5550 J. Med. Chem2007,50, 5550-5553

Discovery of Orally Efficacious Tetracyclic @
Metabotropic Glutamate Receptor 1 (mGIluR1)
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Abstract: Metabotropic glutamate receptor 1 (mGIuR1) plays important . 5 0r G-membered rings
roles in the neurotransmission and pathogenesis of several neurological K NH N
disorders, including chronic pain. Antagonists of mGlurl are suggested Z\%\?N@
to be useful for the treatment of pain. Herein, we report the discovery N"Ng { X

of a novel series of tetracyclic mGIuR1 antagonists, sucB3asand
23e with oral efficacy of ERy of 8 and 5.1 mg/kg, respectively, in rat
spinal nerve ligation neuropathic pain model.

Figure 2. Lead compound and design of the tetracyclic analogues.

) ) ) ) ) demethylation and O-demethylation in a rapid rat pharmaco-
Glutamate is the major excitatory neurotransmitter in the inetic study (AUG_gn = 1927 nMh, AUCy_gn (M-14) = 1337
mammalian central nervous system. Glutamate synaptic re-nM-h), after oral administration at a dosage of 10 mg/kg. In
sponses in the central nervous system are mediated via activatioghe current investigation, we endeavored to improve the
of two families of receptors: ionotropic glutamate receptors and metabolic stability of this compound class and ultimately to
metabotropic glutamate receptors (mGIuRs). The G-protein- 5chieve novel and potent mGIuR1 antagonists. As depicted in
coupled mGlu receptors are divided into three different groups, Figure 2, our design strategy was based on an observation that
group | (MGIuR1 and mGIuRS5), group Il (MGIUR2 and promides (h-mGIuR1 IGo = 5.9 nM) was equipotent with lead
mMGIuR3), and group Ill (MGluR4, mGIuR7 and mGIuR8), based 58 conformational restriction imposed by connecting the two
on structural homology, pharmacology, and signal transduction gy bstituents to form a five-membered or six-membered hetero-
mechanism3.Group | receptors (NGIUR1 and MGIURS) play & cycle fused to the pyridine ring led to novel tetracyclic
key role in the central sensitization of pain, in addition to @ analogues. In so doing, the metabolically labile dimethylamino
variety of functions with potential implications in neurological group was replaced with a series of heterocycles.
and psychiatric disordefsA number of behavioral and elec- The synthesis of the pyrrolo analogukka—c is outlined in
trophysiological studies have demonstrated a specific role for gcheme 1. Treatment Gfa’® with ammonium acetate gave
group | mGIuRs, and in particular mGIuR1 receptors, in 4_gmino compoun@a, which was converted to its bromi@a.®
nociceptive processing in the CNS, including mechanisms of pgjjadium-mediated cross-coupling reactiordafand ethoxy-
hyperalgesia and inflammatidThe intrinsic activation of spinal vinyltributyltin provided 10a, which was subsequently hydro-
mGIuR1 in chronic nociception has been demonstrated using lyzed to furnishl1a® The corresponding 4-methoxy analogue
antagonists, antibodies, and antisense oligonucleotides. Intra-1cwas prepared in a similar way. The synthesisLbb was
thecal administration of an mGIuR1 antagonist produced anti- achieved by a modified approach. Cross-coupling reaction of
nociceptive effects in the second phase of formalin-induced gy and allyltributyltin gavel Ob;1* subsequent oxidative cleavage
nociceptive behaviot.There is mounting evidence to suggest produced an aldehyde intermediate, which spontaneously formed
use of mGIuR1 antagonists for the treatment of chronic pain. 11y,
Several groups have reported a variety of structurally diverse Compoundsl4a and 14b were prepared via the syntheses
MGIUR1 antagonists, such ds(LY 456066)7* 2,°* 3 (INJ gepicted in Scheme 2. Nitration &2 7vin refluxing TFA took
16259685)° 4 (A-841720)%" and other small moleculés!  piace selectively on the pyridine ring, yieldiga and 13b.
Particularly, the publication of tricyclie4, derived from a The exact mechanism of the N-demethylation is not clear. Under
strikingly similar lead series as ours, from Abbott laboratories, prolonged heating, the reaction proceeded to completion,
prompted us to disclose our novel tetracyclic mGIuR1 antago- yie|ding 13aalmost exclusively? Subsequent reduction of the
nists. . ) o nitro groups of13a and 13b followed by ring closure led to
Our lead compoung (Figure 2), which originated from the 144 and 14b, respectively.
public domain’ emerged as a potent mGluR1 antagonist in The indazole analogue8a and 18b were synthesized
our screening prograrf?.Despite its favorable overall pharma- ilizing intermediate7a and 7b as scaffoldg® respectively,
cological properties, it was deemed unsuitable as a.clinical as illustrated in Scheme 3. Removal of the Me group7bf
candidate. Moreover, it proved to undergo extensive N- gaye 4-hydroxypyridind5b; bromination followed by replace-
E— p I o (908) 740 ment of the hydroxyl group with chloro substituent afforded
> To whom correspandence should be addressed. Phone: “16b.13 Exchange of the bromo substituent to a vinyl group was
65?5s'cﬁaeﬁ'né?gﬁ)u;ﬁ%@i‘;fgTn"’,‘s'{;tu“t”ee, s @speorp.com. achieved by a cross-coupling reaction. Oxidative cleavage of
* Schering-Plough Research Institute, Italy. the vinyl group provided an aldehyde intermediate, which was
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Scheme 1
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Scheme 8

