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Introduction of a new complex imide system into the structure of LCAPs.
The synthesis and a 5-HT

��
, 5-HT

��
and D

�
receptor binding study. J. KOS-

SAKOWSKI, A. RASZKIEWICZ, R. BUGNO, A.J. BOJARSKI, Pol. J. Phar-
macol., 2004, 56, 843–848.

A series of 17 long-chain arylpiperazines containing bulky, complex
imide systems (5,8-dimethyl-3b,9-epoxy-(3a,4,5,6,7,8,9,9a)-octahydro-1H-
benzo[e]isoindole-1,3(2H)-dione or 4,9-diphenyl-4,9-epoxy-3a,4,9,9a-tetra-
hydro-1H-benzo[f]isoindole-1,3(2H)-dione) was synthesized and evaluated
for their affinity for serotonin 5-HT��, 5-HT�� and dopamine D� receptors.

Most of the new compounds showed moderate activity at 5-HT�� bind-
ing sites (K� = 100–492 nM), and two derivatives were found to have marked
affinity for the 5-HT�� receptor subtype. None of the tested compounds dis-
played appreciable binding to dopamine D� receptors.

Structure-activity relationships were discussed in respect to an aryl-
piperazine fragment, whereas the comparison of different imide terminals
enabled determination of the size of a hydrophobic pocket (approximately
300 Å�) within the 5-HT�� receptor.
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INTRODUCTION

Structure-activity relationship studies in the
field of long-chain arylpiperazines (LCAPs), inves-
tigated as serotonin (5-HT) receptor ligands, have
at least a 20-year history. The discovery that the
anxiolytic activity of buspirone was mediated
mainly by 5-HT'$ receptors has stimulated an in-
tensive search for new ligands of this receptor sub-
type [6]. The majority of new derivatives have been
designed basing on buspirone structure by modifi-
cation of its three main fragments, i.e. arylpipera-
zine, aliphatic spacer and terminal imide group. As
a result, compounds such as, e.g. tandospirone
(registered as an anxiolytic drug in 1996) [5], gepi-
rone and zalospirone (in phase III of clinical trials
for the treatment of both anxiety and depression
disorders) [9] have been developed. Currently,
a search for new, active 5-HT'$ ligands still repre-
sents an important direction in drug discovery stud-
ies, since the clinical effectiveness of available
anxiolytic agents is far from optimal.

To date, a huge number of LCAPs have been
examined, and the role of particular fragments, es-

sential for high-affinity at 5-HT'$ sites, is rela-
tively well established [6]. Of the three structural
elements mentioned above, a less clear is, however,
the function of a terminal imide/amide group. It is
postulated that this part of the ligand is located in a
large pocket formed by helices IV–VI, where dif-
ferent forces are engaged in stabilizing the ligand-
receptor complex. Among the remarkably diverse
imide substituents used, small moieties seem to
prevail, but more complex ones are also accepted
[7]. It is worth to note that the limit of hydrophobic
pocket capacity has not been determined.

Continuing our studies with LCAP ligands [2,
3], we investigated 17 new derivatives (Fig. 1) with
two imide terminals: 5,8-dimethyl-3b,9-epoxy-(3a,
4,5,6,7,8,9,9a)-octahydro-1H-benzo[e]isoindole-1,3-
(2H)-dione (2a–e) and 4,9-diphenyl-4,9-epoxy-
3a,4,9,9a-tetrahydro-1H-benzo[f]isoindole-1,3(2H)
-dione (4a–f and 5a–f). To explore the influence of
these bulky fragments on the serotonergic activity,
the most thoroughly studied arylpiperazines (phenyl-,
2-hydroxyphenyl-, 4-fluorophenyl-, 2-methoxyphenyl-,
2-pirymidyl-, 2-pirydyl-) and a standard spacer
chain (three or four-unit) were applied. All the new
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Fig. 1. Method of preparation of compounds 2a–2e, 4a–4f and 5a–5f. (A) benzofuran, maleimide, C�H�, reflux 1 h; (B) Br(CH�)�Br
or Br(CH�)�Cl, K�CO�, C�H�O, reflux 4.5 h; (C) Br(CH�)�Cl, K�CO�, C�H�O, reflux 4 h; (D) aryl(heteroaryl)piperazine, K�CO�,
C�H�O, reflux 35–112 h



compounds were tested for their affinity for

5-HT'$ receptors; moreover, with respect to the po-

tential multireceptoral profile of such derivatives,

binding affinities for 5-HT $ and dopamine D 

(preliminary screening) receptors were also evalu-

ated.

