e and (±)DOI
were given intraperitoneally (ip) in a volume of
2 ml/kg (rats) or 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).

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. In a separate experiment, the ef-

fect of the studied compounds on the LLR induced
by 8-OH-DPAT (1 mg/kg) was tested. The com-
pounds were administered 45 min 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 placed individually in
experimental cages (30 × 25 × 25 cm) 5 min before
injection of the tested compounds. Observation ses-
sions, lasting 45 s each, began 3 min after the injec-
tion and were repeated every 3 min. Reciprocal fore-
paw treading (FT) and flat body posture (FBP) were
scored using a ranked intensity scale where 0 = ab-
sent, 1 = equivocal, 2 = present and 3 = intense. The
total maximum score of five observation periods,
amounted to 15 for each symptom/animal [21]. The
effect of the tested compounds on the behavioral
syndrome induced by 8-OH-DPAT (5 mg/kg) in re-
serpinized rats was estimated in an independent ex-
periment. The investigated compounds were admi-
nistered 60 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.

Body temperature in mice

Effects of the tested compounds given alone on
the rectal body temperature of mice (measured with
an Ellab thermometer) were recorded 30, 60, 90
and 120 min after administration. In other experi-
ments, the effect of WAY 100635 (0.1 mg/kg) on
the hypothermia induced by compounds 4d, 5a–c

or 5e was tested. WAY 100635 was administered
15 min before 4d, 5a–c or 5e, and rectal body tem-
perature was recorded 30 and 60 min after the in-
jection of the tested compounds. The results were
expressed as a change in body temperature (�t)
with respect to the basal body temperature, meas-
ured at the beginning of the experiment.

Head twitch response in mice

In order to habituate mice to the experimental
environment, each animal was randomly trans-
ferred to a 12 cm (diameter) × 20 cm (height) glass
cage, lined with sawdust 20 min before treatment.
Head twitches of mice were induced by (±)-DOI
(2.5 mg/kg). Immediately after the treatment, the
number of head twitches was counted during 20 min
[8]. The investigated compounds were administe-
red 60 min before (±)-DOI.
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RESULTS and DISCUSSION

We synthesized the series of unsubstituted (3a,
4a and 5a) and 2-acyl (3b–f, 4b–f and 5b–f) de-
rivatives of THBC, linked to 1-(o-methoxyphenyl)-
piperazine by ethylene (3), propylene (4) or butyle-
ne (5) aliphatic chain (Fig. 1), and investigated their
5-HT��/5-HT � receptor activities. The results of
binding studies indicated that the tested compounds
showed diverse 5-HT�� and 5-HT � receptor affi-
nities which were within a range of 1034 to 1035 M.
The derivatives containing the ethylene spacer
(3a–f) showed a relatively low affinity for 5-HT��

receptors (K = 77–311 nM). Elongation of the ali-
phatic chain to three or four methylene groups re-
sulted in an increase of 5-HT�� receptor affinity
(K = 20–110 nM); however, ligands with the buty-
lene chain (5a–f) demonstrated the highest affinity
for those receptors, their K values ranging from 20
to 59 nM. All the tested compounds, except 5c

(four-membered spacer and the acryloyl moiety,
rich in �-electrons, K = 44 nM) showed a low
5-HT � affinity (K = 92–992 nM). On the other
hand, it was observed that an introduction of acyl
groups (with a different hydrophilic-lipophilic pro-
perties) in position 2 of the THBC moiety was
insignificant for the formation of active ligand-re-
ceptor (5-HT�� and/or 5-HT �) complexes, since
unsubstituted compounds (3a, 4a and 5a) showed
the same 5-HT��/5-HT � receptor affinities as did
the acyl-substituted derivatives.

Some selected compounds with the highest
affinity (K up to 50 nM) for 5-HT�� (4d, 5a–c and
5e) and 5-HT � (5c) receptors were tested in vivo.
It is commonly accepted that the 8-OH-DPAT-
induced LLR in normal rats [1, 2] and FBP and FT
in reserpine-pretreated rats [21] are connected
with stimulation of postsynaptic 5-HT�� receptors.
Those effects of 8-OH-DPAT are abolished by
5-HT�� receptor antagonists, e.g. by WAY 100635
[9], WAY 100135 [19] or MP 3022 [18]. The re-
sults of our behavioral study presented in Table 3
indicate that compounds 4d, 5a–c and 5e (5-HT��

receptor ligands) behave like weak 5-HT�� post-
synaptic antagonists. In fact, 4d, 5a–c and 5e given
at doses of 10–20 mg/kg inhibited dose-dependent-
ly the 8-OH-DPAT-induced LLR in rats. Moreover,
5a–c and 5e (10–20 mg/kg) significantly reduced
the FBP and/or FT induced by 8-OH-DPAT in
reserpine-pretreated rats; unexpectedly, compound
4d (20 mg/kg) was ineffective in that model. WAY

