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Abstract—Modulation of the metabotropic glutamate subtype 5 (mGluS) receptor may be useful in the treatment of a variety of
central nervous system disorders. Herein, we report on the discovery, synthesis, and biological evaluation of dipyridyl amines as

small molecule mGlu5 antagonists.
© 2005 Elsevier Ltd. All rights reserved.

Glutamate is the primary excitatory neurotransmitter in
the central nervous system (CNS).'?> As such, it per-
forms a critical role in activating modulatory pathways
through G protein-coupled metabotropic glutamate
(mGlu) receptors. Group I mGlu receptors (mGlul
and mGluS) are primarily localized postsynaptically
and are widely distributed in many brain regions, includ-
ing the hippocampus, thalamic nuclei, and spinal cord.
Stimulation of mGlul and mGlu5 leads to phosphoino-
sitide (PI) hydrolysis and elevation of intracellular Ca**
levels via G-protein coupling to phospholipase C.>*
Excessive activation of mGlu5 receptors has been impli-
cated in a number of CNS disorders including pain,>
anxiety and depression,®!! and other neurological
impairments such as drug addiction,'? and Parkinson’s
disease.!? As such, development of a potent and selective
mGlu5 receptor antagonist as a potential therapeutic
agent has been a major impetus for our labs.

Our previous research efforts on mGluS had been fo-
cused on alkyne derivatives such as 3-[(2-methyl-1,3-
thiazol-4-yl)ethynyl]-pyridine (MTEP) which proved to
be a potent and highly selective mGlu5 receptor antago-
nist with in vivo activity in animal models of anxiety.!#
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We recently disclosed the discovery of a new class of
compounds (amides) demonstrating potency and selec-
tivity toward the mGlu5 receptor.!> With an ICsy of
7nM (hmGlu5 Ca®>* flux), 3-hydroxy-6-methyl-N-(6-
methylpyridin-2-yl)pyridine-2-carboxamide (1) was
identified as a potent antagonist.'® Key to this series
potency was the conformational lock provided by one
or two intramolecular hydrogen bonds (Fig. 1). Unfor-
tunately, 1 and compounds of this type suffered from
poor rat pharmacokinetics. In an effort to improve the
overall physical and pharmacokinetic properties, com-
pounds such as 2 were envisioned wherein the amide
bond is replaced with a heteroaromatic ring and the
ether maintains the same hydrogen bonding interaction
with the amine NH. Quite surprisingly, this new com-
pound retained activity in vitro, and represented a new
and novel lead class of mGlu5 receptor antagonists. In
the present communication, a detailed structure—activity
relationship (SAR) of this series will be discussed.
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Figure 1. Transition from the dipyridyl-amide to the dipyridyl amine
series.
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Scheme 1. Reagents and conditions: (a) Pd>dbas;, BINAP, KO'Bu,
toluene, 110 °C; (b) Pd(Ph;P)4, K,COs3, toluene, MeOH, 90 °C.

Table 1. In vitro potency for mGlu5 receptor antagonists™

L1 10
RONTONTY

Compound R R! Ca?* flux?
2 Me OEt 40
3 H OEt 138
4 OMe OEt 556
5 CF; OEt 1900
6 CO,Me OEt 6200
7 Me OH NA
8 Me OMe 458
9 Me n-OPr 1600
10 Me i-OPr 1000
11 Me OBn 870
12 Me SMe 790
13 Me NHEt 3000
14 Me Me NA
15 Me n-Pr 394
16 Me CN NA
17 Me CO,Me NA
18 Me Ph NA
19 Me 3-Pyr NA

NA-—not active at 10 pM.
*hmGlu5 Ca®"ICso nM.

Compounds 2-40 (Tables 1-3) were readily prepared as
outlined in Scheme 1. The same general protocol was
followed to synthesize most compounds. Typically, the
appropriately substituted 2-aminopyridine or aniline
was coupled with a 6-substituted 2-bromopyridine under
palladium catalysis.!® The aminopyridines or anilines
could be fully assembled prior to coupling so that the
end result of the palladium reaction was the final target
compound, or in some cases (where R! or R? = Br), fur-
ther palladium-mediated or SyAr reactions were carried
out post coupling.'®2°

With 2 as the lead, SAR of the first pyridine ring was
conducted (Table 1).2' Similar to the previous amide

Table 2. In vitro potency for mGlu5 receptor antagonists 2, 20-29

ﬁ@f

Compound Y V4 Rl R? R? Ca**flux®
2 N CH OEt H H 40
20 N N OEt H H 497
21 CH N OEt H H NA
22 CH CH OEt H H NA
23 CF CH OMe H H NA
24 N CMe OEt H H 2700
25 N CH OEt H Me NA
26 N CH OEt Br H 47
27 N CH OEt Cl H 17
28 N CH OEt CN H 46
29 N CH OEt Me H 119

NA—not active at 10 uM.
*hmGlu5 Ca** ICsy (nM).

series,'® substitution at C-3 or C-4 led to inactive com-
pounds, while substitution at C-5 resulted in a loss in
potency (not shown). However, C-6 was amenable to

Table 3. In vitro potency for mGlu5 receptor antagonists 31-40

Janen
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H OEt

Compound R? Ca**flux®

30 N /@ 267

NC
31 ]@ 37
X
32 J@ 126
X F

33 \/©/ 513

34 \B 243
35 N \ N\/ 193
36 N \ /\N 12

N
37 N 36
I
38 . 18
/O z N
39 UQ“ 45

40 X N 80
CN

A hmGlu5 Ca?* flux ICsy (nM).



