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1,2,4-Benzothiadiazine derivatives as a1 and 5-HT1A
receptor ligands

Annalisa Tait,a,* Amedeo Luppi,a Silvia Franchini,a Elisa Preziosi,a

Carlo Parenti,a Michela Buccioni,b Gabriella Marucci,b Amedeo Leonardi,c

Elena Poggesic and Livio Brasilia
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Abstract—A series of new 1,2,4-benzothiadiazine derivatives with an arylpiperazine mojety linked at position 3 of the heterocyclic
ring were synthesized and assessed for their pharmacological profiles at a1-adrenoceptor subtypes (a1A, a1B and a1D) by functional
experiments and by in vitro binding studies at human cloned 5-HT1A receptor. Compound 1 was identified as a novel a1D antagonist
(pKba1D = 7.59; a1D/a1A > 389; a1D/a1B = 135) with high selectivity over 5-HT1A receptor (5-HT1A/a1D < 0.01), while compound 6,
a 3,4-dihydro-derivative, was characterized as a novel 5-HT1A receptor ligand, highly selective over a1D-adrenoceptor subtype (pKi5-
HT1A = 8.04; 5-HT1A/a1D = 1096). Further pharmacological studies demonstrated that 6 is a partial agonist at 5-HT1A receptor
(Emax = 23, pD2 = 6.92).
� 2004 Elsevier Ltd. All rights reserved.
The existence of multiple adrenergic receptors is now
firmly established and this has given new impulse to
medicinal chemists for the search of new and more selec-
tive ligands.1 The a1A subtype has received much atten-
tion as a potential target for symptomatic treatment of
benign prostatic hyperplasia (BPH) and several urose-
lective agents have been disclosed.2 On the contrary a
potential therapeutic use for a1B and a1D subtype selec-
tive ligands has not been found yet.

Receptor for serotonin (5-HT) represent also an hetero-
geneous population and seven distinct classes (5-HT1 to
5-HT7) have been identified according to structural
diversity and preferred effector mechanism.3 During
the last decade, the 5-HT1A subtype has been the most
studied as a major target for neurological research and
drug development.4,5

The a1 and 5-HT1A receptors belong to the class of G-
protein coupled receptors, characterized by an heptahe-
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lical transmembrane structure which shows some com-
mon features in their binding sites.6

As a consequence, a large number of compounds show
high affinity for both receptors and consequently poor
selectivity.

A widely accepted model of adrenergic and serotoniner-
gic ligands provides the presence of an arylpiperazine
moiety, a linker and a heterocycle system.

Het (CH2)n N N
R

The arylpiperazine represents the pharmacophore moi-
ety, while the selectivity 5-HT1A/a1-adrenergic receptors
is modulate by the type and the position of the substitu-
ent on the aromatic ring of the arylpiperazine moiety, by
the length of the spacer and by the nature of the hetero-
cycle system.7

On the bases of this model our research group has
undertaken a research project aimed at developing new
and selective ligands in order to get new insight into
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Scheme 1. Reagents and conditions: (i) bromoacethylbromide, THF

anhydrous, room temperature; (ii) 1,4-dioxane, H2SO4 (few drops),

reflux; (iii) 2-methoxyphenylpiperazine, acetonitrile, reflux.
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Scheme 2. Reagents and conditions: (i) 2-bromomethyl-1,3-dioxolane,

1,4-dioxane, H2SO4 (few drops), reflux; (ii) 2-methoxyphenylpiper-

azine, acetonitrile, reflux.
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the structural features that address selectivity toward
one receptor or the other. In this work we present the
synthesis and the pharmacological profile of a new series
of 1,2,4-benzothiadiazine-arylpiperazine and the effect
of some structural modifications on the affinity and
selectivity for a1-adrenergic and 5-HT1A serotoninergic
receptor subtypes.

The 2H-1,2,4-benzothiadiazine 1,1-dioxide derivatives
1–6 were synthesized, as outlined in Schemes 1 and 2,
by nucleophilic substitution with 2-methoxyphenylpip-
erazine from the opportune 2H-3-bromomethyl-1,2,4-
benzothiadiazines.

