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The topogra hy of the central do aminergic receptor (D-2) has been studied using some 

reference drugs. The compounds were com ared by testing their ability to compete with 

apomorphine-induced climbing in mice. Tro apride was the most active compound, both 

the antidopaminergic activity of the compounds was much less than that of the 3-substituted 
derivatives. The interaction of the tropane derivatives with the D-2 receptor site is 
stereoselective as the equatorial stereoisomer was much more active than the axial isomer. 
The ethylene bridge present in the tropane derivatives but not in the corresponding 
piperidinyl analo ues increases the affinity of the tropane derivatives for the D-2 receptor. 
Interaction with t i e  D-2 receptor was confirmed as being Na+-dependent. The presence of a 
benzyl substituent on the basic nitrogen atom seems to be essential in the tropane series 
emphasizing the important role played in this series by the lipophilic auxiliary binding site 
postulated in Olson s model. In conclusion, the tropane skeleton may be considered a useful 
pharmacophoric group in the design of new dopaminergic drugs. 

analogues o P tropapride, a new genzamide derivative, and sulpiride and clebopride as 

[3H]spiperone in an in-vitro binding test an 8 by measuring their potency as antagonists of 

in-vitro and in-vivo. With the amide group su t: stituted in the 2-position of the tropane ring, 

Many studies have been made to elucidate the 
structural requirements for dopamine receptor acti- 
vation and/or blockade in different parts of the cns 
and at the periphery (Horn et a1 1975; Goldberg et a1 
1978; Seeman 1980; Humber 1981; McDermed & 
Freeman 1981; Olson et a1 1981; Pannatier et a1 1981; 
Van de Waterbeemd & Testa 1983). 

Because of its involvement in many physiological 
functions and the implied importance in clinical 
situations, the D-2 receptor as classified by Kebabian 
& Calne (1979) has received more attention than the 
D-1 receptor which is better understood in the 
laboratory (Calne 1980). 

The aim of the present paper was to examine, in 
the benzamide series, the influence on dopamine- 
related activity of the relative spatial position of the 
two nitrogen atoms of the diamino chain and of the 
number of the CH2-units between them. Starting 
from the structure of tropapride (MD 790501,I) for 
which potential high antipsychotic activity has been 
clearly shown in biochemical and pharmacological 
tests (Strolin Benedetti et a1 1982; Jalfre et a1 1983), 
we have exploited the rigid character conferred by 
the tropane skeleton on the diamine chain. There- 
fore, the axial isomer2 of I and the equatorial isomer 

* Correspondence. 

3 and axial 4 of the corresponding 2-substituted 
tropane derivatives have been prepared (Table 1). 

In addition, some other derivatives 5, 6, 7, 8, 9, 
with structures closely related to that of I, clebopride 
or sulpiride were also examined in order to study the 
mapping of the D-2 antagonist site. 

The compounds were compared by testing their 
ability to compete with [3H]spiperone in an in-vitro 
binding test using rat striatum membranes and by 
measuring their potency as antagonists of 
apomorphine-induced climbing in mice. As the 
binding of benzamides is highly sodium-dependent 
(Theodorou et a1 1980; Jenner & Marsden 1981), we 
also determined the affinity of the tropane deriva- 
tives for the D-2 site in the presence or absence of 
NaCl. The results are discussed in terms of the 
preferred stereochemistry required to fit the D-2 site 
and our results compared with those obtained by 
others (Jenner et a1 1978; Jenner & Marsden 1979) 
with reference benzamides. 

