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Abstract: A series of 4-bromo-1-methoxy-N-[2-(4-aryl-1-piperazinyl)ethyl]-2-naphthalenecarboxamide
dopamine (DA) D 3 receptor agonists has been identified. These compounds were found to be selective for DA
D3 over D2 receptors and were shown to be partial to full agonists as measured by stimulation of mitogenesis in
D3-transfected CHO p-5 cells. Copyright © 1996 Elsevier Science Ltd

Introduction

Most marketed antipsychotics exert their effects through antagonist activity at the dopamine (DA) D2
receptors. High levels of D2 receptor expression in the striatal as well as limbic regions of the brain may be
responsible for adverse motor effects such as extrapyramidal syndrome (EPS) and tardive dyskinesia that are
attributed to DA blockade. The recently cloned DA D3 receptor was found to have a much more restricted
distribution with expression predominantly localized to the limbic region which is responsible for cognitive and
emotional functions. Atypical antipsychotics (i. e. drugs which are known to cause fewer neurological side
effects) have high affinity for the DA D3 as well as the DA D7 receptor.! This led to the hypothesis that a
selective DA D3 antagonist may provide a novel antipsychotic agent with little or no EPS side effects.

Initial studies by Sokoloff et al.2 indicated that methoxy naphthalene amides with a general structure 1
are DA D1 selective antagonists. We were interested in expanding the scope of this work by synthesizing and
testing the aryl piperazine analogs 2.
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Chemistry

The compounds found in Tables 1 - 3 were synthesized as shown in Scheme 1.3 The aminoethyl
piperazine was prepared by reaction of an arylpiperazine with chloroacetonitrile followed by reduction with
lithium aluminum hydride or aluminum hydride. In cases where the substituents on the aryl piperazine were
sensitive to hydride reduction, the aryl piperazine was reacted with N-(2-bromoethyl)phthalimide followed by
deprotection of the amine with hydrazine. The amide couplings of the known naphthoic acid2 with aminoethyl
piperazines were carried out under standard conditions.

Scheme 1
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(i) K,003, CH;CN or DMF, 80 °C, 18 h; (ii) LiAIH,, THF or AlH,, THF, Et,0, 0 °C, 4 h; (jii) H,NNH,.
EtOH, 25 °C, $ h; (iv) iBuOCOC], Et;N, CH,Q, or THF, 0 °C, 15 h; (v) carbonyldiimidazole, CH,Q1,,
25°C, 15h.

Results and Discussion

Table 1 summarizes the effects of various phenylpiperazine substituents on human DA receptor binding
versus the antagonist ligand [3H]spiperone.4 In general, ortho substitution on the aryl piperazine gave
compounds with higher affinity and selectivity for DA D3 receptors over D2 receptors. In every case the DA
D3 affinity for para substituted analogs was weaker than the ortho and meta analogs. An increase in the alkyl
chain length of compound 3 from ethyl to propyl and butyl led to a moderate decrease in D3 receptor affinity
and selectivity (propyl: D3 =55 nM, D2 =311 nM and butyl: D3 = 88 nM, D2 =735 nM).
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Table 1: Effects of phenyl piperazine substitution on DA receptor binding

7 g
MO O NS .
OO N/\/N\)
Br
Compound R hD 3 binding 2 (K j nM) hD? binding? (Kj nM)

3 H 24 1892

4 2-Me 66 484

5 3-Me 339 1207

6 4-Me 260 996

7 2,3-diMe 50 1173

8 2Cl 39 517

9 3-Cl 40 703

10 4-Cl 132 35% @ 10uM
11 2,3-diC1 8 35% @ 10uM
12 2-OMe 76 303

13 3-OMe 652 1288

14 4-OMe 731 5692

15 2-NO2 24 151

16 3-NO2 652 1288

17 4-NOp 731 5692

3[3H]spiperone in rat striatum; K values were obtained from 4 - 6 concentrations, run in triplicate, by a non-
linear regression analysis.

Changes in naphthalene substitution were poorly tolerated (Table 2). As in the case of previously
studied benzamide compounds,3 the adjacent methoxy group appears to be important because hydrogen bonding
with the amide hydrogen locks the structure into a rigid conformation. Halogen substitution para to the
methoxy group also seems to be required. Unlike the pyrrolidine analog where X = CN (1),6 the corresponding
phenyl piperazine analog with cyano substitution on the naphthalene ring 19 has significantly weaker D3
binding affinity.
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Table 2: Effects of naphthalene substitution on DA receptor binding

Y
N AN
oA
X
Compound Y X hD 3 binding? (K j nM) hD2 binding? (Kj nM)
1 OMe Br 24 1892

18 OMe Cl 55 2529
19 OMe CN 131 71
20 OMe H 270 7000
21 OEt Br 267 >10uM
22 OH Br >10uM >10 puM
23 H Br >10 yM >10puM

aSee footnote for Table 1.

