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Abstract: Structure—affinity relationships of N-[4-(4-arylpip-
erazin-1-yDbutyllarylcarboxamides as Ds receptor ligands have
been well characterized but not structure—activity relation-
ships. In a first attempt to clarify this issue, seven 1-(2,3-
dichlorophenyl)piperazine derivatives and their 2-methoxy-
phenyl counterparts were prepared by varying the arylcarbox-
amide moiety. They were tested for Ds; receptor binding
affinities and in the Eu-GTP binding assay in order to evaluate
their intrinsic activity. We have found that the intrinsic
activity strongly depended on the nature of the arylcarbox-
amide moiety.

The dopamine D3 receptor has received much atten-
tion because its potential involvement in the treatment
of Parkinson’s disease (PD) and schizophrenia and in
substance abuse.! The therapeutic use of D3 agents for
PD treatment derived from the observation that prami-
pexole, a Do/D3 agent, is effective in early stages of PD
and an effective adjunct therapy to levodopa in treating
late PD. Moreover, it has been suggested that the Dg
receptor plays a pivotal role in the therapeutic action
of levodopa.? The involvement of the D3 receptor subtype
in schizophrenia arose from D3 receptor localization in
limbic brain areas (islands of Calleja, ventral striatum/
nucleus accumbens, dentate gyrus, and striate cortex),
implicated in neuronal circuits believed to display
defective functioning in schizophrenia.? Recently, the
availability of selective D3 agents has strengthened the
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likehood that D3 receptor is significantly involved in
mechanisms of drug dependence and abuse.? In fact, the
D3 selective antagonist SB-277011 (Chart 1) can reduce
cocaine-, nicotine-, ethanol-, and heroin-seeking behav-
iors. Moreover, other selective D3 receptor antagonists
such as SB-414796 (Chart 1) and 1a (NGB 2904) (Table
1) possess similar in vivo properties as SB-277011 and
this further supports the hypothesis that central Ds
receptors play an important role in the rewarding and
incentive motivating effects of cocaine. Moreover, a
series of in vivo studies assessed the efficacy of the Ds
receptor partial agonist 2b (BP 897) (Table 1) in animal
models of drug addition.56

During the past decade, considerable research efforts
have led to the identification of potent and selective Ds
receptor ligands.”® We, as well as other research groups,
have reported the synthesis and binding profile of a
large number of Dj receptor ligands with N-[4-(4-
arylpiperazin-1-yl)butyl]arylcarboxamide structure.?~14
These studies allowed the elucidation of structure—
affinity relationships of this class of compounds as well
as the identification of several potent and selective Ds
receptor ligands. By contrast, little is known on structure-
activity relationships on N-[4-(4-arylpiperazin-1-yl)-
butyl]arylcarboxamide derivatives. In fact, the intrinsic
activities of several structurally unrelated ligands have
been assessed. Moreover, the rationalization of the
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Table 1. D3 Receptor Affinity and Intrinsic Activity of the
Target Compounds

o) (\N,Ar
Rku/\/\/"‘\)
Eu-GTP binding assay”
compd R Ar Ki £ S.E.M., nM” | % Max. | pECso | pA;
activity
1a O O 2,3-di-C1-Ph 1.7+0.30 0 8.70
1b . 2-MeO-Ph 0.52+£0.03 100 7.31
2a O 2,3-di-Cl-Ph 79+ 0 8.52
2b 2-MeO-Ph 4.6 +0.50 0 7.80
3a 2,3-di-Cl-Ph 1.98 +0.25 0 8.95
3b 2-MeO-Ph 0.30£0.09 0 7.40
4a @ 2,3-di-C1-Ph 11.9+1.10 100 6.68
4b 2-MeO-Ph 12815 54 6.81
5a 2,3-di-CI-Ph 6.9 +0.40 40 7.22
5b 2-MeO-Ph 32.6+£2.50 0 7.14
cis-6a @w <:> ____ 2,3-di-CI-Ph 10.6 £ 0.50 30 6.20
cis-6b 2-MeO-Ph 20.6 £4.50 41 5.74
trans-6a @'O‘ 2,3-di-C1-Ph 22.8+5.0 0 7.60
trans-6b 2-MeO-Ph 34+0.25 0 8.10
quinpirole 0.41 +£0.03 100 7.60
haloperidol 16.0+2.0 0 6.50

@ All values represent the mean of three determinations, with
each determination lying within 0.3 log unit of the mean. ® Recep-
tor and radioligand used in binding assay: human cloned D3
receptors in CHO cells; [3H]spiroperidol. All values represent the
mean of three determinations. The Hill plot of listed compounds
was between 0.9 and 1.2

