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Medicinal chemistry optimization of an impurity isolated during the scale-up synthesis of a pyridylsulf-
onamide type dopamine D3/D2 compound (1) led to a series of new piperazine derivatives having affinity
to both dopamine D3 and D2 receptors. Several members of this group showed excellent pharmacokinetic
and pharmacodynamic properties as demonstrated by outstanding activities in different antipsychotic
tests. The most promising representative, 2m (cariprazine) had good absorption, excellent brain penetra-
tion and advantageous safety profile. Based on its successful clinical development we are looking forward
to the NDA filing of cariprazine in 2012.

� 2012 Elsevier Ltd. All rights reserved.
The overwhelming majority of the clinically used antipsychotics
seems to exert their activity via interaction with dopamine D2

receptors. Most of the typical and atypical antipsychotics, however,
show affinities toward several other receptor types as well. These
secondary interactions may contribute to the overall efficacy and
safety of these drugs. One of the receptors the modulation of which
could significantly influence the therapeutic value of the drug may
be the dopamine D3 receptor. Our plan aiming the development of
a new antipsychotic was based on two hypotheses, beside the con-
viction that dopamine D2 affinity was indispensable. On one hand
the dopamine D3 antagonism/partial agonism may exert cognitive
enhancement and diminished liability for catalepsy. On the other
hand compounds should show higher affinity to the D3 than the
D2 receptors because of the different expression levels of the two
receptors in the adequate brain areas.

We have recently reported on a 3-pyridylsulfonamide deriva-
tive (1) as a high-affinity dopamine D3/D2 receptor ligand with sig-
nificant antipsychotic efficacy coupled with beneficial cognitive
and extrapyramidal side effect (EPS) profile.1–3
ll rights reserved.
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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 climbing in mice ED50: 22 mg/kg (p.o.); 
catalepsy in rats: MED: > 200 mg/kg (p.o.) 

During the resynthesis of compound 1 (Scheme 1) a persistent
impurity was detected, and subsequently isolated and tested. It
turned out that during the deprotection (in ethyl acetate) of the
precursor (4-{2-[4-(3-cyano-5-trifluoromethyl-phenyl)-pipera-
zine-1-yl]-ethyl}-cyclo-hexyl)-carbamic acid tert-butyl ester and
the subsequent sulfonylation of deprotected amine with pyri-
dine-3-sulfonyl chloride, a small amount of compound 2a was
formed besides the main product 1. Interestingly, 2a showed supe-
rior properties when investigated in our early phase screening
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Scheme 1. Reagents and conditions: (i) cyclic amine/NaBH(OAc)3/CH2Cl2; (ii) (1) HCl/EtOAc, (2) in most cases Q1Cl or Q1OQ1/TEA/CH2Cl2.
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cascade. Although, it had somewhat lower affinity to the dopamine
D3 and D2 receptors 2a was about 10 times more active in vivo than
compound 1 (Table 1). This observation was rather surprising,
since it contradicts to the consensus of the relevant literature indi-
cating that an aromatic or heteroaromatic carboxamide moiety is
an essential structural element of the dopamine D3 receptor phar-
macophore.4,5 Since the formation of 2a was only observed in those
cases when the deprotection was performed with HCl-containing
ethyl acetate it is reasonable to assume that the small amount of
acetic acid, which could always be present in the raw product iso-
lated from the reaction, transformed some pyridine-3-sulfonyl
chloride to pyridine-3-sulfonyl acetate, a reactive acetylating agent
that competed with the unchanged pyridine-3-sulfonyl chloride
for the nucleophile.6

In order to explore the influence of small amide-like functional-
ities at the cyclohexyl side of the molecule a series of analogues was
prepared and tested (Scheme 1).7,8 In the design of these amido-
cyclohexyl-amines (general formula A) we utilized our earlier
structure–activity relationship (SAR) experience as far as the amine
part was concerned.1 This basic moiety was either piperazine
(homopiperazine) or piperidine. Substituents Q2 were selected from
substituted phenyl or benzyl in case of piperazines and substituted
phenyl, benzyl, and phenoxy in case of piperidines. The amide part
of A was decorated with alkylsulfonyl, substituted acyl, alkoxycar-
bonyl, carbamoyl and N-mono- or N,N-disubstituted carbamoyl
groups. A selection of the most active derivatives, their affinities
to rat dopamine D3 and D2 receptors and activities in the apomor-
phine induced climbing test in mice are shown in Table 1.9–11 In
general, these compounds had high affinity to D3 receptors, with
Table 1
Selected compounds (2a–2p): affinities to rat dopamine D2 and D3 receptors and activitie

N
Q1

H
2a-2

Code Q1 X Q2

2a MeCO N 3-CN-5-CF3-Ph
2b MeSO2 N 3-CN-5-CF3-Ph
2c MeCO N 3-CF3-Ph
2d MeSO2 N 3-CF3-Ph
2e MeCO CH 3-CF3-Bn
2f MeCO CH 3-CF3-PhO
2g MeSO2 N 3-CF3-Bn
2h EtOCO N 3-CF3-Bn
2i CF3CO N 2,3-Di-Cl-Ph
2j MeCO N 2,3-Di-Cl-Ph
2k MeSO2 N 2,3-Di-Cl-Ph
2l EtCO N 2,3-Di-Cl-Ph
2m Me2NCO N 2,3-Di-Cl-Ph
2n EtNHCO N 2,3-Di-Cl-Ph
2o Et2NCO N 2,3-Di-Cl-Ph
2p H2NCO N 2,3-Di-Cl-Ph
low nanomolar or subnanomolar IC50 values and somewhat lower
affinities to the D2 receptors. The most active derivatives (in vitro
and in vivo) contained 2,3-dichlorophenyl-piperazine moiety. Tak-
ing into account many other features (like off-target activity, meta-
bolic stability, interactions with CYP enzymes, permeability and
in vivo activity in several behavioral pharmacological models, part
of which has already been published14,15) of the synthesized com-
pounds the most promising member of this group proved to be 2m.
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2m (cariprazine) 

rD3-Ki: 0.71 nM; rD2-Ki: 9.3 nM; 
hD3-Ki: 0.09 nM; hD2L-Ki: 5.7 nM; hD2S-Ki: 0.81 nM 

r%F: 52; brain tmax: 0.5-1 hour, Cmax: 91 ng/ml 
apomorphine climbing in mice ED50: 0.27 mg/kg p.o.); 

catalepsy in rats: MED: > 85 mg/kg (p.o.) 