MATERIALS and METHODS

Chemistry

The details of preparation of compounds 1, 2 and
the final products 2a–2e were described earlier [4],
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Table 1. Physical properties and 5-HT��, 5-HT�� and D� receptor binding of the tested compounds

Compd Yield % Mp°C Molecular formula K� (nM)� (% inh)�

Molecular weight 5-HT�� 5-HT�� D�

2a� – – – 492 201 7

2b� – – – 100 1650 11

2c� – – – 105 793 26

2d� – – – 982 134 4

2e� – – – 144 3320 18

4 91 182-183 C��H��ClNO�

443.92
– – –

4a 63 165–166 C��H��N�O�

569.69
2000 1950 –

4b 63 154–155 C��H��N�O�

585.69
450 1007 –

4c 66 149–150 C��H��N�O�

599.72
470 1360 14

4d 58 176–177 C��H��FN�O�

587.68
> 10000 – –

4e 61 156–157 C��H��N�O�

571.67
> 10000 > 10000 –

4f 40 111–112 C�	H��N�O�

570.68
> 10000 – –

5 94 178–180 C��H��ClNO�

457.95
– – –

5a 52 142–143 C��H��N�O�

559.70
2200 5580 –

5b 61 160–161 C��H��N�O�

581.65
150 1638 –

5c 67 157–158 C�
H�
N�O�

589.79
170 1830 38

5d 56 187–188 C��H�	FN�O�

601.71
> 10000 – –

5e 60 138–139 C�	H��N�O�

585.70
> 10000 6170 –

5f 41 155–156 C��H�	N�O�

591.67
1200 – –

� Values are means of three separate experiments (SEM less than 10%); � % of inhibition @ 1 �M; � see ref. [4]



whereas the synthesis of the new compounds 4,

4a–4f and 5, 5a–5f is shown in Figure 1.
4,9-Diphenyl-4,9-epoxy-3a,4,9,9a-1H-benzo[f]

-isoindole-1,3(2H)-dione 3 [10] was prepared from

maleimide and 1,3-diphenylisobenzofuran by the

Diels-Alder reaction. Compounds 4 and 5 were ob-

tained by a one-step procedure involving alkylation

of compound 3 with 1-bromo-4-chlorobutane or

1-bromo-3-chloropropane in acetone in the presence

of anhydrous K CO�. The condensation of com-

pounds 4 and 5 with the corresponding N-sub-

stituted piperazine in acetone in the presence of

K CO� yielded the final compounds 4a-4f and

5a-5f, respectively.
Melting points were determined on a Electro-

thermal 9100 capillary apparatus and are uncor-

rected. 'H NMR spectra were taken with BRUCKER

(400 MHz) spectrometer in deuterochloroform so-

lutions with tetramethylsilane as an internal stan-

dard. The elemental analyses of the synthesized

compounds were taken with CHN model 2400

Perkin-Elmer apparatus and were within ±0.4% of

the theoretical values. The physical properties of

the compounds described in the present paper are

shown in Table 1.

Pharmacology

Radioligand binding experiments

5-HT
��

and 5-HT
��

binding assays. Radio-

ligand binding experiments for both 5-HT receptor

subtypes were conducted as described previously

[1] using [�H]-OH-DPAT (170 Ci/mmol, Amer-

sham) and rat hippocampus, or [�H]-ketanserin

(88 Ci/mmol, NEN Chemicals) and cortical mem-

branes for 5-HT'$ and 5-HT $ receptors, respec-

tively. K� values were determined on the basis of at

least three competition binding experiments in

which the tested compounds were used in concen-

trations of 10.'�–10.�, run in triplicate.
Dopamine D

�
screening assay. Dopaminergic

D activity was measured in rat striatal membranes

with [�H]-spiperone (15.70 Ci/mmol, NEN Chemi-

cals) as a radioligand, according to the previously

published procedure [8]. The compounds were

tested at a concentration of 1 �M, run in triplicate.

