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Novel sulfonamides having dual dopamine D2 and D3
receptor affinity show in vivo antipsychotic efficacy with

beneficial cognitive and EPS profile
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Abstract—A novel series of arylsulfonamides was prepared either by automated parallel or by traditional solution-phase synthesis.
Several members of this compound library were identified as high-affinity dopamine D3 and D2 receptor ligands. The most inter-
esting representative, compound 2, showed potent antipsychotic behaviour coupled with a beneficial cognitive and EPS profile.
� 2007 Elsevier Ltd. All rights reserved.
An increasing body of clinical evidence supports the no-
tion that multiple ligands may be more efficacious than
strictly selective agents, particularly in the treatment of
CNS disorders.1 We decided to utilize this approach in
our antipsychotic research. Our quest was based on three
interrelated hypotheses: (1) that dopamine D2 antago-
nism is required for antipsychotic activity; (2) that dopa-
mine D3 antagonism may carry favourable effects such as
cognitive enhancement and lack of catalepsy; and (3) in
order to achieve a simultaneous in vivo manifestation of
D2 and D3 antagonism compounds should have a higher
affinity to D3 than to D2 receptors.
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Surveying the literature for drug-like and potent dopa-
mine D3 receptor ligands we identified SB-2770112 as
a promising starting point and an analogue (1) prepared
by us was subsequently chosen as a lead compound
(affinities to rat dopamine D3 and D2 receptors as well
as the rat bioavailability were measured in our laborato-
ries).3–5
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rD3-Ki: 1.68 nM; rD2-Ki: 1166 nM; r%F: 80 
After having prepared a few dozen analogues by tra-
ditional solution-phase synthesis (as depicted in
Scheme 1) 32 representatives were evaluated in a
3D-QSAR study using CoMFA based on their affini-
ties to D3 receptors (see Supporting Information).
The underlying principle for the selection was that
the affinity values should cover as wide a range as
possible. All computations were performed using Syb-
yl 6.8 molecular modeling software (Tripos Inc.).6 The
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Scheme 1. Reagents: (i) cyclic amine/NaBH(OAc)3/CH2Cl2; (ii) 1—HCl/EtOAc; 2—QSO2Cl/TEA/CH2Cl2.
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molecules were superimposed based on a pharmaco-
phore model built with the help of DISCO technique
(see Fig. 1). The predictivity of the model (shown in
Fig. 2) gave us the confidence to use this model for
predicting the D3 affinity for a 1288 membered virtual
library with the general formula A. This library was
created based on 28 aryl- and heteroarylsulfonylchlo-
Figure 1. Superposition of the structures of the training set.
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Figure 2. CoMFA of a series of sulfonamides. Predicted vs experi-

mental D3 affinity (�logIC50 ) of training and test set molecules.
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Scheme 2. Reagents: (i) trans-4-aminocyclohexylethanol/NaBH(OAc)3/CH2C

cyclic amine/KI/DMF; (v) TFA/CH2Cl2.
rides and 46 cyclic secondary amines like 4-aryl- and
4-benzylpiperazines, 4-aryl-, 4-benzyl-, 4-aryloxy- and
4-arylaminopiperidines.
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After CoMFA focussing and reactivity filtering a
288 membered focussed compound library was pre-
pared by automated solid-phase parallel synthesis
(Scheme 2).7

Of these compounds, 107 showed displacement higher
than 70% at the 5 nM screening concentration on rat
dopamine D3 receptor binding. From these derivatives
45 had Ki values between 1 and 5 nM while 41 had Ki

values lower than 1 nM. All compounds having high
affinity to D3 receptors (Ki < 10 nM) were subse-
quently tested in dopamine D2 binding experiments.
A selection of compounds having high affinity to D3
and somewhat lower affinity to D2 receptors is shown
in Table 1. The presented data indicate that a rela-
tively high variety of substituents is tolerated at both
termini of the molecules.

Several key compounds were selected for PK studies
and those with higher than 20% oral bioavailability
in rats were tested for in vivo antipsychotic activity
(inhibition of the apomorphine-induced climbing
behaviour in mice8 and conditioned avoidance re-
sponse in rats9). From these studies compound 210
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l2/AcOH; (ii) PPh3/Br2/imidazole/CH2Cl2; (iii) QSO2Cl/TEA/THF; (iv)



Table 1. Representatives of the 288 membered compound library
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Code Q1 Q2 D3-IC50 (nM) D2-IC50 (nM)

2a

F N

N

H

Cl

Cl
2.0 9

2b

Cl N

CF3

3.8 41

2c

Cl N

N

H

CF3 3.0 16

2d

Br

N N

CN

CF3

3.3 26

2e

MeO

N N

MeO

Br
0.5 28

2f

MeO

MeO

N N

CN

0.7 57

2g

NC
N N

CN

CF3

5.8 23

2h

AcNH

N N

CN

CF3

0.9 39

2i
N

N
N

CF3

0.5 4.3

2j
NO

H

N N

CN

CF3

0.7 30

2k

O

N

H

O

N

O CF3

1.0 5.3

2l

N N

O CF3

2.8 66

2m

N

N N

CF3

0.3 29
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Table 1 (continued)

Code Q1 Q2 D3-IC50 (nM) D2-IC50 (nM)

2n

N

N N

ClCl

0.2 4

2o

NMe

N N

CN

CF3

4.2 39

2p
S N

CF3

2.6 91
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was identified as the most promising candidate. This
compound was tested against 55 diverse molecular
targets in vitro (including adrenergic, glutamatergic,
serotonergic, histaminergic and cholinergic receptors)
and found to have a clean profile: it displayed high
affinity to D3 and moderate affinity to D2 dopamine
receptors only. In functional experiments (e.g.
[35S]GTPcS binding using membrane preparations
from CHO cells expressing either human D3 or
D2 receptors) 2 showed antagonist activity. In vivo
its antipsychotic activity is comparable to those of
known antipsychotics (Table 2). Extended evaluation
indicated that 2 had little propensity to induce cata-
lepsy11 and that it had a beneficial effect on learning
performance as measured in a water-labyrinth exper-
iment (Fig. 3).12
Table 2. Inhibition of CAR by compound 2 compared to the effect of

known antipsychotics

Compound CAR ED50, mg/kg po

Compound 2 11.6

Olanzapine 3.9

Aripiprazole 17.9
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ANOVA, followed by post-hoc Duncan-test 

Figure 3. Cognition enhancing effect of compound 2 at 5 mg/kg po

dose against diazepam in the water-labyrinth test.
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rD3-Ki: 0.4 nM; rD2-Ki: 24 nM; 

r%F: 55; brain tmax: 1 hour, Cmax: 921 ng/ml 
apomorphine ind. climbing ED50: 22 mg/kg (p.o.); 

inhib. of CAR ED50: 11.6 mg/kg (p.o.) 
catalepsy in rats: MED: > 200 mg/kg (p.o.) 

In summary, we have identified a new class of potent

dopamine D3/D2 ligands. The most interesting repre-
sentative of this series, compound 2, had good bioavail-
ability in rats and showed antipsychotic activity in two
in vivo models. We speculate that because of its favour-
able dopamine D3 and D2 affinities it did not cause cat-
alepsy at pharmacologically active doses, and elicited
significant cognition improvement in rats having diaze-
pam-induced memory impairment.
Supplementary data

Supplementary data associated with this article can be
found, in the online version, at doi:10.1016/j.bmcl.
2007.08.015.
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