In order to determine whether the 2,3-dichlorophenyl-pipera-
zine derivative 2m was the most suitable for preclinical develop-
ment ‘chloro-scan’ was performed, and a series of analogues
having no chlorine, one chlorine or two chlorine atoms in different
positions of the phenyl ring was prepared and tested (Table 2).
Besides the affinities to dopamine D2 and D3 receptors the affinities
to a-1 adrenoceptors were measured in order to determine the
s in the apomorphine-induced climbing test in mice

N

X
Q2

p 

rD3-IC50 (nM) rD2-IC50 (nM) Apo-ED50 (mg/kg)

1.9 143 1.54
0.9 135 8.2
1.9 39 0.7
4.8 66 4.34
3.3 64 2.2
5.3 85 1.8

11 158 1.34
5.1 25 5.37
0.41 5.9 4.32
0.29 2.3 0.17
0.48 5.4 0.91
0.26 7.1 0.21
1.6 16 0.27
0.34 16.9 0.38
0.62 42.9 0.71
0.32 29 0.87



Table 2
Close analogues of 2m (3a–3h): affinities to rat dopamine D2, D3 and a-1 receptors.

N

N

N
Q2

H

N

O

CH3

CH3

2m, 3a-3h 

Code Q2 rD3-Ki
a (nM) rD2-Ki

a (nM) D2/D3 Ratio ra-1-Ki
a (nM) a-1/D3 Ratio

2m 2,3-Di-Cl-Ph 0.71 9.3 13.1 214 301
3a Ph 15.9 94.0 5.9 204 12.8
3b 2-Cl-Ph 1.6 19.8 12.3 45.9 28.7
3c 3-Cl-Ph 4.95 53.4 10.8 72.9 14.7
3d 4-Cl-Ph 13.1 392 29.9 106.4 8.1
3e 2,4-Di-Cl-Ph 5.40 106 19.6 156 28.9
3f 2,5-Di-Cl-Ph 0.66 8.20 12.4 34.9 52.8
3g 3,4-Di-Cl-Ph 3.3 110 33.3 29.6 8.9
3h 3,5-Di-Cl-Ph 0.44 20.2 45.9 667 1516

a Shown are the mean Ki values from two to four independent experiments with at least six concentrations in duplicates.
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hypotensive liability of the analogues.12 Comparing affinities mea-
sured on rat dopamine D2, D3 receptors and a-1 adrenoceptors of
2m to those of compounds 3a–3h showed that most of the deriv-
atives had lower affinity to the dopamine receptors than 2m. One
of the two exceptions (3f) had higher affinity to the a-1 receptors
while the other (3h), which showed the most promising receptor
profile, had lower metabolic stability (73% in rat and 58% in human
liver microsomes) compared to that of 2m (93% in rat and 96% in
human microsomes).13 These results indicated that among the
close analogues 2m had the most advantageous properties at this
level. It should be noted that 2m showed practically no affinity
to other dopamine receptors (for rD1, hD1, hD4.2 and hD5

IC50 > 1000 nM) and a set of other GPCRs and ion channels while
its affinity to some serotonin receptors (5HT1A, 5HT2A, 5HT2B and
5HT2C was comparable to that measured for D3 and D2 receptors.14

As part of the late phase screening cascade and subsequent pre-
clinical development cariprazine (2m) was subjected to detailed
neurochemical and in vivo pharmacological characterization.
Cariprazine demonstrated antagonist-partial agonist properties
depending on actual dopaminergic tone that suggests its unique
dopamine system stabilizer character.14 Pharmacokinetic studies
in rat revealed that cariprazine has good absorption and excellent
brain penetration. The apparent terminal half-life (t1/2) in rats was
2 h following i.v. or p.o. administration. Brain concentrations of
cariprazine were much higher than plasma levels, with brain to
plasma AUC ratio of 7.6:1.15 Its beneficial side effect and safety
profile compared to several known antipsychotics have also been
demonstrated in several studies.15

In conclusion, the medicinal chemistry optimization of an
impurity isolated during the synthesis of compound 1 led to a ser-
ies of new piperazine/piperidine derivatives having high affinity to
both dopamine D3 and D2 receptors. The most promising represen-
tative of this family of compounds, 2m (INN:cariprazine hydro-
chloride) showed good pharmacokinetic profile with excellent
brain penetration, enhanced cognitive function and did not cause
catalepsy. Based on the promising non-clinical efficacy and safety
data the compound was selected for clinical development. The
proof of concept and dose finding clinical studies revealed the effi-
cacy and safety of cariprazine in patients with acute schizophrenia
and mania.16,17 The recently available top line results from pivotal
clinical trials demonstrated the safety and efficacy of cariprazine in
bipolar mania18 and schizophrenia19 indications. These positive
results validate the NDA filing of cariprazine as a new atypical
antipsychotic drug.
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