16a X = Me
16¢ X = OMe

22aX=Me,R=H
22b X = Me, R = 3(R)-Me
22¢ X=OMe, R=H

22d X = OMe, R = 3(R)-Me
22e X=CI,R=H

22f X = Cl, R = 2(R)-Me
22g X = Cl, R = 2(S)-Me
22h X = CI, R = 3(S)-Me
22 X = Cl, R = 3(R)-Me

23aX=Me,R=H
23b X = Me, R = 3(R)-Me
23¢ X=0OMe, R=H

23d X = OMe, R = 3(R)-Me
23eX=Cl,R=H

23f X = Cl, R = 2(R)-Me
23g X = Cl, R = 2(S)-Me
23h X = CI, R = 3(S)-Me
23i X = Cl, R = 3(R)-Me

aReagents and conditions: (a) hydroxyethylamine, MeCN, 4001

10aX=Me 100 ax=Me day, 80% R2¢); (b) Pd(OAc), racemic 2-(ditert-butylphosphino)-1,%
- 11c X = OMe binaphthyl, CsCG;, toluene, 125C, 20 h, 37% 236.

aReagents and conditions: (a) BAc, 130°C, neat,~60% Ba); (b)

Br,, AcOH, 87% Qa); (c) ethoxyvinyltributyltin, Pd(PP4., DIEA, 180 Table 1. In Vitro Biological Data

°C_(microwave), 2_0 min; (d) allyltributyltin, Pd(PBJa, DIEA, 175 °C ICso (NM)20
(microwave), 30 min, 37%10b); (e) HCI, THF, 51% 9c—110); (f) OsQs
(cat.), NMO, 29%; (g) Nal@ H,0, 86%. compd mGIuR1 mGIuR5 ra€; (nM)ac
5 9.5 10000 7.9
Scheme 2 11a 0.7 >1000 16.9
N(CHa), ON NHR Né\NR 11b 04 1.7% 2.4
ff(ﬁ? a Zﬁ}(ﬁ? b,c Zﬁ}ﬂ? 11c 4.9 >10000 28.6
aw — &/ N — L/ N l4a 6.0 —1.7% 10.8
Ve Oa Ve Om Ve Ou 14b 9.8 0.15% 103.5
1 aRom . 18a 16.8 5% 17.8
130 R = Me 14b R = Me 18b 37.6 —12% 19.6
aReagents and conditions: (a) HNOFA, reflux, 8 h, 75% 134); or 19 541 _19% 1000
1 h, 31% (3b); (b) SNCh, HCI; (c) HCOOH, 0-xylene, heat, 9%14a); 20 636 —2% 788
70% (14b) in two steps. 21 446 —8% 1000
23a 2.2 702 0.5
Scheme 3 23b 5.3 609 0.6
23c 25 >1000 1.0
- , oy L NN 23d 2.4 >1000 0.3
. =\ u =\ LAY =\ 23e 2.9 >1000 0.4
) — / )
Q—J\\(”QX QX\\(”OX Z:(SK\\("OX 23f 24.4 >1000 9.1
° ° ° 23g 12 >1000 0.5
taaxote 23 22 >1000 15
23i 1.4 >1000 0.2