A detailed synthetic procedure and final characteriza-
tion by 1H NMR, infrared spectroscopy and C,H,N
analysis are presented for 3-[4-(2-methoxy)phenylpi-
perazin-1-yl]methyl-2H-1,2,4-benzothiadiazine 1,1-diox-
Table 1. Antagonist potency, expressed as pKb ± SEM values,a and selectivit

deferens (a1A), spleen (a1B) and thoracic aorta (a1D)

Compd R pKba1A pKba1B pKba1D

1 H <5.0 5.46 ± 0.06 7.59 ± 0.15

2 CH3 <5.0 6.05 ± 0.11 5.50 ± 0.07

3 Cl 5.28 ± 0.23 6.17 ± 0.16 7.75 ± 0.22

4 H 5.81 ± 0.09 5.97 ± 0.12 5.34 ± 0.34

5 CH3 6.00 ± 0.10 6.24 ± 0.15 5.98 ± 0.17

6 Cl 5.05 ± 0.06 5.09 ± 0.03 5.00 ± 0.18

BMY-7378c (7.01 ± 0.08) (7.48 ± 0.09) (8.40 ± 0.09)

Binding data, expressed as pKi values, of the same compounds at human clo
a pKb values were calculated according to van Rossum17 at one or two conc
b Antilog of the difference between the pKb values for a1A, a1B and a1D adre
c The antagonist potency of standard compound BMY-7378 is expressed as
ide (1) and for the corresponding 3,4-dihydro-derivative
(4).8

The compounds were converted into the corresponding
di-hydrochloride salts for pharmacological tests.

The intermediates 2H- and 3,4-dihydro-2H-3-bromom-
ethyl-1,2,4-benzothiadiazines were prepared from the
corresponding 2-aminobenzenesolfonamides by conden-
sation with bromoacetyl bromide and 2-bromomethyl-
1,3-dioxolane, respectively.

Receptor subtype selectivity of compounds 1–6 was
determined at a1-adrenoceptors on different isolated tis-
sues using BMY-7378 as standard compound. Blocking
activity was assessed by antagonism of (�)-noradrena-
line-induced contraction of rat prostatic vas deferens
(a1A)

9 [pD2 = 5.89 ± 0.01 (n = 30)] or thoracic aorta
(a1D)10 [pD2 = 7.85 ± 0.01 (n = 30)] and by antagonism
of (�)-phenylephrine-induced contraction of rat spleen
(a1B)11 [pD2 = 4.95 ± 0.01 (n = 30)]. The same com-
pounds were also assessed for in vitro binding affinity
at 5-HT1A subtype receptor in cell membranes of HeLa
cells transfected with human cloned 5-HT1A receptor.12

All compounds behave as competitive a1-adrenoceptor
antagonists, as they cause a parallel shift of agonist
dose–response curves, and 5-HT1A-ligands with varying
degrees of potency and selectivity (Table 1). The excep-
tions are compounds 1 and 2 at a1A-adrenoceptor for
which any effect was seen at the maximum concentration
tested (10�5 M). The best profile of activity at adrenergic
system resides in compound 1, which exhibits high a1D

affinity (pKb = 7.59) and relevant a1D selectivity (a1D/
a1A > 389; a1D/a1B = 135). Moreover it shows weak
affinity at 5-HT1A receptor (pKi < 6.0) and selectivity
at a1D-subtype of up to more than 30 folds (5-HT1A/
a1D < 0.03). The introduction of chlorine atom in posi-
tion 6 of benzothiadiazine ring (3) do not significantly
change the affinity at a1-adrenoceptor subtypes, while
a more than 10-fold increase is observed at 5-HT1A

receptor (pKi 5-HT1A = 7.33) and, as a consequence,
the selectivity 5-HT1A/a1 is strongly reduced. The intro-
duction of a methyl group in position 6 of benzothiadi-
azine ring (2) is detrimental for a1D-subtype affinity
(pKb = 5.50), with consequent loss of selectivity among
a1-adrenoceptors (a1D/a1A > 3; a1D/a1B = 0.28; a1B/
iesb of compounds 1–6 at a1-adrenoceptors in isolated rat prostatic vas

a1D/a1A a1D/a1B a1B/a1A pKi5-HT1A 5-HT1A/a1D

>389 135 >3 <6.0 <0.03

>3 0.28 >11 6.97 29.5

295 38 8 7.33 0.38

0.35 0.23 1.5 7.78 275

0.95 0.55 2 <7 <10

1 1 1 8.04 1096

25 8 0.3 8.90 3.16

ned 5-HT1A receptor and selectivity ratio 5-HT1A/a1D.
entrations.

nergic receptor subtypes.

pA2 values.
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a1A > 11) and also respect to serotoninergic system (5-
HT1A/a1D = 29.5). The 3,4-dihydro derivatives (4–6) ex-
hibit a weak affinity at a1-adrenoceptor with a signifi-
cant decrease of pKb values at a1D subtype, but they
show an interesting affinity and selectivity at 5-HT1A

receptor. This finding could be explained considering
the minor steric restriction of 5-HT1A respects to a1

receptor;13,14 this might favour the interaction of more
distorted structure of 3,4-dihydroderivatives (4–6) re-
spects to unsaturated ones (1–3). Respect to its analogue
1, the unsubstituted 3,4-dihydro-compound 4 presents
lower affinity at a1D-subtype (pKb = 5.34) and higher
affinity at 5-HT1A receptor (pKi = 7.78) with a selectivity
ratio 5-HT1A/a1D of 275 folds.

