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Phenylpyrroles, a new chemolibrary virtual screening class
of 5-HT7 receptor ligands

Magalie Paillet-Loilier,a Frédéric Fabis,a Alban Lepailleur,a Ronan Bureau,a

Sabrina Butt-Gueulle,a François Dauphin,a Catherine Delarue,b

Hubert Vaudryb and Sylvain Raulta,*

aCentre d’Etudes et de Recherche sur le Médicament de Normandie, Université de Caen, UFR des Sciences Pharmaceutiques,
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Abstract—Virtual screening studies have identified a series of phenylpyrroles as novel 5-HT7 receptor ligands. The synthesis and the
affinity for the 5-HT7 receptor of these phenylpyrroles are described. Some of these compounds exhibited high affinity for the 5-HT7

receptors.
� 2005 Elsevier Ltd. All rights reserved.
Figure 1. 5-HT7 receptor antagonists.
Receptors of serotonin (5-hydroxytryptamine, 5-HT)
are classified into seven receptor subfamilies (5-HT1–7)
based on pharmacological, structural and transduc-
tional information.1

Application of molecular cloning has led to identifica-
tion and characterization of the 5-HT7 receptor subtype
from rat,2–5 mouse,6 human,7 guinea-pig 8 and pig.9 The
5-HT7 receptors have been located in the central nervous
system (thalamus, hypothalamus, hippocampus and cor-
tex) and in peripheral tissues (pancreas, spleen, coronary
artery and ileum).7,3,5 Although biological functions of
these receptors are poorly understood, recent reports
suggest that 5-HT7 receptors are involved in the patho-
physiology of several disorders, such as depression,10

control of circadian rhythm,2 migraine,11 epilepsy12,13

and relaxation of vascular smooth muscles.14 To date,
only a few selective antagonists 1–415–18 (Fig. 1) and
agonists 5–718–20 (Fig. 2) have been reported.

The first step of this study was to search for a 2D simi-
larity in a chemolibrary to discover new 5-HT7 ligands.
Compound 8 (1-NP, Fig. 3) has been chosen as the
query molecule for its relatively simple and rigid struc-
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ture. It is able to bind to 5-HT7 receptors (Ki = 83 nM),7

as well as to other serotonin receptors. It is also claimed
to be used for the treatment of urinary incontinence
and urinary retention through its action on 5-HT7

receptors.21

The virtual screening was performed on our chemoli-
brary (6663 compounds) by using the MOE program.22

The basis for comparison during the screen was a 2D
pharmacophore defined from a molecular graph and
included in a fingerprint. The program used the acid
group, basic group, hydrogen bond acceptor, hydrogen
bond donor and hydrophobic group as atom types in
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Figure 2. 5-HT7 receptor agonists.

Figure 3. Query molecule 8 for the similarity searching, results of the

virtual screening 9a–c and other phenylpyrroles present in the

chemolibrary (9d–f and 10a–c).

Scheme 1. Reagents and conditions: (i) 2,5-dimethoxyTHF, acetic

acid, reflux; 2 h, 80%; (ii) 1.2 equiv POCl3, 1.2 equiv DMF, DMF, 0–

80 �C; 1 h, 65%; (iii) 1.2 equiv HNR2R3, 2.8 equiv NaBH3CN, MeOH,

reflux, 34–90%; (iv) fumaric acid, isopropanol, reflux 30 min, 46–83%.
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the typed graph distance (TGD) method. The Tanimoto
similarity coefficient23 was employed to quantify the
degree of structural resemblance between pairs of
molecules.