aThe 1Gp andK; data are an average of at least three measurements,
performed on human mGlul/5 and rat mGlul receptors, respectively. The
standard error was 10%, and variability was less than 2-fold from assay to
assayP Data for inhibition of radioligand binding. % indicates percent
inhibition at 1uM. ¢ See ref 19.

17a X =Me
17b X=Cl

18a X = Me
18b X =Cl

aReagents and conditions: (a) BBDCM, —78 °C, 78% (5a) (b)
Bry, AcOH, room temp; (c) POG| reflux, 94% (@6b, in two-step); (d)
vinyltributyltin, Pd(PPh)4, DIEA, microwave, 140°C, 40 min, 37%; (e)
OsQ (cat.), NalQ, 68%; (f) NH:NHj, t-BuOH, 70°C, 23%.

The morpholine analoguez3a—i were prepared according
to Scheme 5. Compouribb was treated with hydroxylamine
to give intermediate22b (R = H) in high yield. Subsequent
intramolecular G-O bond formation under Buchwald conditions
led to analogue23e (X = Cl, R = H).16 Related morpholino
analogue®3 were obtained using analogous chemistry.

The above-mentioned tetracyclic analogues were assayed on
human and mGlul receptor in a FLIPR assay and in a rat
receptor binding assay,and the data are summarized in Table
1.

The three pyrrolo analogue$ia—c) are all very potent and
selective mGIuR1 antagonists. Encouraged by this initial suc-
cess, we next examined other isosteric five-membered hetero-
cycles. As revealed in Table 1, imidazole analofjdaexhibited
potency comparable to leasl though 15-fold less than the
corresponding pyrrolo compourd b. Interestingly, its N-Me
derivative 14b retained similar human mGIuR1 potency but
much less rat mGIuR1 activity. The two indazole analog8a (
and 18b) displayed reduced mGIuR1 activity by severalfold,
suggesting the 2-position had limited tolerance. Indeed, large
substituents as i9—21 resulted in dramatic loss of mGIluR1
potency.

It was increasingly apparent that all the flat fused tetracyclic
analogues mentioned above have poor water solubility, presum-
ably driven by intermolecular-stacking of the flat aromatic

Scheme 4
S
Br.  NH . S)LNH N
— Q\ a — Q\ b
N/ 7\ N — SN /W N -
9a 19
MeS o]
S)§N s)kNH
N / \ N — &N/ N
N"Ng S ©\ N b \©\
20 21

a Reagents and conditions: (a) potassium xanthate, DMF;@604%;

(b) K2CO;3, Mel, DMF, room temp, 76%; (c) NaOMe, DMF, room temp,
48%.

treated with hydrazine to furnish8b.* Compound18a was
prepared accordingly.

The syntheses df9—21 are shown in Scheme 4. Heatifig
with potassium xanthate affordd®, which in turn was easily
methylated to give20. Finally, hydrolysis 0f20 was effected
by treatment with sodium methoxide in DMF to furnigh.'®
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Table 2. PK Profile and in Vivo Activity of Selected Compounds

AUCo-6n Tmax Crax rat SNL rat SNL
compd  (nM-h) ()2 (nM)2 PWT (gf MPE (%)
5 1927 0.5 564 13.21.3 87+9
1la 35 0.5 71
11b 18 0.5 37
1lc 1325 2 394 6.6t 2.3 39+ 16
23a 7 1 70
23c 1563 2 467 8516 50+ 12
23e 366 1 198 11.81.6 73+ 13
23h 8434 2 2046 7.#15 44+ 12
23i 5187 0.5 1425 102 1.6 68+ 12

aData are from pooled samples from two rats< 2, dosed at 10 mg/
kg, po) in cassette-accelerated rapid rat protocol as described in ref 18.
bData are the meas SE from 8 to 10 rats dosed at 10 mg/kg, po, and
they are expressed as paw withdrawal threshold (PWT, g). MPE (maximal
percentage of effect) was also reported. For all experimental details see ref
19.

