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Abstract—The design and synthesis of a new type of 5-HTj; ligand with subnanomolar affinity are described. The O-dialkyl-
aminoethyloximinothienopyrrolizine structure was deduced from molecular modeling studies by replacement of an amidine moiety
by an oximino one. © 2001 Elsevier Science Ltd. All rights reserved.

Introduction

Since the identification of 5-hydroxytryptamine (5-HT)
in 1948 by Rapport and Page,! the description of 5-HT
receptors has made great strides forward to the devel-
opment of molecular biological techniques. The last
review by Barnes and Sharp? describes seven families of
mammalian 5-HT receptors, 5-HT;_;, comprising a
total of 14 structurally and pharmacologically distinct
5-HT receptor subtypes.

Among all these receptors, the 5-HT; subtype, located
in peripheral and in central nervous systems,® has a
slightly different place because it is the only one ligand-
gated ion channel.? Actually, only one gene that
encodes a 5-HTj receptor subunit (5-HT; receptor
subunit) has been described; an alternative splicing var-
iant (5-HT3as) and species homologues have however
been reported.

The large interest for these receptors began with the
discovery of the pharmacological properties of some of
the 5-HT; antagonists: Ondansetron®, Granisetron®
and Tropisetron®, used as antiemetic agents associated
with anticancer chemotherapy. Additionally, ther-
apeutic applications of serotoninergic drugs in the fields
of anxiety disorders, dementia, Alzheimer’s disease, cogni-
tive dysfunction, depression and psychosis are under study.

*Corresponding author. Fax: +33-2-31-93-11-88; e-mail: rault@
pharmacie.unicaen.fr

We have recently published the synthesis and the biological
properties of a great variety of piperazino-pyrrolothieno-
pyrazines 1a,b,* pyrroloquinoxalines 1e, or pyridopyrro-
lopyrazines 1d> and Campiani et al.® have described le,
as 5-HTj; receptor ligands with nanomolar or sub-
nanomolar affinities and acting as partial agonists or
agonists (Scheme 1).

Since this work, numerous arylpiperazine derivatives built
on the quipazine skeleton were found to possess the same
activity.””® Our results allowed us to define a three-
dimensional pharmacophore for these ligands.!? In order
to enlarge these quantitative structure—activity relation-
ship (QSAR) studies, and after having modified the nature
and the substitution of the aromatic ring A and several
parameters of the amino branching chain C of the scaf-
fold 1, we are now exploring the replacement of the stra-
tegic amidine moiety linking B to C by other chemical
features.

The first results of this important modification of the
parent scaffold are reported herein. QSAR studies indi-
cated the structural features required to obtain potential
5-HTj; ligands derived from quipazine: an aromatic
moiety and a side chain with distal basic nitrogen.” %

The affinity and selectivity are dependent upon the sub-
stituents on the aromatic moiety and on the distal
nitrogen. The originality of our study is the use of these
results to another chemical family: the O-substituted
oximino-pyrrolizines. The molecular superimposition of
2a with 1a also prompted us to use the aminoalkyloximino
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moiety in the place of the piperazinoimine moiety for
the design of new 5-HTj; ligands.!!

For example, as shown in Figure 1, superimposition of
compound 2aa in the £ or Z form with S21178 is very
close. Best fit is obtained for conformation within
10 kcal/mol above computed minimum.

Chemistry

In the light of our previous experience in the synthesis
of thienopyrrolizinones 3a,b,'>~!> and pyrroloindolones
3¢,'%17 we thus prepared these intermediates according
to the pathway depicted in Scheme 2.

Reaction of hydroxylamine hydrochloride with these
tricyclic ketones gave the oximino derivatives 4a,c gen-
erally in a mixture of £ and Z forms which were then O-
substituted using an appropriate aminoalkyl chloride
boiling in DMF or acetone in the presence of a base.