This similarity searching led to 132 structures (Tanimoto
similarity coefficient >0.75). Three compounds dis-
played a similarity value greater than 0.90, correspond-
ing to the 9a–c derivatives (Fig. 3, Tanimoto similarity
coefficient = 0.94); the pharmacological results showed
a correct affinity for 9c (at 10�6 M: 72% inhibition of
the binding of [3H]LSD on human 5-HT7R expressed
in sf9 cells). Six stored compounds (9d–f, 10a–c) of the
same phenylpyrrole family were then selected and tested
(Fig. 3, Table 1). Compound 10a (Fig. 3) emerged from
the analysis of the pharmacological results, with 91%
inhibition at 10�6 M. From 10a, structural modifica-
tions were performed to improve the 5-HT7 affinity of
this new series.

The synthetic procedures to the target compounds are
illustrated in Scheme 1. Compounds 12a–k were
Table 1. Human 5-HT7 receptor affinities of compounds 9a–f and

10a–ca

Compound % Inhibition

10�6 M 10�8 M

9a 31 0

9b 58 0

9c 72 0

9d 36 3

9e 31 6

9f 14 0

10a 91 0

10b 71 14

10c 66 0

a Receptors and radioligand used in binding assays: human cloned

receptors in sf9 cells, [3H]LSD, according to Refs. 4 and 5.
prepared by a Clauson-Kaas24 reaction with 2,5-di-
methoxytetrahydrofuran in refluxing acetic acid from
commercially available anilines 11a–k. The reaction of
compounds 12a–k with the Vilsmeier reagent25 gave a
mixture of 2-formyl-1-arylpyrroles 13a–k and 3-for-
myl-1-arylpyrroles 14a–k. These isomers were separated
by column chromatography and their subsequent reduc-
tive amination using arylpiperazines and sodium cyano-
borohydride led to the target compounds 15a–k and
16a–k.26,27

The results of binding assays on 5-HT7
4,5 are given in

Tables 2 and 3. Most three-substituted arylpyrroles
showed a higher 5-HT7 affinity than the two-substituted
compounds.

2-Methoxyphenylpiperazines led to an increased affinity
for the 5-HT7 receptors, as described for other 5-HT7

ligands.28–30 Replacement of the 2-methoxyphenyl
group by the benzisoxazolyl group was detrimental to
5-HT7 affinity (compounds 15j,k and 16j,k), whereas
Perrone found that this particular replacement resulted
in an opposite effect with his series of 1-[x-(4-aryl-1-pi-
perazinyl)alkyl]-1-aryl ketones.20

Substitution of arylpiperazines by alkylpiperazines re-
sulted in complete loss of 5-HT7 affinity (methyl deriva-
tives 15c and 15f), showing the significance of the
presence of an aryl group for 5-HT7 affinity.29,30

The steric hindrance seems to have a marginal role in
5-HT7 affinity (compounds 15g–i and 16h,i).

The best compounds 16a and 16d (Ki = 21 and 19 nM,
respectively, on rat 5-HT7 receptors) were chosen to



Table 4. Human 5-HT7 receptor affinities of compounds 16a, 16d and

20a

Compound 16a 16d 20

Ki (nM) 4.7 5.4 18

a Receptors and radioligand used in binding assays: human cloned

receptors in sf9 cells, [3H]LSD, according to Refs. 4 and 5.

Scheme 2. Reagents and conditions: (i) 2 equiv COCl2 in toluene,

NaHCO3 satd, 0 �C to rt, 15 min, 86%; (ii) MeOH, DMAP, 60 �C, 3 h,
N2, 92%.

Table 2. Rat 5-HT7 receptor affinities of compounds 15a–ja

Compound R1 R2R3 % Inhibition

10�6 M 10�8 M

15a 2-CH3 63 0

15b 2,3-CH3 68 2

15c 2,3-CH3 33 0

15d 2-CN 24 0

15e 2-OCH3 80 16

15f 2-OCH3 12 0

15g 2-Phenyl 26 0

15h 60 17

15i 2-CF3 38 7

15j 2-CH3 47 0

15k 2-CN 43 1

a Receptors and radioligand used in binding assays: rat cloned recep-

tors in HEK-293 cells, [3H]LSD, according to Refs. 4 and 5.