100635 (0.1 mg/kg), used as a standard 5-HT�� re-
ceptor antagonist, completely blocked those effects
of 8-OH-DPAT in rats. At the same time, like WAY
100635, compounds 4d, 5a–c and 5e (at doses of
10–20 mg/kg) given alone did not produce any be-
havioral effects which would be characteristic of
the agonistic properties at postsynaptic 5-HT�� re-
ceptors (data not shown). It should be stressed here
that the observed postsynaptic 5-HT�� antagonistic
activity in vivo of 4d, 5a–c and 5e is markedly
weaker than that of the well-known 5-HT�� antago-
nists WAY 100635 (Tab. 3), WAY 100135 [19] or
MP 3022 [18]. As has been reported previously, the
8-OH-DPAT-induced hypothermia in mice was
attributed to stimulation of presynaptic 5-HT�� re-
ceptors [10, 12] and was abolished by WAY 100635
[9] and other 5-HT�� antagonists [18, 19]. All the
compounds tested in vivo decreased body tempera-
ture in mice (Tab. 4); however – in contrast to 5a–c

and 5e – only the hypothermia induced by 4d

(5 mg/kg) was attenuated by WAY 100635 (p <
0.01, data not shown). Therefore, it seems that 4d

possesses a presynaptic 5-HT�� agonistic activity,
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Table 2. 5-HT� and 5-HT� binding data of the tested com-
pounds

Compound K� (nM)

5-HT� 5-HT�

3a 238 ± 5 511 ± 19

3b 149 ± 5 992 ± 5

3c 311 ± 3 472 ± 5

3d 220 ± 4 175 ± 4

3e 77 ± 2 253 ± 10

3f 126 ± 3 175 ± 6

4a 70 ± 5 663 ± 20

4b 110 ± 5 333 ± 10

4c 53 ± 7 219 ± 2

4d 34 ± 4 103 ± 2

4e 71 ± 3 408 ± 7

4f 58 ± 4 160 ± 1

5a 30 ± 4 343 ± 11

5b 39 ± 4 92 ± 3

5c 20 ± 2 44 ± 2

5d 59 ± 3 109 ± 6

5e 48 ± 8 137 ± 5

5f 59 ± 1 173 ± 2



whereas reasons other than stimulation of 5-HT��

receptors seem to be responsible for the hypother-
mia induced by 5a–c or 5e. Central 5-HT � antago-
nistic activity can be assessed by the ability of com-
pounds to antagonize the (±)DOI (5-HT � agonist)-
-induced head twitches in mice [8]. Compound 5c

(5-HT � receptor ligand) demonstrated 5-HT � an-
tagonistic properties, as at high doses it inhibited
effectively the (±)DOI-induced head twitches in
mice (ED*( = 13.5 (9.6–18.9) mg/kg); therefore, this
compound may be regarded as a weak 5-HT�� (post-
synaptic)/5-HT � receptor antagonist.

The obtained results of in vivo studies indicate
that spacer length which separates the THBC part

from the 2-methoxy-phenylpiperazine rest is not
important for the postsynaptic 5-HT�� receptor
functional activity of all the in vivo tested com-
pounds, since 4d (with the propylene spacer) as well
as the remaining compounds (5a–c and 5e with the
butylene spacer) behaved like postsynaptic 5-HT��

antagonists. Interestingly, none of the butylene de-
rivatives (5a–c and 5e) demonstrated a 5-HT�� pre-
synaptic activity, whereas the propylene one (4d)
showed features of an agonist of those receptors in
the model used. An introduction of different acyl
substituents into position 2 of THBC seems to be
insignificant for the 5-HT�� in vivo activity of the
tested compounds; the unsubstituted 5a exerts the
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Table 3. Effects of the tested compounds and WAY 100635 on the 8-OH-DPAT-induced lower lip retraction (LLR) in rats (A) and 8-
OH-DPAT-induced behavioral syndrome in reserpinized rats (B)

