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Abstract—A novel series of benzimidazole-2-carboxamide derivatives was prepared and identified as NR2B selective NMDA recep-
tor antagonists. The influence of some structural elements, like H-bond donor groups placed on the benzimidazole skeleton and the
substitution pattern of the piperidine ring, on the biological activity was studied. Compound 6a showed excellent analgetic activity

in the mouse formalin test following po administration.
© 2006 Elsevier Ltd. All rights reserved.

The NR2B subunit containing NMDA receptors became
thoroughly studied targets in a wide range of CNS pathol-
ogies including chronic pain states.! Numerous structur-
ally diverse antagonists of these receptors have been
reported and have recently been reviewed as well.>* An
important class of the NR2B subtype selective NMDA
receptor antagonists can be characterised as an H-bond
donor moiety containing benzene ring connected to the
nitrogen of a 4-benzylpiperidine via a three-atom long
spacer, such as Ro 25-6981° and CI-1041.°
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Researchers at Merck have recently reported a series of
benzimidazole derivatives. The screening of their com-
pound library led to the identification of the benzimid-
azole derivative 1 with modest NR2B activity. On the
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basis of this lead, 2 and 3 were designed by adding the
5(6)-MsNH and 5(6)-OH hydrogen-bond-donating sub-
stituents, that showed excellent in vitro and in vivo

activity.”
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1Q=H; 2Q=MsNH; 3Q=0H

Their publication prompted us to report on our own re-
sults achieved in the field of NR2B selective NMDA
antagonist benzimidazole-2-carboxamides.
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Cinnamide derivatives were the first NR2B subtype-se-
lective NMDA receptor antagonists which did not con-
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tain basic N.® Piperidine-based cinnamide 4 was selected
from this family as starting point of our research. In an
earlier publication we verified our hypothesis that poten-
cy may be enhanced by increasing the rigidity of cinna-
mide moiety. Incorporation of an NH group between
the o carbon atom and the benzene ring of the cinnamic
acid part led to the 6-hydroxy-indole-2-carboxamide (5),
with more than 6-fold higher potency.” Encouraged by
this result, we decided to explore other heterobicyclic
systems. Replacing of the indole skeleton in compound
5 with the potentially bioequivalent benzimidazole
ring-system resulted in a more active compound (6a),
so we decided to prepare a series of benzimidazole-2-
carboxamides.

Synthesis of targeted compounds 6a-9 is shown in
Scheme 1. Acylation of the corresponding o-nitro-ani-
lines 10-12 with ethyl chlorooxoacetate under basic con-
ditions (Et;N/CH,Cl,), followed by amidation with »n-
butylamine, afforded the oxalic acid diamides 16-18.
Reduction of their nitro groups and debenzylation of
17 at the same time gave the phenylenediamines 19-21.
The benzimidazole ring was obtained by thermal con-
densation of 19-21. Hydrolysis of amides 22-24, simulta-
neous demethylation of 22 and nitration of 27 readily
produced the corresponding substituted benzimidazole-
2-carboxylic acids 25-28, which were coupled with vari-
ous piperidine derivatives to give the desired compounds
6a-7, 29. Nitrobenzimidazole-carboxamide 29 was trans-
formed via the amine derivative 8 to methanesulfona-
mide 9 with standard procedures. For the preparation
of 4-(substituted- benzyl)plperldmes a recently published
procedure was used.'” The IR, '"H NMR, '*C NMR and
MS spectra for all intermediates and final compounds
were consistent with the assigned structures. Purity of
the samples was checked by HPLC and HRMS analysis.

Biological activity of the prepared compounds was mea-

sured in a binding assay on rat forebrain membrane
using tritiated Ro 25-6981 as radioligand>!"!? and in
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a functional assay where the 1nh1b1t10n of NMDA-
evoked increase of intracellular Ca®* level was deter-
mined on rat cortical cell culture. Baseline and
NMDA -evoked changes of intracellular Ca** Jwere mon-
itored by fluorimetric method using a Ca®*-selective
fluorescent dye (Fluo-4/AM) and a plate reader fluorim-
eter.!? The results of the functional assay for selected
compounds are summarized in Table 1. Selectivity to-
wards NR2A subunit containing NMDA receptors
was tested by the same functional assay using cells
expressing recombinant NR1/NR2A receptors and none
of the compounds exhibited significant activity up to
15 uM concentration. 6a was selected for further exam-
ination of selectivity towards other NR2 subunit con-
taining NMDA receptors. 6a up to 10uM
concentration did not inhibit (inh. <20%) NMDA
evoked current in NR1/NR2A and NR1/NR2D trans-
fected cells measured by standard patch clamp tech-
nique.'* In vivo analgesic activity was tested in the
mouse formalin test,'>!'® a model of persistent pain.