Table 3. Rat 5-HT7 receptor affinities of compounds 16a–ka

Compound R1 R2R3 % Inhibition Ki

(nM)

10�6 M 10�8 M

16a 2-CH3 95 22 21

16b 2,3-CH3 91 0 NDb

16c 2,4,6-CH3 32 0 ND

16d 2-CN 96 14 19

16e 2-OCH3 6 0 ND

16h 86 6 ND

16i 2-CF3 91 21 105

16j 2-CH3 42 9 ND

16k 2-CN 34 7 ND

aReceptors and radioligand used in binding assays: rat cloned recep-

tors in HEK-293 cells, [3H]LSD, according to Refs. 4 and 5.
b Not determined.
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evaluate their affinity on human 5-HT7 receptors
(Table 4). They both showed a nanomolar affinity, in
the same range of literature compounds.

In the case of 16d, as previously described for the apor-
phine ligand 3,31 it was hypothesized that the nitrogen
atom of the nitrile substituent could serve as a hydrogen
bond acceptor. The importance of one hydrogen bond
acceptor has been shown by our group in a recent
study.32 This characteristic arises from the 5-HT7 phar-
macophore that was generated by searching for the com-
mon chemical features of selective antagonists from the
literature (including 1, 2 and 3).

Therefore, a methylester group was introduced as a
hydrogen bond acceptor from our best compound 16a.
Compound 20 was prepared from 17 by conversion to
its methylester 19 via the isatoic anhydride 18
(Scheme 2).33,34 The remaining steps are outlined in
Scheme 1.

Compound 20 showed high affinity for 5-HT7 receptors,
indicating that the presence of one hydrogen bond
acceptor favours an interaction with the 5-HT7

receptors.
Selected compounds were additionally evaluated for
their ability to bind the 5-HT1A and 5-HT6 receptors;
results are summarized in Table 5.



Table 5. Binding affinities of compounds 16a, 16d and 20 to rat

5-HT1A and human 5-HT6 receptors
a

Compound 5-HT1A Ki (nM) 5-HT6 % inhibition

10�6 M 10�8 M

16a 9.9 9 7

16d 33.7 12 10

20 18.5 20 9

a Binding experiments on 5-HT1A receptors were realized according to

Hall et al.35 procedure. Binding experiments on 5-HT6 receptors were

realized according to Monsma et al.36 procedure.
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Compounds 16a, 16d and 20 were found to be very
selective towards 5-HT7 receptors versus the 5-HT6

receptors but exhibited a relatively good affinity for
5-HT1A receptors. Compounds 16a, and especially 16d,
showed, however, a moderate selectivity towards the
5-HT7 receptors versus 5-HT1A (affinity ratios of
2.1–6.2), whereas 20 was found to be nonselective.

Selected high affinity compounds were then evaluated for
their pharmacological profile by using a specific test of
aldosterone secretion from perifused rat adrenal cortex
stimulated by serotonin through 5-HT7 receptors.37,38

Compounds 16d and 20 behaved as 5-HT7 antagonists
with calculated pKb values of 7.43 and 7.66, respectively.
In contrast, compound 16a was found to be a partial
agonist (15% of the maximal effect of serotonin), with
an EC50 of about 10

�8 M with no antagonistic profile.

This difference in pharmacological profiles underlines
the importance of the presence of a hydrogen bond
acceptor not really to improve the affinity but essentially
to modify the pharmacological profile.

The virtual screening of a chemolibrary allowed us to
find new hits of 5-HT7 receptor ligands. The design of
the selected compounds has rapidly led to new ligands
with nanomolar affinity on human 5-HT7 receptors.
Our results confirm that the introduction of a hydrogen
bond acceptor leads to potent compounds with an
antagonist profile as predicted by a molecular modeling
study. The chemical modulations of these structures will
be pursued to establish structure–activity relationships,
to design more potent and more selective compounds
and to improve the agonist character of our compounds.
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