To determine the level of agonist activity, the effect on mitogenesis in D3-transfected CHO p-5 cells4?
was measured for a number of compounds (Table 3). Considering that compounds of the original pyrrolidine
series were shown to be antagonists, 6 we were surprised to find that most of the compounds in the phenyl
piperazine series caused a stimulation of mitogenesis at levels indicative of partial to full agonist activity. The
maximal effects produced ranged from 17% to 100% of that of the full DA agonist quinpirole (100%, EC50 =
1.3 nM).

Because of their D3 affinity and selectivity, compounds 3 and 11 were evaluated in vivo. When
administered at 10 mg/kg ip to rats, neither compound showed any significant effect on DA synthesis in either
the limbic or striatal areas of the brain.® Reversal of the y-butyrolactone-induced DA synthesis in these two
regions was also measured. Compound 3 again showed no significant effect, while compound 11 showed a
modest decrease of 45% in the limbic region, suggestive of a partial DA D2/D73 agonist effect. 10 Interestingly,
these compounds also had moderate affinity for the DA D4 receptor (34 nM and 65 nM, respectively). Both
compounds inhibited exploratory locomotor activity in rats with an ED5( value of 20 mg/kg after ip
administration.11

In summary, replacement of the pyrrolidine in the originally described 2-methoxynaphthamide series
with arylpiperazine has resulted in a class of compounds that have one to two orders of magnitude lower
affinity, but are more selective, for the DA D3 receptor with respect to the D2 receptor. These compounds are
also significantly different in that they are partial to full agonists.
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Table 3: Stimulation of mitogenesis in D3-transfected CHO p-5 cells. Percent maximal effect compared to that
of the full DA agonist quinpirole.

3 o
MO O (ONTS '
OO u/\/"‘\)
Br
Compound R hD3 binding? (K j naM) DA D3 receptor mitogenesis?
% maximal effectC ECs0d (nM)
3 H 24 55 68
4 2Me 66 17 >1000
7 2,3 diMe 50 31 68
8 2C1 39 57 83
9 3Ql 40 83 28
1 2,3diCl 8 100 13

aSee footnote for Table 1. Pmeasurement of [ 3H]thymidine incorporation in CHO p-5 cells expressing human
D3 receptors. CPercent maximal effect compared to that of the full DA agonist quinpirole (100%).8 9ECsp
values were obtained from 10 concentrations, n = 4,

Acknowledgment: We would like to thank L. M. Georgic, Y.-H. Shih and K. T. Zoski for biological testing.
References and Notes

Sokoloff, T.; Giros, B.; Martres, M.-P.; Bouthenet, M.-L.; Schwartz, J.-C. Nature 1990, 347, 146.

2. Rognan, D.; Mann, A.; Wermuth, C.-G.; Martres, M.-P.; Giros, B.; Sokoloff, P.; Schwartz, J.-C,;
Lecomte, J.-M.; Garrido, F. Eur. Pat. Appl. EP 539, 281, 1993, Chem. Abstr., 119, 139085a.

3. All new compounds had satisfactory IH NMR, IR, MS and microanalysis.
Binding assays were carried out in triplicate at cloned human D7] , D3 and D4 receptors transfected into
CHO-K1 cells versus [3H]spiperonc as previously described: Pugsley, T. A.; Davis, M. D.; Akunne, H.
C.; MacKenzie, R. G.; Shih, Y. H.; Damsma, G.; Wikstrém, H.; Whetzel, S. Z.; Georgic, L. M.; Cooke,
L. W.; DeMattos, S. B.; Corbin, A. E.; Glase, S. A.; Wise, L. D.; Dijkstra, D.; Heffner, T.G. J.
Pharmacol. Exp. Ther. 1995, 275, 1355.

5. Hogberg, T. Drugs of the Future 1991, 16, 333.
Sautel, F.; Griffon, N.; Sokoloff, P.; Schwartz, J.-C.; Launay, C.; Simon, P.; Costentin, J.; Schoenfelder,
A.; Garrido, F.; Mann, A.; Wermuth, C. G. J. Pharmacol. Exp. Ther. 1995, 275, 1239.



1366

10.
1.

S. A. GLASE et al.

Chio, C. L.; Lajiness, J. E.; Huff, R. M. Mol. Pharmacol. 1994, 45, 51.

This number represents the intrinsic activity of the compound. It is the maximal thymidine uptake of a
test compound relative to the maximal thymidine uptake achieved by the full agonist quinpirole.

DOPA accumulation in rat brain after administration of compounds was used as a measure of effects on
DA synthesis. This test was carried out according to methods described previously in reference 4.
Meller, E.; Bohmaker, K.; Goldstein, M.; Basham, D. A. Eur.J. Pharmacol. 1993, 249, RS.

(a) Strombom, U. Catecholamine Receptor Agonists. Nauyn-Schmiedeberg'’s Arch. Pharmacol.

1976, 292, 167. (b) Martin, G. E.; Bendesky, R. J. J. Pharmacol. Exp. Ther. 1984, 229, 706.

(Received in USA 8 April 1996; accepted 14 May 1996)