Introduction of methyl group in position 6 of benzothi-
adiazine ring (5) causes a decrease of affinity and selec-
tivity values at 5-HT1A (pKi5-HT1A < 7.0; 5-HT1A/
a1D < 10), without an improved profile at a1-adrenocep-
tors, while introduction of chlorine atom in the same po-
sition (6) contributes positively to the binding and
selectivity at 5-HT1A receptor (pKi5-HT1A = 8.04; 5-
HT1A/a1D = 1096).

Functional characterization of compound 6 at 5-HT1A

receptor was performed according to method of Stanton
and Beer15 with minor modifications, using [35S]GTPcS
binding, in cell membranes from HeLa cells transfected
with human cloned 5-HT1A receptor. Stimulation of
[35S]GTPcS binding induced by the tested compound
was expressed as percent increase in binding above basal
value, being the maximal stimulation observed with
serotonin taken as 100%. The concentration–response
curve of the agonistic activity was analyzed by nonlinear
curve fitting of the logistic equation according to the
method reported by De Lean et al.16 using the ALLFIT
program (from National Institutes of Health, Bethesda,
MD) (Table 2).

The maximal stimulation of [35S]GTPcS binding (Emax)
achieved for 6 was 23 and the concentration required to
obtain 50% of Emax (pD2) was 6.92. The results obtained
in the [35S]GTPcS binding studies suggest that com-
pound 6, with a potency lower than that of the reference
compound BMY 7378, reflecting therefore the moderate
affinity values found on binding studies, can be consid-
ered a partial agonist at 5-HT1A receptor.

In conclusion, we have discovered a new class of a1-
adrenoceptor and 5-HT1A ligands bearing a benzothi-
adiazine-arylpiperazine structure. Adequate structural
modifications address the selectivity toward the receptor
subtype a1D or 5-HT1A. In particular compound 1 is
Table 2. Potency (pD2) and relative effectiveness (Emax)
a values in the

agonist-induced [35S]GTPc S-binding assay at human 5-HT1A receptor

Compd pD2 Emax

6 6.92 23

BMY-7378 9.27 26

aMaximal stimulation expressed as a percentage of the maximal 5-HT

response.
outstanding for its affinity and selectivity at a1D being
one of the most selective antagonist for this subtype,
at least in functional studies. Conversely compound 6
is outstanding for its affinity and selectivity for 5-
HT1A receptor. More extensive structure–activity rela-
tionship studies are in progress and will be reported in
due course.
Acknowledgments

This work was supported by grants from the University
of Modena and Reggio Emilia, the University of Cam-
erino and MIUR.
References and notes

1. Ruffolo, R. R.; Bondinell, W.; Hieble, J. P. J. Med. Chem.
1995, 38, 3681.

2. Testa, R.; Taddei, C.; Poggesi, E.; Destefani, C.; Cotec-
chia, S.; Hieble, J. P.; Sulpizio, A. C.; Naselsky, D.;
Bergsma, D.; Ellis, S.; Swift, A.; Ganguly, S.; Ruffolo, R.
R.; Leonardi, A. Pharmacol. Commun. 1995, 6, 79.

3. Hoyer, D.; Clarke, D. E.; Fozard, J. R.; Hartig, P. R.;
Martin, G. R.; Mylecharane, E. J.; Saxena, P. R.;
Humpherey, P. P. A. Pharmacol. Rev. 1994, 46, 157.

4. Parks, C. L.; Robinson, P. S.; Sibille, E.; Shenk, T.; Toth,
M. Proc. Natl. Acad. Sci. U.S.A. 1998, 95, 10734.

5. Semkova, I.; Wolz, P.; Krieglstein, J. Eur. J. Pharmacol.
1998, 359, 251.

6. Trumpp-Kallmeyer, S.; Hoflack, J.; Bruinvels, A.; Hibert,
M. J. Med. Chem. 1992, 35, 3448.
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