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Abstract: Subreceptor selectivity tuning of N-(3-pyrrolidinyl)benzamides leading to the selective dopamine D3
ligand entlh and the derivatives 1g and le/entle which preferably recognize human D2 or D4 receptors,
respectively, is described. Binding profiles were controlled by both, absolute and relative configuration. The
enantiopure target compounds were synthesized from aspartic acid. © 1999 Elsevier Science Ltd. All rights reserved.

The 2-methoxybenzamides represent a very important family of drugs used as antiemetics, gastric motility
stimulants and antipsychotics.! Structurally, the compounds may be divided into benzamides of N, N-disubstituted
ethylenediamines including metoclopramide  and conformationally restricted 2-aminomethylpyrrolidine and 3-
aminopyrrolidine analogs. Highly interesting representatives of the 2-aminomethylpyrrolidine series, such as
sulpiride or amisulpride show an atypical neuroleptic profile which is obviously due to D2/D3 antagonistic effects
with both presynaptic and limbic selectivity.> On the other hand, benzamides of 3-aminopyrrolidines including the
antipsychotic nemonapride (cis-isomer, racemic) are known for a very strong affinity to the dopamine receptors
D2, D3 and D4.* Structural hybridation of both types leads to benzamides of 3-aminomethylpyrrolidines including
4-alkyl substituted derivatives (1). Here, we report the first investigations on stereoselective synthesis and

dopamine receptor binding of this class of compounds.®
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The preparation of the target compounds was envisioned by coupling of isomerically pure 3-
aminomethylpyrrolidines, including 4-alkyl derivatives, with typical 2-methoxybenzoic acids proved as valuable
building blocks for dopamine antagonists. For an efficient EPC synthesis of the 3-aminomethylpyrrolidine 9a and
its optical antipode ent9a we took advantage of our recently described B-amino acid methodology employing the
N-benzylpyrrolidine carbonitriles 5a and ent5a as the key intermediates.®’ Thus, the (S)-8-proline precursor 5a
was obtained from the N,N-dibenzylaspartate 2 ®through the aminobutanediol 3 and the pyrrolidinium mesylate 4

in 92% overall yield. Analogously, ent5a was prepared from unnatural (R)-aspartic acid.
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a: LiN(SiMe,),, THF, Mel, -50°C to -20°C, 2.5 h (6a,b: 98%); n-Prl, -20°C to -6°C, 18 h (6¢c,d: 52%); Alll,
-65°C to -25°C, 1.5 h (6e.f: 82%); b: LiAlH ,, THF, -40°C to -20°C, 4 h (7a,b: 95%; 7c¢,d: 45%; Te f: 58%); c:
MesCl, Et;N, THF, -40°C to -20°C, 1h, low temperature flash chromatography; d: Pd(OH),/C, H,, MeOH, RT, 2-
15 min (63-97%, based on 7); Bu,NCN, NaCN, DMSO, 60°C, 20-48 h (5b: 21%, 5c: 73%, 5d: 26%, 5e: 80%).

Besides the substitution pattern of the 2-methoxybenzamide moiety and the absolute configuration in position 3 of
the pyrrolidine framework, the incorporation of alkyl substituents into the pyrrolidine 4-position should be used
as a tool for tuning the dopamine subreceptor selectivity. Following a protocol, we previously used for a C-
benzylation,” deprotonation of the protected aspartate 2 by LiN(SiMe,), and subsequent trapping of the ester
enolate by methyl iodide or propyl iodide resulted in formation of the 3-substituted derivatives 6a,b and 6c¢,d,
respectively. Whereas the methylation products 6a,b were obtained in a 7:4 threo/erythro ratio the propylation
gave a 1:1 mixture of 6¢ and 6d. The reduced electrophilicity of propyl iodide, when compared to methyl iodide,
required more drastic reaction conditions resulting in a product yield of only 52%. This problem could be
circumvented by using allyl iodide as a C3 equivalent which was expected to be hydrogenated catalytically to a
propyl group on a later step of the synthesis. In fact, the allylation reaction proceeded at low temperature (-65 to

-25°C) and afforded 82% of the diastereomers 6e,f as a 1:1 mixture of diastereomers. Subsequent ester reduction



C. Thomas et al. / Bioorg. Med. Chem. Lett. 9 (1999) 841-846 843

by LiAIH, gave the diols 7a-f. Chromatographic separation of the diastereomeric esters 6a,b, 6¢,d and 6e,f was
possible. However, reduction of the diastereomeric mixtures and subsequent flash chromatographic purification of
the respective aminobutanediols proved to be the more convenient and efficient alternative. Transformation of 7a-f
into the pyrrolidinium mesylates 8a-f involving migration of the dibenzylamino group was induced by treatment
with methanesulfony] chloride. Subsequent catalytic hydrogenation and cyanide displacement of the mesyloxy
group afforded Sb,c from 8a,b. Synthesis of the propyl substituted nitriles 5d,e could be performed from the
respective allyl or propyl precursors when the allyl-route gave a higher overall yield. Using the same reactions, the
enantiomers entSh-e were synthesized from (R)-aspartic acid.