When the aminoalkyl chlorides are not easily available,
an alternative route consists of the preparation of O-
substituted hydroxylamines which were reacted with the
tricyclic ketones 3 to give the oximino derivatives 5 in a
mixture of E and Z forms. These last were then reacted
with amine hydrochlorides to give the desired com-
pounds 2. Experimental details and data for synthesis of
4ae are cited in References and Notes.!8:1°
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Figure 1. Superimposition of 2aa and S21178.

Biological Methods
5-HT; receptor binding

5-HTj3 receptor binding to NG 108-15 cell membranes
was determined following the slight modification of the
procedure of Hoyer and Neijt.2 Membranes (0.5 mg of
protein/mL) were incubated at 25°C for 60 min with
1nM [*H]granisetron in 50mM Tris—HCI buffer, pH
7.4, supplemented with 25mM NaCl. Nonspecific bind-
ing was determined in the same conditions with 10 mM
tropisetron.

Guinea-pig isolated colon

The activity of 2ae (Z isomer) was evaluated for its
agonist and antagonist activity at the 5-HTj3 receptors in
the guinea-pig isolated colon according to the method
described by Butler et al.?! Experimental details are
cited in References and Notes.??

Results and Discussion

The first compound we prepared was 2aa in a mixture of
E and Z forms 50/50. According to our starting
hypothesis, its affinity for the 5-HTj receptor (—log
ICs0=8.16) was comparable with S21007°¢* and
S21178* affinities (—log 1Cso=238.85 and 8.34, respec-
tively). This promising result prompted us to synthesize
other O-substituted oximinopyrrolizine derivatives. All
the compounds were tested in a mixture of £ and Z
forms, the results are summarized in Table 1.

Among the synthesized compounds, the best affinity
was obtained for compound 2ae. First, all the com-
pounds built on the bases of the starting requirements
exhibit high affinity for the 5-HT3 receptor (—log
ICs50>6). A more precise comparison of these results
shows that:

e a dimethyl substitution of the distal amine is better
than a methyl-benzyl one (2ae>2aa), a tertiary
amine is better than a secondary one (2aa>2ab)
and better than a primary one (2ae >2ah);

e the introduction of a methyl group on the position
3 of thiophene ring, which was identical to a sub-
stitution in position 9 on pyrroloquinoxaline,
improved the affinity (2ae >2ag) in contrast to a
phenyl one (2ag >2ai);°

e an aminoethyl O-substitution is better than an
aminopropyl one (2aa >2ac, 2ae >2am);

e thienopyrrolizine derivatives are as good as the
corresponding pyrroloindolizines (2ag = 2ca). Sub-
stitutions on 2¢ which were identical to substitu-
tions in position 7 on pyrroloquinoxaline may be
unfavorable for affinity ©

The brief SARs established with these new compounds
are in agreement with those previously described for
quipazine related series.”~'0

To go further, we have then investigated the differences
of binding affinities between the 2ae (FE) and 2ae (Z2)
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Scheme 2. Synthesis of O-oximino derivatives. Reagents and conditions: (i) NH,OH, HCI, pyridine, reflux; (ii) K,CO3;, DMF, reflux or Na,COs,
acetone, H»O, reflux; (iii) pyridine, AcOH, reflux; (iv) DMF, K,COs, reflux.

isomers. Due to the isosterism of the tricyclic system than the mixture (—log ICs59=9.96), underlying the fact
(thieno versus pyrrolo), the chemical properties of these that the role of the sulfur atom could be non-negligible
two isomers are nearly similar; it was thus almost in the binding result and perhaps explaining why the
impossible to separate these two forms (Fig. 2). thienopyrrolizine series appears better than the indoli-
zine one.

However, after several fractional crystallizations in ace-

tonitrile, we succeeded to isolate a pure 2ae (Z) form. Finally, and similarly to S21007, we determined a high
Surprisingly, this Z isomer exhibited a greater affinity selectivity of 2ae for the 5-HT; receptor towards other

5-HT receptor subtypes as depicted in Table 2.