Chart 2
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Ar = 2-CH30-Ph, 2,3-di-CI-Ph

published intrinsic activity data is not possible, because
different assay methods were used (i.e.: [®°S]GTPyS
binding, stimulation/inhibition of mitogenesis). This
aspect has been recently reviewed in depth by Newman
and co-workers, who have pointed out the inconsistency
of intrinsic activity data obtained from various labs.1?
Gmeiner and co-workers have reported the intrinsic
activity of three 1-(2,3-dichlorophenyl)piperazine de-
rivatives and of their 2-methoxyphenyl counterparts
(Chart 2).13 They demonstrated that the intrinsic activi-
ties were highly structure-dependent. However, struc-
ture—activity relationships were not drawn because of
the limited number of compounds studied. On the basis
of these observations, in a first attempt to shed light
on structure—activity relationships of N-[4-(4-arylpip-
erazin-1-yDbutyl]arylcarboxamide derivatives, we have
compared the intrinsic activities of the N-[4-(2,3-dichlo-
rophenyl)piperazine]butyl]arylcarboxamides 1a—6a with
those of the 2-methoxyphenyl counterparts 1b—6b
(Table 1), including the D3 receptor antagonist 1a and
the partial agonist 2b. The arylcarboxamide moieties

Letters

of the target compounds were structurally related to
those of 1a and 2b.

We have determined the intrinsic activity of the
compounds la,b—6a,b using a GTP binding assay
because it provides a measurement of agonist efficacy
targeting a mechanism that is directly associated to
ligand—receptor interaction. We have used the recently
introduced DELFIA (Dissociation Enhanced Lanthanide
Fluoro Immuno Assay) Eu-GTP binding assay, that
represents an alternative for use in filtration assays
where [?3S]GTPyS is used.'® By contrast, stimulation/
inhibition of mitogenesis is an end-point event, down-
stream in different signaling pathways, and certainly
encompasses other effects due to promiscuity of cellular
signals and not only to dopamine D3 receptor-mediated
activity.1”

All carboxylic acids used to prepare the target com-
pounds were obtained from commercial sources or
prepared according to literature methods, except cis-4-
phenyl-1-cyclohexanecarboxylic acid (cis-11). The syn-
thetic procedures reported in the literature for the
preparation of cis-11 were not useful for preparative
purpose (<6% yield).181° We have used an alternative
synthetic pathway which was characterized by low yield
(36%) but fulfilled our requirements (Scheme 1). 4-Phen-
yl-1-cyano-1-cyclohexene (7)?° was hydrolyzed with NaOH
to afford the carboxylic acid 8, which reacted with
ethanol to afford ester 9. This latter intermediate was
reduced with borane methyl sulfide complex to give
alcohol 10 as a mixture of cis and trans isomers.
Oxidation of this mixture with Jones’s reagent furnished
4-phenyl-1-cyclohexanecarboxylic acid 11 as a mixture
of cis and trans isomers. These isomers were easily
separated by column chromatography on silica gel. The
target benzamides were prepared by condensing 4-(2,3-
dichlorophenyl)-1-piperazinebutanamine (12a)° or 4-(2-
methoxyphenyl)-1-piperazinebutanamine (12b)2! with
the appropriate carboxylic acid (Scheme 2).

All target compounds 1a,b—6a,b display high affinity
for D3 receptor (Table 1), except the benzamide deriva-
tives 4b, which showed K; values of 128 nM. Moreover,
small differences in D3 receptor affinity values can be
noted between the 1-(2,3-dichlorophenyl)piperazine de-
rivatives and their 2-methoxyphenyl counterparts, ex-
cept for compound 4a which is 10-fold more potent than
4b. This trend was already observed in this class of
compounds.13

Data of intrinsic activity of final compounds obtained
by Eu-GTP binding assay are shown in Table 1. Con-
sidering the 2,3-dichlorophenyl derivatives, it can be
observed that compounds 1a, 2a, 3a, and trans-6a acted
as D3 receptor antagonists, 5a and cis-6a behaved as
partial agonists, and 4a was found to be a full agonist.
Therefore, the intrinsic activities of derivatives 1a—6a
seem to be dependent on the nature of the arylcarbox-
amide moiety. In particular, the orientation of the
naphthalene system of derivatives 2a and 5a reflects
on their intrinsic activity. Similarly, the geometric
isomers cis-6a and trans-6a acted differently on Dj
receptor.

As far as the intrinsic activities of 2-methoxyphenyl
derivatives are concerned, compounds 2b, 3b, 5b, and
trans-6b behaved as D3 receptor antagonists, 4b and
cis-6b behaved as partial agonists, and 1b acted as full
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@ Reagents: (A) NaOH; (B) ethanol, concd HaSOy; (C) borane methyl sulfide complex; (D) Jones’s reagent; (E) silica gel column

chromatography.