The reduction of the carbonitriles Sa-e and ent5a-e was best performed by LiAlH, in Et,0, when the
aminomethylpyrrolidines 9a-e and ent9a-e were formed quantitatively. Subsequent DCC coupling of 9a and ent-
9a to the aromatic building blocks 10a-e gave the 2-methoxybenzamides 1a-e and entla-e, respectively. The 4-
alkylpyrrolidines 9b-e and ent9b-e were reacted with the aminobenzoic acid 10b to afford the benzamides 1f-i and

entlf-i, respectively.'

(o] 10a: X =Cl; Y = NH,
X 10b: X = Cl; Y = NHMe
OH 10c: X =CI; Y = NHAc
LiAIH, / Et,0 R 10d: X = CI; Y = NMeAc
0°Cto RT,2h Rak Y 10e: X =Br;Y=H
5a-¢ —— \I:N—Bn —- 1a-i
HN DCC / HOB, EtOAc, RT/0°C, 40 h
(60-80 %, based on 5a-e)
9a:R=H;R' =H (see: Table 1)
9b:R=H;R’'=Me
9c:R=Me;R'=H
9d: R=H; R =n-Pr
9e:R=n-Pr; R"=H

The methoxybenzamides 1a-t and the enantiomers entla-i were evaluated in vitro for their abilities to displace
ong» D2gpors' D3 2and D4.4 Pbeing stably expressed

in CHO cells. The D1 affinities were determined by employing bovine striatal membrane preparations and the D1

[*H]spiperone from the cloned human dopamine receptors D2

selective antagonist ["H]SCH 23390 as the radioligand." As a reference drug, the more active (S)-enantiomer of
sulpiride was utilized. Our SAR studies were initiated by investigating the binding properties of the (R)-configured
pyrrolidinylmethylbenzamides 1a-e depending on the substitution pattern at the 2-methoxybenzamide moiety
(Table 1). We observed that the 4-amino-5-chloro derivative 1a, incorporating substituents identical to
metoclopramide, shows moderate binding to the dopamine receptors D1 - D4 with preference to D4 (Ki = 140
nM). Corresponding to the strong affinities of nemonapride reported in the literature, dopamine receptor binding
1o all the subreceptors investigated was strongly enhanced when the N-methylaniline 1b gave Ki values of 23 nM
for D4, 360 nM for D3 as well as 110 nM and 86 nM for D2

modest (Ki = 9700 nM). According to recent studies indicating that sterically demanding residues localized at the

jong a0d D2, respectively. The D1 binding remained

aromatic aminofunction of nemonapride analogs increases D4 selectivity '* we investigated the binding properties
of the acetamides 1c and 1d. This structural variation, however, strongly reduced the affinities to D1, D2, D3 and
D4. On the other hand, the 5-bromo-2-methoxybenzamide 1e showed selective D4 receptor binding with Ki values

of 46, 5200, 2000, 1500 and 2100 for D4, D1, D2, D2, . and D3, respectively.'
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Table1: Binding data (Ki values [nM]) of N-(3-pyrrolidinyl)benzamides employing human dopamine D2,
D2, .. D3 and D4.4 as well as bovine D1 receptors.”’
R K
XD\j\m/\E‘g X N/’:,, %
Y ? H N v ? H N
1 d ent-1

Compound X Y R R' D1 LZ,O_,IE D2 j0rc D3 D4.4

la Cl NH, H H 11 000 820 540 2200 140
entla Cl NH, H H 11 000 1 400 640 570 180
1b Cl NHMe H H 9700 110 86 360 23
entlb Cl NHMe H H 5100 110 58 47 19
1c CI  NHAc H H 41000 27000 25000 8 700 340
entlc Cl NHAc H H 35000 19000 21000 2700 250
1d Cl NMeAc H H 87000 38000 28000 11 000 7 000
entld Cl NMeAc H H 75000 30000 19000 7200 4200
le Br H H H 5200 2 000 1 500 2 100 46
entle Br H H H 3700 3 100 1 600 1100 48
1f (cis) CI NHMe H Me 12 000 51 21 570 240
entlf (cis) Cl NHMe H Me 11 000 150 79 110 47
1g (trans) Cl NHMe Me H 14 000 28 10 210 220
entlg (trans) Cl NHMe Me H 20 000 330 120 320 150
1h (cis) Cl NHMe H n-Pr 240 45 28 310 46
entlh (cis) Cl NHMe H n-Pr 2 800 190 190 31 200
1i (trans) Cl NHMe n-Pr H 3300 54 24 270 130
entli (trans) Cl NHMe n-Pr H 4100 980 540 350 990
(S)-sulpiride 50 000 120 51 88 2 100

Binding data are the means of two to three experiments performed in triplicate at eight concentrations (0.01-
100000 nM). Ki values [nM] were obtained from nonlinear regression analysis using the programme PRISM and
subsequent application of the equation of Cheng and Prusoff.