Binding assay 
The method for determining [3H]spiperone binding 
was adapted from those described by Burt et a1 
(1976) and Creese et a1 (1977). Male Sprague 
Dawley rats (Charles River, CD, France) were 
stunned and decapitated. The corpora striata were 
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rapidly dissected on ice and then homogenized 
(1 g/lOO ml) in ice cold 50 mM Tris-HC1 buffer (pH 
7.7, at 25 "C) (Potter, 10 strokes at 1200 rev min-1). 
The homogenate was centrifuged at 47 OOOg for 
10 min at 4 "C and the resulting pellets were frozen at 
-20°C. On the day of assay, the above procedure 
was repeated and the final pellet was resuspended 
(Ultra-turrax, 15 s at setting 3/4) in ice cold Tris-HC1 
buffer (50mM, pH 7 4 )  containing 120mM NaCI, 
5 mM KCI, 2 mM CaC12 and 1 mM MgC12 (Tris ion 
buffer). As reported by Leff et a1 (1981), the 
presence of ascorbic acid was not necessary. In some 
experiments, sodium ions were omitted and the ionic 
strength of the buffer was maintained at a constant 
value by increasing the Tris concentration. In some 
other experiments GTP (300 p ~ )  was included in the 
incubation medium containing Na+. Incubation 
tubes in triplicate contained 1 ml of tissue homo- 
genate (0.5-0.6 mg protein), 3.5 ml of Tris-HC1 
buffer, 250 pl of at least 10 different concentrations 
of each compound and 250yl of [3H]spiperone 
(NEN, West Germany, 26.7 Ci mmol-l) prepared to 
obtain a 0.15 nM final concentration, all these solu- 
tions being prepared in Tris ion buffer. Samples were 
incubated for 30min at 37°C and rapidly filtered 
under vacuum through Whatman GF/B filters. After 
washing twice with 5 ml of cold Tris-HC1 (pH 7.7), 
the filters were transferred to scintillation vials and 
dried (30 min at 60 "C). 10 ml of scintillation fluid 
(ACS I1 Amersham) were added and the vials were 
counted, after shaking for 1 h in a SL3000 (Inter- 
technique) liquid scintillation spectrometer. 

Specific [3H]spiperone binding was defined as the 
difference between [3H]spiperone binding in the 
presence and absence of 1 p~ (+)-butaclamol. The 
concentration that reduced specific binding by 50% 
(IC50) and the slope factor (apparent Hill number, 
n) were estimated from indirect Hill plots and linear 
regression analyses (Weiland & Molinoff 1981) using 
the formula: 

= - nlog (I) + nlog (IC50) ( W I  
log (LR) - (LR), 

where (I) = concentration of competitor ligand, 
(LR) = concentration of ligand-receptor complex 
when I = 0, (LR), = concentration of ligand- 
receptor complex in presence of competitor ligand. 

In some cases, data from the displacement curves 
were submitted to a subtype receptor analysis 
(Molinoff et a1 1981) using a Hofstee or a Scatchard- 
type transformation. Unless otherwise stated, values 
are means of at least 3 independent determinations. 

Antagonism of apomorphine-induced climbing ' 

Potential neuroleptic activity of the compounds was 
assessed in mice, from the antagonism of climbing 
induced by apomorphine (1 mg kg-1 s.c.) injected 
15 min after the intraperitoneal administration of 
either the compound or the vehicle, as described by 
Dostert et a1 (1982). ED50 values, calculated by 
regression analysis, were determined from at least 
three different doses with at least 8 animals per dose. 