Compound
Dose

mg/kg

Behavioral score, mean ± SEM

A: LLR B: Flat body posture Forepaw treading

Vehicle – 2.8 ± 0.2 14.3 ± 0.3 12.7 ± 0.3

4d 10 1.6 ± 0.2� NT NT

20 1.4 ± 0.1� 13.8 ± 0.6 10.0 ± 0.7

Vehicle – 2.7 ± 0.1 13.5 ± 0.6 12.3 ± 0.6

5a 10 1.9 ± 0.3� 12.6 ± 0.4 8.0 ± 1.6�

20 1.3 ± 0.3� 7.0 ± 1.8� 5.5 ± 1.3�

Vehicle – 2.8 ± 0.1 13.5 ± 0.6 12.3 ± 0.6

5b 10 1.4 ± 0.1� 11.2 ± 1.1 6.2 ± 0.8�

20 1.1 ± 0.3� 3.5 ± 1.0� 3.5 ± 1.0�

Vehicle – 2.8 ± 0.4 14.0 ± 0.3 12.5 ± 0.6

5c 10 1.4 ± 0.1� 8.0 ± 2.5� 4.5 ± 1.6�

20 0.7 ± 0.3� 5.2 ± 2.1� 4.8 ± 1.5�

Vehicle – 2.8 ± 0.1 14.3 ± 0.3 12.8 ± 0.3

5e 10 NT 13.3 ± 0.6 7.8 ± 1.1�

20 2.1 ± 0.2� 10.8 ± 2.0 4.0 ± 1.2�

Vehicle – 2.8 ± 0.1 13.7 ± 0.4 12.5 ± 0.7

WAY 100635 0.1 0.3 ± 0.2� 0.8 ± 0.4� 1.2 ± 0.7�

(A) The tested compounds (ip) and WAY 100635 (sc) were administered 45 min and 15 min, respectively, before 8-OH-DPAT
(1 mg/kg, sc); (B) reserpine (1 mg/kg, sc), the tested compounds (ip) and WAY 100635 (sc) were administered 18 h, 60 min and
30 min, respectively, before 8-OH-DPAT (5 mg/kg, sc); n = 6 rats per group, � p < 0.05, � p < 0.01 vs vehicle; NT – not tested



same 5-HT�� postsynaptic intrinsic activity as do
the substituted compounds (i.e. 4d, 5b, 5c and 5e).
On the other hand, only 5c (with the butylene spacer
and the acryloyl group) behaves like a weak 5-HT �

receptor antagonist.
The results indicate that the described structural

variations, i.e. changes in aliphatic spacer length
and introduction of different acyl substituents into
position 2 of THBC moiety, are not profitable to
obtain the expected mixed 5-HT��/5-HT � ligands
with a high functional activity. Elongation of the
spacer, but not modification of the terminal THBC

fragment, yields 5-HT�� ligands with a weak an-
tagonistic postsynaptic receptor activity.
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Table 4. The effect of the tested compounds and 8-OH-DPAT on body temperature in mice

Compound
Dose

mg/kg

� t ± SEM (°C)

30 min 60 min 90 min 120 min

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

4d 2.5 –0.8 ± 0.1� –0.4 ± 0.2 –0.4 ± 0.1 –0.3 ± 0.2

5 –1.2 ± 0.2� –0.5 ± 0.2 –0.4 ± 0.1 –0.3 ± 0.1

10 –2.7 ± 0.4� –1.7 ± 0.4� –0.8 ± 0.2� –0.4 ± 0.2

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

5a 10 –1.1 ± 0.1� –0.9 ± 0.1� –0.7 ± 0.1� –0.5 ± 0.3

20 –1.4 ± 0.2� –1.0 ± 0.2� –0.3 ± 0.1 –0.1 ± 0.1

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

5b 2.5 –0.8 ± 0.2� –0.7 ± 0.2� –0.3 ± 0.2 –0.2 ± 0.2

5 –1.8 ± 0.2� –1.4 ± 0.1� –0.9 ± 0.1� –0.6 ± 0.1�

10 –2.7 ± 0.3� –2.4 ± 0.4� –1.9 ± 0.4� –1.4 ± 0.3�

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

5c 10 –1.3 ± 0.2� –1.0 ± 0.1� –0.7 ± 0.2 –0.6 ± 0.1
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