The binding profiles of the (S)-configured benzamides entla and entlc-e were similar to those of their

enantiomers. However, the methylamine entlb showed enantioselective D3 binding resulting in a Ki value of

47nM. Thus, entlb displays D1, D2 and D3 affinities comparable to the atypical antipsychotic drug (S)-sulpiride
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except an approximately 100 fold stronger D4 receptor binding. Stereoselective and variable binding profiles were
determined for 4-methyl- and 4-propylpyrrolidine derivatives 1f-i and its enantiomers entl1f-i. It turned out, that
the (3R)-configuration disfavors D3 binding and induces remarkable D2 receptor affinity which is also subreceptor
selective for 1f,g,e. For the cis-configured test compound 1h it is accompanied by substantial D4 activity.
Interestingly, 1h shows also moderate D1 binding (Ki = 240 nM). Within the (3S)-series the cis-isomers ent1f and
entlh displayed D3 affinities superior to those of the trans-isomers entlg and entli. Comparison of the Ki values
indicates strong and selective D3 binding of the propyl substituted derivative entlh with a Ki value of 31nM and

a selectivity > 6 when compared to D1, D2 and DA4.

In conclusion, benzamides of 3-aminomethylpyrrolidines including 4-alkyl derivatives exhibited interesting
dopamine receptor binding profiles. The subreceptor selectivity depended on absolute and relative configurations.
Thus, (35)-configuration resulted in remarkable D3 affinity which turned out D3-selective for cis-configured 4-
alkyl derivatives. On the other hand, (3R)-configuration induced strong D2 binding.
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0.  Typical experimental procedure and characterization data: To a suspension of LiAIH, (51 mg, 1.3 mmol)
in Et,O (1.5 ml) at 0°C was added a solution of 5b (5¢) (61.5 mg, 0.31 mmol) in Et,O. After | h the
suspension was allowed to warm up to RT and stirred for 1h. After dropwise addition of aqueous NaHCO,
the mixture was filtered through MgSO,/Celite. The filtrate was evaporated to leave analytically pure 9b
(9¢). For the subsequent coupling 9b (9¢) was dissolved in EtOAc (1 ml) and added to a solution of 10b
(66.8 mg, 0.31 mmol), HOBt (46.0 mg, 0.34 mmol) and DCC (70.3 mg, 0.34 mmol) in EtOAc (1 ml).
After stirring for 16h at RT, the mixture was stored for 24h at 0°C, filtered through Celite and evaporated.
Flash chromatographic purification (silica gel, CH,Cl, / EtOH saturated with NH,; 10:1) provided 1f
(76.9 mg, 62%) (1g, 74%). 9b: '"H NMR (CDCl,, 360 MHz): 8 = 1.05 (d, J=6.9 Hz, 3H, CH,), 1.71 (ddddd,
1=79,79,6.5,5.8, 5.5 Hz, 1H, H-3), 1.86 (dddq, J=7.3, 7.0, 6.5, 6.9 Hz, 1H, H-4), 2.12 (dd, J=9.0, 7.0
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Hz, 1H, H-5b), 2.42 (dd, J=9.5, 5.5 Hz, 1H, H-2a), 2.64 (dd, J=12.3, 7.9 Hz, 1H, CH,NH,), 2.66 (dd, J=9.5,
7.9 Hz, 1H, H-2b), 2.76 (dd, J=12.3, 5.8 Hz, 1H, CH,NH,), 2.80 (dd, J=9.0, 7.3 Hz, 1H, H-5a), 3.52 (d,
J=12.9 Hz, 1H, CH,Ph), 3.62 (d, J=12.9 Hz, 1H, CH,Ph), 7.20-7.35 (m, 5H, arom.). *C NMR (CDCl,, 62.5
MHz): 6 =19.7 (CH,), 36.6 (C-4), 46.3 (CH,NH,), 49.6 (C-3), 58.4 (C-2), 60.6 (CH,Ph), 62.3 (C-5), 126.8,