Chemicals 
Tropapride, MD 790501, I: (exo)-2,3-dimethoxy-N- 
[8-(phenylmethyl)-8-azabicyclo[3.2.l]oct-3-yl]-benz- 
amide (HCl), 2 :  (endo)-2,3-dimethoxy-N-[8- 
(phenylmethyl)-8-azabicyclo[3.2.l]oct-3-yl]-benz- 
amide, 3 : (endo)-2,3-dimethoxy-N-[ 8-( phenyl- 
methyl)-8-azabicyclo[ 3.2.lloct-2- yl] benzamide 
(HCI), 4: (exo)-2,3-dimethoxy-N-[8-phenylmethyl)- 
8-azabicyclo[3.2.l]oct-2-yl]-benzamide (HCl), 5: 
(exo)-2,3-dimet hoxy-N-[8-et hyl-8-azabicylo[ 3.2.11 - 
oct-3-yllbenzamide (HCl), 6: (exo)-2,3-dimeth- 
oxy-N-[8-azabicyclo[3.2.l]oct-3-yl]-benzamide, 7: 
2,3-dimethoxy-N-[ l-(phenylmethyl)-4-piperidinyl]- 
benzamide (HCl), 8: 2,3-dimethoxy-N-[l-(phenyl- 
methyl)-3-piperidinyl]-benzamide (HCI), 9: 5- 
(aminosulfonyl)-2-methoxy-N-( [ (1-phenylmethy1)- 
2-pyrrolidinyl]methyI)-benzamide (CH3S03H), sul- 
piride, sultopride (HCl) and clebopride (CH3S03H) 
were synthesized in the Department of Organic 
Chemistry at the Delalande Research Centre. The 
two isomers of butaclamol (HCI) were purchased 
from Ayerst Laboratories; guanosine-5'-triphos- 
phate, disodium salt (GTP) was from Boehringer 
Mannheim; domperidone, haloperidol and 
spiperone were obtained as gifts from Janssen 
Pharmaceutica. 

RESULTS A N D  D I S C U S S I O N  
Results of biochemical and pharmacological tests are 
presented in Table 1. 

MD 790501, I, is the most active, both in-vitro and 
in-vivo, of the benzamide derivatives. In particular, 
I exhibits an affinity about 20 times higher for the 
D-2 receptor than does clebopride the most active of 
the reference compounds, as shown by comparison 
of their IC50 value in the [3H]spiperone binding test. 

The interaction between 1 and the D-2 receptor 
seems to be stereoselective as its axial isomer 2 is 
much less potent, about 4500 and 3000 times in the 
climbing test and in the binding test, respectively. 

When the benzamide moiety of 1 (group R in 
Table 1) is shifted from position 3 on the tropane 
skeleton to the 2 position, compounds 3 and 4 ,  a 
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Table 1. Effect of benzamide derivatives on the [3H]spiperone binding using rat striatum membranes and in the 
apomorphine-induced climbing test in mice. 

fCH3  

C L  

Antagonism of 
a omor hine 

infuced c h b i n g  
ED50 (mg kg-1 i.p.) 

(95% confidence 
limits) 

0.01 (0~009-0~011) 

30c 

22.1 (11.5-42.4) 

> 6 0 d  

100 

> 3od 

0.05 (0.04-0.08) 

> lood 

22.6 (186-27.4) 

37.9 (36.8-39) 

0.07 (0.06408) 

[3H]spiperone bindinga 

IC50 (nM) 

0.64 f 0.22b 

2,870 k 350 

1,030 f 60 

6,830 k 2,400 

8,300 k 330 

11,700f 1,050 

3.4 f 0.25 

76,600 f 7,200 

100 f 24 

280 f 20 

14 f 3.5 

Slope factor 
(n) 

0.79 f 0.09 

1.04 f 0.03 

0.92 f 0.02 

0.94 k 0.10 

0.86 f 0.02 

1.04 f 0.01 

0.87 f 0.03 

0.87 k 0.03 

0.80 f 0.05 

0.80 f 0.04 

0.90 f 0.02 

a Results are ex ressed as mean f s.d.; b mean of 7 determinations; c toxic at higher doses; d at this dose the 
pharmacological efkct was less than 20%. 

dramatic decrease of activity is observed with the 
equatorial isomer 3: (IC50 3)/(1C50 I )  - 1600; 
(ED50 3)/(ED50 I )  - 2600 and the axial isomer 4 is 
practically devoid of activity. With the piperidine 
analogues 7 and 8, the same loss of activity is 
observed when the number of CH2-units between the 
two nitrogen atoms is reduced from 3 as in compound 
7, to 2 in compound 8. Interestingly, the decrease in 
activity obtained with 8 compared with 7, corre- 
sponds to that observed between compounds 1 and 4 ,  
rather than between I and 3, in spite of the fact that it 
is difficult to conceive that the substituent R in 
compound 8 can adopt a pseudo-axial conformation, 
which would make it structurally closer to 4 than to 3. 

