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Abstract—A series of 4-amino-5-chloro-2-methoxybenzoates and benzamides containing the 5- and 6-isoquinuclidinyl system was
synthesised and evaluated for binding to 5-HT3, 5-HT4 and D2 receptors. In general, the isoquinuclidine derivatives at the 5-posi-
tion have shown to be more potent as 5-HT3 ligands but they also possess 5-HT4 and D2 properties. However, the results show that
the derivatives at the 6-position afforded the most promising compounds in terms of both receptor affinity and selectivity. # 2002
Elsevier Science Ltd. All rights reserved.

A number of potent 5-HT3 antagonists have been
reported and shown to be effective in the control of
cancer chemotherapy-induced emesis.1 It was clear from
the earliest discovery that there were probably three
pharmacophore elements required for high affinity: an
aromatic ring at an appropriate distance from a car-
bonyl or bioisoster connected to a basic centre. It can be
assumed that the basic centre binds in its protonated
form. Different QSAR and modelling studies have been
made to delineate this pharmacophore and to determine
angles and distances.2

There are many variations referring to the aromatic
component, the linkers and the basic side chain. Our
own interest came from the observation that metoclo-
pramide (Fig. 1) had three major identified pharmaco-
logical activities: dopamine antagonism, 5-HT3 receptor
antagonism, and gastric motility stimulant properties
(5-HT4 agonism).

1 We decided to synthesise a series of
amides to investigate the effect that the replacement of
the diethylaminoethyl chain by a 2-azabicyclo[2.2.2]-
octane (isoquinuclidine) system could exert in their
pharmacological properties.

Furthermore, the isoquinuclidine system has not been
much used as basic side chain in such a class of ligands.

To our knowledge, only five compounds with this sys-
tem have been reported as 5-HT3 antagonists and no
systematical synthesis is described.3 We also synthesised
the equivalent esters 5, 6 and 11, 12 due to the fact that
it can be possible to convert the agonist/partial agonist
5-HT4 properties of the benzamides into antagonists
when the amidic function is replaced by an ester func-
tion. The first published indication that this can be done
came from the finding that the ester equivalent of
metoclopramide, SDZ 205-557, had antagonist activity
in a number of pharmacological models.1

In this paper, we compare the esters and the amides in
terms of both receptor affinity and selectivity for the D2,
5-HT3 and 5-HT4 receptors.
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Figure 1. Metoclopramide, SDZ 205-557 and the general structure for
compounds 5, 6, 11, 12 and 17–20.
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Chemistry

The key intermediates in the synthesis of esters 5, 6 and
11, 12 were, of course, the corresponding alcohols 3, 4, 9
and 10. Two basic approaches were utilised and are
shown in Scheme 1. The synthesis of alcohols 3 and 4
was accomplished by reduction with lithium aluminium
hydride of 2-carbethoxy-2-azabicyclo[2.2.2]oct-6-one (2)
which was prepared by the method of Krow et al.4 This
method involves the addition of phenylselenenyl chlo-
ride to 2-carbethoxy-2-azabicyclo[2.2.2]oct-5-ene (1)
followed by dehydrohalogenation and hydrolysis of the
derived vinyl selenide to give regioselectively the above
mentioned compound. Reduction of this compound
gave two different alcohols 3 and 4 in a ratio of 40/60
based on NMR data. The alcohols 9 and 10 were
obtained by the procedure described by Krow,5 using
again the 2-carbethoxy-2-azabicyclo[2.2.2]oct-5-ene (1)
but in this case an oxymercuration-demercuration pro-
cedure was applied. The addition of mercuric acetate to
the alkene, followed by the reduction of the mercuric
intermediate with NaBH4, gave an epimeric mixture of 5-
syn- and 5-anti-2-ethoxycarbonyl-2-azabicyclo[2.2.2]-
octanols (7, 8) in a ratio of 50/50 based on NMR data.
Finally, the alcohols 9 and 10 can be obtained by
reduction of this epimeric mixture with LiAlH4.

The tritylated benzoate derivatives were synthesised in a
straightforward manner by esterifying the corre-
sponding mixture of alcohols in the presence of DBU
with 5-chloro-4-(tritylamino)-2-methoxybenzoic acid
imidazolide previously synthesised.6,7 The resulting
residue was chromatographed on silica gel with the
appropriate solvent system to separate each of the epi-
mers of the corresponding esters. This procedure gave
slightly better yields than the one used by Fernandez et

al.8 where nBuLi as base was used instead of DBU.
Treatment of those esters with HCl produced the trityl
group cleavage and the compounds could be obtained
as hydrochloride salts. To synthesise the free base,
treatment with a Na2CO3 solution was necessary.

Once alcohols have been synthesised the easiest proce-
dure to obtain the amines is by reduction of the azides
which can be obtained from the alcohols through mesi-
lates. In the case of compounds 15 and 16, alcohols 7
and 8 were used as starting materials since the reduction
of the azide and the carbethoxy group can be accom-
plished at the same time, this approach would avoid one
reaction step (Scheme 2).

Finally, by reaction of the corresponding amines with
the 4-amino-5-chloro-2-methoxybenzoic acid using
ethyl chloroformate in presence of triethylamine, the
amides 17–20 were obtained.9 The epimeric mixtures
were separated by column chromatography on silica-
gel.

Pharmacology

Even though all the compounds are racemic a pre-
liminary pharmacological evaluation was carried out on
compounds 5, 6, 11, 12 and 17–20 using granisetron,
lerisetron and tropisetron as reference compounds
(Table 1).10 Compounds 6, 11, 12 and 20 were found to
show high affinity for the 5-HT3 receptor. The esters
derivatives 11 and 12 in spite of being the most potent
5-HT3 ligands are not selective because they showed
also 5-HT4 properties.

The amides 19 and 20 are dopaminergic ligands, as it
had been published by Blaney et al.,11 showing the latter
compound 5-HT3 properties.

Finally, compound 6 can be identified as a moderately
potent and selective 5-HT3 receptor ligand.

Scheme 1. (a) ClSePh, CH2Cl2, �78 �C and then 15 h at rt; (b) DBU,
140 �C for 15 h; (c) HCl (20%), dioxan, 65 �C for 48 h; (d) LiAlH4,
THF, reflux for 24 h; (e) 5-chloro-2-methoxy-4-(tritylamino)benzoic
acid imidazolide, DBU, THF, reflux for 24 h; (f) HCl, CHCl3, rt, 12 h;
(g) Hg(Aco)2, THF–H2O (1:1), rt for 24 h, then 3M NaOH, NaBH4
(in 3M NaOH).

Scheme 2. (a) Et3N, CH2Cl2, 0
�C, then ClSO2CH3, rt for 1.5 h; (b)

NaN3, N-methyl-2-pirrolidone, 150
�C for 1 h; (c) LiAlH4, THF, reflux

for 5 h; (d) 4-amino-5-chloro-2-methoxybenzoic acid, ethyl chloro-
formate, Et3N, CH2Cl2, rt for 12 h.
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As far as 5-HT3 affinity is concerned, the following
conclusions can be drawn:

a. Compounds containing the ester linkage (5, 6, 11
and 12) are more potent than those containing the
amide one (17–20).

b. Anti steroisomers (amides and esters) were found
to be more potent than syn steroisomers.

In summary, the interesting biological profile of com-
pound 6, suggests that it would be promising to study
further the individual enantiomers of these systems and
also to determine the agonistic or antagonistic properties.
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