The percentage of inhibition, estimated on the basis

of two independent experiments, was reproducible

in ± 20%.
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Table 2. The 5-HT�� receptor affinity of some arylpiperazines and the volume of bulky, terminal imide fragments

R n K [nM] V�

[Å]�
R� = H R� = OCH�

3 2 000 (4a) 470 (4c)
337.0

4 2 200 (5a) 170 (5c)

3 > 1 000� 665�
253.8

4 > 1 000� 37�

3 125� 13�
241.4

4 14� 9�

� calculated using Alchemy 2000 (Tripos, USA); � data from ref. [7]
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RESULTS and DISCUSSION

The synthesized compounds were evaluated in
standard in vitro binding experiments for their af-
finity for 5-HT'$ and 5-HT $ receptors. Addition-
ally, selected representatives were tested in a pre-
liminary screening protocol for dopamine D re-
ceptor sites. All the results, expressed as K� values
for both 5-HT receptors or inhibition percentage at
a concentration of 10.- M for the D receptor, are
shown in Table 1. Generally, derivatives of series 2

were more potent 5-HT'$ agents than the respec-
tive analogues of series 4 and 5, but their affinity
was moderate (K� = 100–980 nM). Modification
within the aryl fragment had typical influence on
5-HT'$ receptor activity. Substitutents in the ortho
position at the phenyl ring were well accepted, and
the respective analogues always displayed higher
5-HT'$ affinity than did unsubstituted phenyl-
piperazines. The contrary was observed for p-F de-
rivatives which were the least active in each series.
Except for 2e (K� = 144 nM), compounds with py-
rimidynylpiperazine fragment were not recognized
by 5-HT'$ sites (K� > 10 000 nM), and similarly,
both the investigated pyridin-2-yl-piperazines
showed very low affinity.

With regard to 5-HT $ receptors, moderate ac-
tivity was found for 2d and 2a only (K� = 134 and
201 nM, respectively). The compounds from the
most active series 2 were further evaluated in pre-
screening experiments towards dopamine D recep-
tors. The best result was obtained for the o-OCH�

derivative 2c, and its two analogues 4c and 5c were
additionally investigated. None of the tested com-
pounds showed appreciable binding; the highest
percentage of inhibition (38% for 5c) corresponded
to modest dopaminergic activity (approximately
1000 nM), and inhibition constants (K�) were not
determined.

Although the investigated compounds did not
reveal high pharmacological activity, their exami-
nation provided useful data for defining the volume
of the 5-HT'$ receptor hydrophobic pocket. As can
be seen from Table 2, similar complex LCAPs de-
veloped by Lopez-Rodriguez et al. [7], showed di-
versified affinity for 5-HT'$ receptors (K� = 9 – >
1000 nM), which indicates that bulky imide frag-
ments can be well tolerated when combined with
favorable components, i.e. a longer chain and/or an
o-methoxyphenylpiperazine fragment. Since among
our derivatives containing even larger imide por-

tion (series 4 and 5) the most active ones reached
only a moderate level of affinity, it seemed that in
that case the capacity of the hydrophobic pocket
was exceeded.

In summary, a new group of 17 LCAPs with
bulky imide terminals, obtained by the Diels-Adler
reaction, was prepared. Their pharmacological
evaluation was focused on 5-HT'$, 5-HT $ and do-
pamine D receptor activity, examined in in vitro
binding studies. The derivatives of series 2 were
the most potent 5-HT'$ receptor ligands, and the
synthesis of their direct analogues with a te-
tramethylene spacer should yield new 5-HT'$ re-
ceptor agents.

The results obtained for compounds 4a–f and
5a–f suggest that the volume of approximately
300 Å� can be regarded as a limit of the 5-HT'$ re-
ceptor binding region responsible for interactions
with the amide/imide fragments of LCAPs.
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