It seems more rational to assume that the ethylene 
bridge present in 3 and not in 8, affords a better ‘fit’ 
with the D-2 receptor for molecule 3 than for 
molecule 8, possibly through a lipophilic interaction, 
as the lipophilicity of 3 is higher than that of 8 as 
estimated according to Nys & Rekker (1974). Prieto 
et a1 (1977), using the antagonism of apomorphine- 
induced gnawing behaviour in the rat, have also 
observed a difference between clebopride (minimum 
effective oral dose: 1.56 mg kg-1) and its 3-piperidyl 
derivative (no activity at maximal screening dose: 
100 mg kg-1). It is, however, interesting that Dostert 
et a1 (1982), using the same pharmacological test as 
we have used here, did not find a marked difference 
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in activity between the 3- and 4-N-benzyl piperidyl 
derivatives in a series of 2-amino-4-methoxy pyrim- 
idine amides (ED50 ratio - 7). 

The results in Table 1 allow us to carry out a partial 
qualitative analysis using Olson’s dopamine receptor 
model (Olson et a1 1981). This model is based on 
three essential binding sites and one lipophilic 
auxiliary binding site. From the results obtained with 
our tropane derivatives, the conclusion can be drawn 
that the lipophilic site seems to play an important 
role in the interaction of these molecules with the 
D-2 receptor; accordingly, the substitution of the 
benzyl group of 1 by an ethyl group or hydrogen 
atom led to molecules 5 or 6 having respectively IC50 
values 13 000 or 18 300 times higher than that of 1.  
The pharmacological activity of 5 and 6 compared 
with 1 is also much decreased [(ED50 5)l(ED50 I) - 
lOOOO)]. The lipophilicity of 1 and 5 is 3.2 and 2 
respectively (Nys & Rekker 1974). The degree of the 
lipophilic character of the substituent borne by the 
basic nitrogen influences activity in the tropane 
series but this is not general within the benzamide 
series, as is evident from a comparison of ED50 
values and IC50 values of 9 and sulpiride in Table 1. 
The substitution of the ethyl group of sulpiride by a 
benzyl group (9)  does not modify the pharmaco- 
logical activity or the affinity for the D-2 receptor to 
a substantial extent as it does in the tropane series, 
although the lipophilicity of 9 differs markedly from 
that of sulpiride. The same conclusion can be drawn 
from the work of Prieto et a1 (1977) in which the ratio 
between the effective dose of the ethyl and benzyl 
(clebopride) derivatives is only 16. 

For compounds 1 , 9  and sulpiride, the slope factor 
(n) of the displacement curve was slightly less than 
unity. However, Hofstee or Scatchard-type analysis 
of the data (Molinoff et a1 1981) using the Gauss- 
Newton iterative procedure suggests that the three 
compounds interact, under the conditions of our 
assay, with a single site. The fitting was not signifi- 
cantly improved (P > 0.05) when a model having two 
or three sites was used. 

A sodium-dependent interaction between refer- 
ence benzamides and dopamine receptors has been 
observed (Stefanini et a1 1980; Jenner & Marsden 
1981; Mizuchi et a1 1982; Freedman et a1 1982). We 
therefore thought that it would be interesting to test 
our tropane derivatives in this respect. Various 
drugs, including butyrophenone and benzamide 
derivatives, were tested for their ability to displace 
[3H]spiperone from its binding site in the presence or 
absence of sodium ions. As previously described 
(Stefanini et a1 1980; Mizuchi et a1 1982), the affinity 

of butaclamol or butyrophenones for the D-2 recep- 
tor was not affected by the absence of Na+. In 
contrast, 1 , 2  and the reference benzamides showed a 
net decrease in their affinity (5 to 20 times) for the 
site (Table 2). These changes in affinity in a Na+-free 
medium are in agreement with those reported by the 
above authors. In view of these results, it seems that 
benzamides recognize a sodium-dependent antago- 
nist binding site in the D-2 receptor as suggested by 
Freedman et a1 (1982) and Theodorou et a1 (1983). 
Some authors, from results obtained with dopa- 
minergic agonists, have proposed that this receptor 
might exist in two interconvertible conformational 
states (Makman et a1 1982; Battaglia & Titeler 1982) 
depending on the presence or absence of guanyl- 
nucleotides as well as of Na+. However, when GTP 
was included in the incubation medium containing 
Na+, affinities and slope factors for sulpiride and 1 
were not significantly modified (Table 3). Similar 