4352 T. M. Kamenecka et al. | Bioorg. Med. Chem. Lett. 15 (2005) 43504353

some modifications. The unsubstituted analog 3 was 3-
fold less potent, whereas larger groups (4-6) led to great-
er losses in potency. With a C-6 methyl group as opti-
mal, the R; groups were varied. Once again, the initial
choice of —~OEt proved optimal as the free phenol (7)
and different alkoxy substitutions (8-11) only led to loss
in potency. Larger groups were also detrimental as —
SMe was worse than -OMe, whereas -NHEt was com-
pletely inactive. Substitution of the oxygen atom with
carbon as in 15 results in a 10-fold drop in potency, rein-
forcing the importance of the intramolecular hydrogen
bond. All other carbon-based substitutions were inactive
(14, 16-19). Oddly, ester 17 can participate in an intra-
molecular hydrogen bonding interaction with the
aminopyridine NH and is of the same tether length as
—OEt, yet is not active. Lastly, substitution on the nitro-
gen atom linking the two aromatic residues (i.e., NMe)
leads to complete loss of activity (not shown).

Further SAR of the second pyridine ring is outlined in Ta-
ble 2. Although installation of a second nitrogen atom in
the ring as in pyrazine 20 leads to a 10-fold drop in poten-
cy, removing the initial nitrogen atom (21), or both het-
eroatoms (22) completely abolishes activity. Attempts to
replace this pyridine ring heteroatom with a bioisosteric
C-F bond (23) also results in complete loss of activity.
Substitution at C-4 (24) or C-6 (25) with a methyl group
was not tolerated resulting in either a large or complete
loss in activity. Fortunately, the last remaining position
on the ring (R,) was amenable to substitution (26-29)
and further SAR was evaluated at this position.

With the dipyridylamine substitution optimized with the
exception of the R,-group, rapid analog synthesis was
carried out to optimize this position. Small groups such
as halogen (26, 27) or CN (28) maintain or slightly im-
prove potency, whereas a large phenyl group (30) results
in a 6-fold loss (Tables 2 and 3). Potency can be recov-
ered by substitution on the aromatic ring especially at
the ortho- and meta-positions (31, 32). Additionally, het-
eroaromatic rings such as 3-pyridyl (36), 3,5-pyrimidyl
(37), and an O-linked 3-pyridyl (38) provide a large
boost in potency relative to phenyl. Unfortunately, these
effects are not additive as 40 was less potent than the two
independent modifications (31 and 36).2°

Table 4. Rat pharmacokinetics of selected mGlu5 receptor antagonists

Compound  Cl, (mL/min/kg) T}/ (h) P %) Wy (L/Kg)
2 16 2.1 11 1.2
3 78 0.8 16 2.9

15 320 1 ND ND

20 102 1 ND ND

28 90 1.6 13 7

32 93 0.5 19 3

35 124 1 0 6.1

36 50 1 38 ND

37 79 0.6 67 2.3

38 52 1.2 ND 3.7

39 105 0.7 8 4.7

ND—not determined.
4 Sprague-Dawley rats.
® Dose: 2 mg/kg iv; 10 mg/kg po.

The pharmacokinetic parameters of representative
examples were measured in rats (Table 4). Generally,
most of the compounds had low to moderate oral bio-
availability and moderate to fast plasma clearances.?’
Several analogs were profiled in rat and human liver
microsomes to investigate in vitro metabolism. Most
compounds were relatively stable with the major metab-
olites arising from hydroxylation of the pyridine rings.?8
Little O-dealkylation was observed. These compounds
are also fairly hydrophobic given their higher log Ds
(3-5). That fact along with their higher volumes of dis-
tribution may help to explain the apparent higher plas-
ma clearance rates.?’

In summary, we have successfully identified a potent
and novel class of mGlu5 receptor antagonists. Com-
pounds such as 2 and 36 are two such examples that
have slightly better pharmacokinetic profiles than their
amide counterparts. Additionally, these dipyridyl
amines may prove to be viable tools for studying the
effects of mGlu5 antagonists in in vivo models of disease
states such as anxiety, pain, and drug addiction.
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The other cyanopyridine isomer was also made and was
also less potent.

Despite rapid plasma clearance in rats several com-
pounds exhibited good to excellent in vivo receptor
occupancy (ro). For example compounds 37 and 38 had
ro’s =79% and 82%, respectively (iv dosing at 10 mg/
kg).

Generally, 60-97% of the parent compound remained
after incubating with rat and human liver microsomes for
1 h.

Additional clearance mechanisms such as Phase II metab-
olism or transporters cannot be ruled out.
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