Scheme 2¢

o) (\N’Ar

R)J\OH + H2N/\/\/N\)

12a (Ar = 2,3-di-CI-Ph)
12b (Ar = 2-CHz0-Ph)

1a,b-6a,b

@ Reagents: (A) 1,1'-carbonyldiimidazole or 1.2% NaOH or methyl chloroformate.

agonist. Also for this group of compounds, the intrinsic
activities depended on the nature of the arylcarbox-
amide moiety. However, the structural features of the
carboxamide moiety that are responsible of receptor
activation are not clear. From the comparison of activity
data, it could be hypothesized that compounds 1a—6a
interacted with dopamine Ds receptor in a slightly
different manner as did 1b—6b.

The antagonists 1a, 2a,b, 3a,b, 5b, trans-6a,b inhib-
ited quinpirole-stimulated Eu-GTP binding with poten-
cies similar to those found in radioligand-binding ex-
periments. On the other hand, the potencies of the
agonists and partial agonists 1b, 4a,b, 5a, cis-6a,b were
slightly different from those found in radioligand-
binding experiments. This might be due to the different
[receptor]/[G-protein] ratio in the membrane prepara-
tions used for the experiments.??

The intrinsic activities of compounds 1a, 2b, and 3b
were assessed by other authors using a mitogenesis
assay measuring the rate of [3H]thymidine incorpora-
tion. Compound 1a!® was reported as an antagonist, and
compounds 2b'3 and 3b'4 as partial agonists. As men-
tioned above, we have found that compounds 1a, 2b,
and 3b acted as antagonists in the Eu-GTP binding
assay. Therefore, compounds 2b and 3b showed differ-
ent behavior in these two assays. It is noteworthy that
our intrinsic activity data of compound 2b are in
agreement with those published by Garcia-Ladona that
tested such compound in the GTPyS binding assay.!”
The source of these differences is probably relates to the
fact that mitogenesis measures a response that is distal
to agonist-induced receptor/G-protein conformational
changes.

The results presented herein show that structural
modifications of the arylcarboxamide part of N-[4-(4-
arylpiperazin-1-yDbutyl]arylcarboxamide framework in-
fluence the intrinsic activity at Ds receptor in either
1-(2,3-dichlorophenyl) and 1-(2-methoxyphenyl)pipera-
zine derivatives. A wide range of intrinsic activity can
be observed by varying the arylcarboxamide moiety. The
synthesis of a wider number of derivatives becomes
necessary for the full elucidation of the role played by

the arylcarboxamide moiety of this class of compounds
on intrinsic activity.

Supporting Information Available: Physical and spec-
tral data of all the synthesized compounds, experimental
procedures for synthesis, and biological evaluation. This
material is available free of charge via the Internet at http:/
pubs.acs.org.

References

(1) Levant, B. The D3 dopamine receptor: neurobiology and poten-
tial clinical relevance. Pharmacol. Rev. 1997, 49, 231—252.
Biglan, K. M.; Holloway, R. G. A review of pramipexole and its
clinical utility in Parkinson’s disease. Expert Opin. Pharmaco-
ther. 2002, 3, 197—210.

(3) Sokoloff, P.; Giros, B.; Martres, M. P.; Bouthenet, M. L.; Schwarz,

dJ. C. Molecular cloning and characterization of a novel dopamine

receptor (D3) as a target of neuroleptics. Nature 1990, 347, 72—

76.

Heidbreder, C. A.; Gardner, E. L.; Xi, Z.-X.; Thanos, P. K;

Mugnaini, M.; Hagan, J. J.; Ashby, C. R. The role of central

dopamine D3 receptors in drug addiction: a review of pharma-

cological evidence. Brain Res. Rev. 2005, 49, 77—105.

Beardsley, P. M.; Sokoloff, P.; Balster, R. L.; Schwartz, J. C. The

D3R partial agonist, BP 897, attenuates the discriminative

stimulus effects of cocaine and D-amphetamine and is not self-

administered. Behav. Pharmacol. 2001, 12, 1-11.

Pilla, M.; Perachon, S.; Sautel, F.; Garrido, F.; Mann, A.;

Wermuth, C. G.; Schwartz, J. C.; Everitt, B. J.; Sokoloff, P.

Selective inhibition of cocaine-seeking behavior by a partial

dopamine D3 receptor agonist. Nature 1999, 400, 371—-375.

Luedtke, R. R.; Mach, R. H. Progress in developing D3 dopamine

receptor ligands as potential therapeutic agents for neurological

and neuropsychiatric disorders. Curr. Pharm. Des. 2003, 9, 643—

671.

Hackling, A. E.; Stark, H. Dopamine D3 receptor ligands with

antagonistic properties. ChemBioChem 2002, 3, 946—961.