Majority of  5(6)-OH-benzimidazole-2-carboxamide
derivatives showed excellent activities. Surprisingly
modifications of Y and Z did not influence significantly
the potency of compounds. The meta (6d—6f) and para
(6b, 6¢) position of Z substituents resulted in nearly
equipotent compounds, even the ortho (6g) position
was well tolerated. A slightly reduced potency could
be observed in case of para Me (6¢) and meta F (6d)
derivatives. The phenoxy-piperidines (6h—6j) were the
most effective compounds of the series. Replacement
of OH group by NH, (8) led to loss of activity, whereas
the corresponding mesylamino derivative (9) showed
high activity. ICso value of 9 was 6-fold lower than that
of 2 while having the same affinity towards NR2B recep-
tors. The 4(7)-OH isomer of 6a (7) was practically equi-
potent with it.

Compound 6a had the best oral efficacy in formalin test
(EDsp: 1.6 mg/kg po).
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Scheme 1. Reagents and conditions: (i) CICOCOOEt, Et;N, CH,Cl,, 0 °C—rt; (ii) n-BuNH,, toluene, rt, 10 h; (iii) H,, 10% Pd/C, MeOH, rt; (iv)
240 °C, 10 min; (v) 48% HBr, reflux, 48 h; (vi) H,SO4~HNOj; (vii) 4-substituted piperidine, HBTU, Et;N, DMF; (viii) MesCl, pyridine, CH,Cl,,

0 °C-rt.
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Table 1. Receptor binding and functional assay results for compounds 6a-9

Compound X Y z Mp (°C) NMDA-evoked A[Ca>*]*® ICs, (nM) n [*HJRo 25-6981 n
binding® ICs,
(nM)
6a 5(6)-OH CH, H 90-92 22+04 4 4 2
6b 5(6)-OH CH, 4-F 99-100 1.2 5 4 2
6c 5(6)-OH CH, 4-Me 158-160 8.7+ 1.0 5 44+12 3
6d 5(6)-OH CH, 3-F 92-94 6.0%1.1 3 52+19 3
6e 5(6)-OH CH, 3-Me 95-96 24+0.5 4 5 2
of 5(6)-OH CH, 3-MeO 86-87 25%0.6 3 32+ 1.1 3
6g 5(6)-OH CH, 2-Me 74-76 120+28 10 8.4 2
6h 5(6)-OH o} 4-Me 115-117 1.1+0.2 4 3 2
6i 5(6)-OH o} 4-Cl 194-195 1.7+04 6 14 2
6i 5(6)-OH o} 4-F 147-151 29%0.6 3 6 2
7 4(7)-0H CH, H 165-166 3.0+0.4 4 10+4 3
8 5(6)-NH, CH, H 74-75 40+ 0.4 3 143 2
9 5(6)-MsNH CH, H 222-223 13%02 4 3 2
2 8.6+ 1.7 5 35+ 1.1 3
4 191 % 10 2 196 + 43 3
5 18 + 4 2 1242 3
Ro 25-6981 159 +29 3 6+1 3
CI-1041 6.6%12 3 4+1 3

#Values represent means + SEM. The number of experiments (n) is indicated.
®NMDA-evoked changes of intracellular Ca>*.

In summary, a series of new benzimidazole-2-carboxam-

ide
and

derivatives were prepared and found to be potent
selective antagonists of the NR2B subtype of

NMDA receptors. Modifications of Y and Z (6a—6j),
transfer of the OH group from the 5(6) position to the

A7)
mes

position and replacement of phenolic OH with
ylamino group did not influence significantly the

activity of the compounds. Results of further SAR stud-
ies and detailed biological data will be published under
separate cover.
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Peak effect of pain-related behaviour (licking/biting of
paw) elicited by formalin injection in mice 20-25 min post-
formalin was measured. Inhibition of this late phase
response is considered as analgesic effect against chemi-
cally induced persistent pain.Fasted male NMRI mice
(20-25 g, Charles River Hungary) were po treated with
vehicle (5% Tween 80) or test drugs (in dose-range:
6a = 0.5-8 mg/kg, 6¢c = 2-32 mg/kg) 15 min pre-formalin.
Then 20 ml of 1% formalin was s.c. injected into the right
hindpaw. Animals were visually observed in an open glass
cylinder.Percent decrease in licking time was determined
for each dose in comparison with the daily vehicle-treated
groups. Statistical significance was tested by Mann—
Whitney U-test. EDsy values were calculated by Boltz-
mann’s sigmoidal fitting.
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