tetracycles. Therefore, we switched our attention to nonaromatic
six-membered ring systems as exemplified23a—i. Initially,
morpholine analogu23awas found to be a very potent mGluR1
antagonist (IGo = 2.2 nM). Further isosteric replacement of
4-Me of the right-hand phenyl ring with 4-Cl and 4-MeO
generated23c and 23g with approximately equal potency
against mGlul receptors. Anticipating that substituents on the
morpholine ring would attenuate potential metabolism of the
methylene sites and also reduce #hstacking, we next prepared
four methyl-substituted analogu&3f—i from commercially
available enantiomerically pure amino alcohols. As shown in
Table 1, 3-Me substituted analogu23h and 23i were more
potent than their 2-Me countpar®3f and 22g respectively;

for 2-Me and 3-Me substituted series, thiésomers 23g, 23i)
were 2-fold more potent than their correspondsigomers 23f,
23h). We also examined two Bf-Me substituted analogu@8b
and23d, both of which showed single-digit nanomolar human
mGIuR1 potency. It is noteworthy that most of the morpholine
analogues exhibited subnanomdtavalues against rat mGlul
receptors. As shown in Table 1, all the tetracycles demonstrated
high selectivity against human mGlu5 receptors.

Having achieved potent and selective mGIuR1 anatagonists,
we chose several compounds for pharmacokinetic (PK) inves-
tigations in rats® The PK profiles are exhibited in Table 2.

To improve the overall pharmacokinetic properties, we aimed
to eliminate the metabolically unstable dimethylamino substitu-
ent. As shown in Table 2, the area under curves (AUCs) of
pyrrolo compoundslla and 11b, free of the dimethylamino
groups, were very low, likely results of their poor absorption.
Compoundllc bearing a polap-MeO phenyl group, had
moderate plasma AUC. The AUC of morpholi@8a did not
improve, consistent with observation of the PK of other
analogues bearing @tolyl substituent (data not shown here).
However,23cand23edisplayed improved AUCs compared to
23a

As expected, introduction of methyl substituents on the
morpholine ring, such a&3h and23i, conferred an advantage
over their parenR3e The significantly improved AUCs may
be attributed, at least partially, to less metabolism and/or better
absorption. In contrast to the flat five-membered counterparts,

these morpholine rings are not aromatic and cannot be metabo-

lized to aromatics. As a result, the morpholine analogues have
lessz-stacking and thereby greater water solubility.
Compoundsl1lcand23ceh,i) have been chosen for further
study in the rat spinal nerve ligation neuropathic pain model
(SNL model)*® While 11cexhibited modest in vivo potency in
SNL (39% reversal at 10 mg/kg23c and 23e demonstrated
strong activity, with ERo of 8 (95% confidence interval of 2-6

Letters

24) and 5.1 (95% confidence interval of 6.28.2) mg/kg.
Compound£23hand23i also showed significant activity at dose
of 10 mg/kg (the Elg values were not determined).

In summary, using heterocycles as surrogates for the meta-
bolically labile dimethylamino group of the leds we have
succeeded in the identification of three distinctive types of
tetracyclic mGIuR1 antagonists, namely, indolds—c, imi-
dazole1l4a and morpholine analogueg3a—i. Among them,
especially remarkable are the mopholine analogues with im-
proved pharmacokinetic profile23h and 23i) and excellent
in vivo activity in rat SNL model 23c and 23e). The high
potency and subtype selectivities, combined with pronounced
oral efficacy, rendered these mGluR1 antagonists valuable tools
for in vivo proof of principle animal studies in neuropathic pain.
Further investigation will be reported in due course.
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