Leopoldo, M.; Berardi, F.; Colabufo, N. A.; De Giorgio, P.;

Lacivita, E.; Perrone, R.; Tortorella, V. Structure-affinity rela-

tionship study on N-[4-(4-arylpiperazin-1-yl)butyl]arylcarbox-

amides as potent and selective dopamine D3 receptor ligands.

J. Med. Chem. 2002, 45, 5727—-5735.

(10) Yuan, J.; Chen, X.; Brodbeck, R.; Primus, R.; Braun, J.; Wasley,
J. W. F; Thurkauf, A. NGB 2904 and NGB 2849: two highly
selective dopamine D3 receptor antagonists. Bioorg. Med. Chem.
Lett. 1998, 8, 2715—2718.

(11) Robarge, M. J.; Husbands, S. M.; Kieltyka, A.; Brodbeck, R.;
Thurkauf, A.; Newman, A. H. Design and synthesis of [(2,3-
dichlorophenyl)piperazin-1-yl]alkylfluorenylcarboxamides as novel
ligands selective for the dopamine Dj receptor subtype. J. Med.
Chem. 2001, 44, 3175—3186.

(12) Campiani, G.; Butini, S.; Trotta, F.; Fattorusso, C.; Catalanotti,
B.; Aiello, F.; Gemma, S.; Nacci, V.; Novellino, E.; Stark, J. A.;
Cagnotto, A.; Fumagalli, E.; Carnovali, F.; Cervo, L.; Mennini,

(2

~

(4

=

5

=

(6

=

(7

—

(8

=

(€]

=



7922 Journal of Medicinal Chemistry, 2005, Vol. 48, No. 25

(13)

(14)

(15)

(16)

amn

T. Synthesis and pharmacological evaluation of potent and
highly selective D3 receptor ligands: inhibition of cocaine-seeking
behavior and the role of dopamine D3/Ds receptors. J. Med.
Chem. 2003, 46, 3822—3839.

Bettinetti, L.; Schlotter, K.; Hubner, H.; Gmeiner, P. Interactive
SAR studies: rational discovery of super-potent and highly
selective dopamine Dj receptor antagonists and partial agonists.
J. Med. Chem. 2002, 45, 4594—4597.

Hackling, A.; Ghosh, R.; Perachon, S.; Mann, A.; Holtje, H. D.;
Wermuth, C. G.; Schwartz, J. C.; Sippl, W.; Sokoloff, P.; Stark,
H. N-(omega-(4-(2-methoxyphenyl)piperazin-1-yl)alkyl)carbox-
amides as dopamine Dy and D3 receptor ligands. J. Med. Chem.
2003, 46, 3883—3899.

Newman, A. H.; Grundt, P.; Nader, M. A. Dopamine D3 receptor
partial agonists and antagonists as potential drug abuse thera-
peutic agents. J. Med. Chem. 2005, 48, 3663—3679.

Frang, H.; Mukkala, V.-M.; Syysto, R.; Ollikka, P.; Hurskainen,
P.; Scheinin, M.; Hemmil4, I. Nonradioactive GTP binding assay
to monitor activation of G protein-coupled receptors. Assay Drug
Dev. Technol. 2003, 1, 275—280.

Wicke, K.; Javier Garcia-Ladona, J. The dopamine D3 receptor
partial agonist, BP 897, is an antagonist at human dopamine
D3 receptors and at rat somatodendritic dopamine D3 receptors.
Eur. J. Pharmacol. 2001, 424, 85—90.

(18)

19)

(20)

(21)

(22)

Letters

Zimmerman, H. E.; Giallombardo, H. J. The stereochemistry of
the ketonization reaction of enols. III. J. Am. Chem. Soc. 1956,
78, 6259—6265.

Johnson, W. S.; Offenhauer, R. D. 4-(p-Hydroxyphenyl)-hexahy-
droacetophenone and homologues. J. Am. Chem. Soc. 1945, 67,
1045—1049.

de Meglio, P.; Ravenna, F.; Carenini, G.; Gentili, P.; Manzardo,
S.; Tempra Gabbiati, G.; Riva, M. Derivati della 4-fenilcicloesi-
letilammina ad attivita antidepressiva. Farmaco Ed. Sci. 1982,
37, 836—858.

Perrone, R.; Berardi, F.; Leopoldo, M.; Tortorella, V.; Lograno,
M. D.; Daniele, E.; Govoni, S. 5-HT;4 and D-2 receptor affinity
of o-methoxyphenylpiperazine derivatives with terminal benza-
mide fragment on N-4 alkyl chain. 2. Farmaco 1995, 50, 505—
510.

Vanhauwe, J. F.; Fraeyman, N.; Francken, B. J.; Luyten, W. H.;
Leysen, J. E. Comparison of the ligand binding and signaling
properties of human dopamine Dy and Ds receptors in Chinese
hamster ovary cells. J. Pharmacol. Exp. Ther. 1999, 290,
908—-916.

JM0507290