128.1, 128.7, 139.3 (arom.). NOE: Irradiation of H-3 gave a strong positive enhancement at CH, and H-2b
and a weak positive enhancement at H-5b. Irradiation of H-4 gave a strong positive enhancement at H-5a,
a medium positive enhancement at CH,NH, and a weak positive enhancement at H-2a. Irradiation of CH,
gave a strong positive enhancement to H-3 and H-5b. HRMS (EI) calcd. for C,;H,N, (M"): 204.1626;
Found: 204.1625. 02'= +34.6° (0.5 CHCL,). 9¢: '"H NMR (CDCl,, 360 MHz): 4 = 0.94 (d, J=7.2 Hz, 3H,
CH,), 2.03 (dd, J=9.2, 7.2 Hz, 1H, H-5a), 2.14 (dd, J=8.8, 8.3 Hz, 1H, H-2a), 2.21 (dddd, J=8.6, 8.6, 8.3,
6.5, 5.8 Hz, 1H, H-3), 2.37 (dddq, J=8.6, 7.2, 7.0, 7.2 Hz, 1H, H-4), 2.58 (dd, J=12.2, 8.6 Hz, IH,
CH,NH,), 2.82 (dd, J=12.2, 5.8 Hz, 1H, CH,NH,), 2.98 (dd, J=9.2, 7.0 Hz, 1H, H-5b) 3.00 (dd, J=8.8, 6.5
Hz, 1H, H-2b), 3.60 (s, 2H, CH,Ph), 7.20-7.35 (m, 5H, arom). "C-NMR (CDCl,, 63 MHz): § = 14.3 (CH,),
33.6 (C-4), 42.5 (CH,NH,), 43.8 (C-3), 58.6 (C-2), 60.9 (CH,Ph), 62.4 (C-5), 126.8, 128.2, 128.7, 1394
(arom.). NOE: Irradiation of H-3, H-2a gave a strong positive enhancement at H-4 and H-5b. Irradiation of
H-4 gave a strong positive enhancement at H-3, H5-b, a weak positive enhancement at H-2b. Irradiation of
CH, gave a strong positive enhancement at CH,NH,, H-5a and a weak positive enhancement at H-2a.
HRMS (EI) calcd. for C,H,,N, (M*): 204.1626; Found: 204.1644, ¢¥=+11.0° (0.81 CHCl,). 1f: '"H NMR
(CDCl,, 360 MHz): 6 = 1.03 (d, J=6.7 Hz, 3H, CHCH,), 2.14 (dd, J=9.0, 7.0 Hz, 1H, NCH,), 2.28 (dd,
J=9.2, 6.8 Hz, 1H, NCH,), 2.35-2.53 (m, 2H, CHCHCH,), 2.94 (dd, J=9.0, 7.5 Hz, 1H, NCH,). 2.95 (d,
J=5.2 Hz, 3H, NHCH,), 2.98 (dd, J=9.2, 7.5 Hz, 1H, NCH,), 3.41 (ddd, J=13.4,7.9, 5.2 Hz, |H, NHCH,),
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NCH,Ph), 3.86 (s, 3H, OCH,), 4.70 (q, J=5.2 Hz, 1H, NHCH,), 6.09 (s, 1H, CHCOCH,), 7.20-7.35 (m,
5H, arom.), 7.73 (dd, J=5.2, 5.0 Hz, 1H, NHCH,), 8.08 (s, |H, CHCCI). Anal. calcd. for C,,H,N;0,Cl
(401.9): C 65.74 H 7.02 N 10.45; Found: C 65.55 H 7.20 N 10.45. o3/=-15.9° (1.0, CHCl,). 1g: '"H NMR
(CDCl,, 360 MHz): 6 = 1.08 (d, ]=6.5 Hz, 3H, CHCH,), 1.94-2.05 (m, 2H, CHCHCH,), 2.11 (dd, J=9.0,
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Binding assays were done in 50 mM TrisHC] pH 7.4 buffer supplemented with 1 mM EDTA, 5 mM
MgCl,, 0.1 mM DL-dithiothreitol, 100 pg/ml bacitracin and 5 pg/ml soybean trypsin inhibitor in a final
volume of 200 pul containing the radioligand [*H]SCH 23390 (0.3 nM) for bovine DI receptor or
[*Hlspiperone (0.5 nM) for human D2, D24 D3 or D4.4 receptors, respectively and the compounds
tested at concentrations from 0.01-100 000 nM. Nonspecific binding was measured in the presence of
butaclamol for D1 (1 uM) or haloperidol for D2, D2, D3 and D4.4 (10 uM). Incubation started by
adding membranes with a protein concentration of 40-130 pug/mi was run at 30 °C for 60 min and stopped
by rapid filtration through GF/C filters coated in 0.3 % polyethylenimine, using an automated cell harvester
(Inotech). Filters were washed 5 times ‘with ice-cold 50 mM Tris-HCI pH 7.4 buffer containing 120 mM
NaCl and counted in a MicroBeta TriLux (Wallac ADL).