Table 1. O-Substituted oximinopyrrolizine structures and their 5-
HTj; receptor binding affinities

= =
R N N~/ =
> S =
Ra's Ry N Ry HC (Y N/
S O—(CH,)—N_ 'l-o—(CHz)n—N\ R SN H,C s /CHa
2a R, R 2¢ R, s £ Oy LN CHN
(CHN X
R n R, R, 5-HT;_(LoglCsg) Z form CH, E form
2aa CH, 2 CH, Bz 8.16 2ae
2ab CH3; 2 H Bz* 7.54
2ac CH, 3 CH, Bz 747
2ad H 2 CHj; Bz* 7.63
2ae CH; 2 CH; CH3; 9.10
2af H 2 C,Hs  C,H;s 8.30
2ag H 2 CHj; CHj; 8.46
2ah CH; 2 H H 7.62
2ai 4Me-Ph® 2 H H 6.66
2aj CH; 2 (CHy)4 8.70
2ak CH; 2 (CHy)s 8.40
2al CHj; 2 aMP*¢ 8.70
2am CH3; 3 CH3; CH3; 8.60
2ca H 2 CH; CH3; 8.24
2¢ch Cl 2 CHj; CHj; 7.06
2cc H 2 H H 6.66
2cd H 2 H Bz* 6.54
2ce H 2 aMP¢ 7.85
“Bz: Benzyl. Simple superimposition of Z and E forms
®4Me-Ph: 4-methylphenyl. (VSIS
_R, _U Figure 2. Superimposition of chemical functions of Z and E config-
caMP: NSp T TN urations for 2ae.
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Table 2. Receptor binding profile of 2ae (Z isomer)

Receptor Affinity
5-HT, 5.66%
5-HT A 5.042
5-HT;p 5.57%
5-HTp 6.322
5-HT, 5.50%
5-HTy, 5.67%
5-HT; 9.96*
5-HT,4 6.06*
5-HTq 0%"
5-HT, 0%"°
5-HT uptake 6.92¢
Noradrenergic uptake 6.00%
Dopaminergic uptake 5.28%
(—log ICs0).
PPercentage of displacement at 10~5 M.
Table 3. 5-HTj; agonist activity on guinea-pig colon
Compound Control-response Responses to + MDL 72222
to 5-HT increasing (30uM)
(10 uM) concentrations
of the compounds®
2ae 100 0.0l uM 0.1pM 1 uM 1 uM
0 0 37 0
5-HT 100 IyM  3puM 10pM 10 uM

41 76 90 0

2The results are expressed as a percent of the control response to ser-
otonin (5-HT). Compounds were tested in two preparations at each
concentration.

Table 4. 5-HT; antagonist activity on guinea-pig colon

Compound Control-response Responses to
to 5-HT increasing
(10uM) concentrations
of the compounds®
2 ae 100 0.01 uM 0.1 uM 1 uM
73 64 16
MDL 72222 100 0.3uM 3uM 30uM
86 37 0

2The results are expressed as a percent of the control response to ser-
otonin (5-HT). Compounds were tested in two preparations at each
concentration.

The activity of the compound 2ae (Z isomer) was evaluated
on the guinea-pig isolated colon, alone, at concentrations
of 0.01, 0.1 and 1 uM and compared to 5-HT at 1, 3 and
10uM. 5-HT induced concentration-dependent con-
tractions of the guinea-pig colon (Table 3) which were
inhibited by the 5-HTj; receptor antagonist MDL 72222.
2ae (Z isomer) was quite inactive at concentrations as
high as 0.1 uM but elicited a contraction at 1 uM which
was inhibited by MDL 72222.

Moreover, 2ae (Z isomer) caused a concentration-
dependent inhibition of the 5-HT induced contraction
(Table 4). These results indicate that 2ae (Z isomer)
acted as a partial agonist at the 5-HTj5 receptors.

Conclusion

This work based on molecular modelling studies
allowed us to design new potent 5-HT; ligands possessing
an original structure obtained by the replacement of the
classical piperazinoimine moiety by an aminoalkyloximino
one. This progress and the flexibility offered by the
chemistry could be useful for the other groups engaged
in the search of such ligands.
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