Table 2. Effect of various drugs on the (3Hlspiperone 
binding using rat striatum membranes in the presence 
(120 mM) or absence of sodium ions. IC50 are expressed in 
nM.  

Tris + ion Sodium-free 
buffer buffer 
IC50 IC50 

Compound (slope factor) (slope factor) 
0.17 0.94 

HaloDeridol 5.33 0.99 4.11 0.95 
1.70 10.951 

Spiperone 
Domperidone 

+ -Butaclamol 1.53 100 2.27 104 
{-l-Butaclamol 563 [1:lO{ 891 [0:97’{ 

280 5,240 0.79 

147 l7; b:O:I Sulpiride 
Sultopride 
Clebopride 14.0 0.90 

I 
2 
3 
4 

0 .a  (0.79) 6.20 10.94) 
2,870 li.oi1 23,800 -~ 16.441 
1,030 0.92 1,440 0.99 
6,830 0.94 12,300 0.87 

Results are means of at least 2 experiments performed in 
triplicate. 

Table 3. Effect of GTP on the binding of tropa ride and 
sulpiride to the D-2 receptor. IC50 are expresselin nM. 

Tris + ion Tris + ion + GTP 
buffer buffer 
IC50 IC50 

Compound (slope factor) (slope factor) 
I 0.57 0 88 0.66 0 82 
Sulpiride 260 [0:80{ 290 [0:82] 

Results are mean of two separate experiments erformed 
in triplicate usin the same batch of membranes !or control 
buffer or GTP (800 WM) buffer. 
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results have been observed by Freedman et a1 (1981): 
GTP and its stable analogue guanyl-5'-yl imidodi- 
phosphate did not affect the binding of neuroleptics 
at the [3H]sulpiride site. These results seem to 
suggest that benzamides do not behave as partial 
agonists towards the D-2 receptor. Alternatively, 
some authors have described the benzamide binding 
site as a new Na+ dependent D-2 receptor (Mizuchi 
et a1 1982). 

Finally, it is also important to note that the binding 
of the 2-substituted tropane derivatives 3 and 4 was 
not modified in a sodium free buffer (Table 2). We 
have no explanation for this. 

In conclusion, using a series of new benzamide 
derivatives, we have shown that use of the tropane 
skeleton suitably substituted can produce com- 
pounds with very high affinity for an antagonistic site 
in the D-2 receptor. This would appear to account for 
the potent neuroleptic properties of tropapride, 1, 
since the doses effective in pharmacological tests 
predictive for neuroleptic activity were similar to, or 
lower than, those of haloperidol and clearly lower 
than those for reference benzamides (Jalfre et a1 
(1983). These authors have also suggested that 1 
possesses a marked ability to penetrate cerebral 
tissue in contrast to sulpiride. This hypothesis has 
been confirmed, at least in the rat (Strolin Benedetti 
et al, unpublished results). However, the increase in 
affinity does not seem to reduce the selectivity of 1 
for the D-2 receptor since this compound only 
weakly inhibits dopamine-stimulated adenylate 
cyclase activity (Strolin Benedetti et a1 1982) even 
though, like clebopride (Jenner et a1 1978), 1 has a 
higher inhibitory effect on dopamine stimulated 
adenylate cyclase than do the other reference ben- 
zamides. Thus, the tropane skeleton seems to be a 
very useful pharmacophoric group in the design of 
new dopaminergic drugs. 
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