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Optimization of the lead 2a led to the identification of a novel diarylketoxime class of melanin-concen-
trating hormone 1 receptor (MCH-1R) antagonists. Our focus was directed toward improvement of hERG
activity and metabolic stability. The representative derivative 4b showed potent and dose-dependent
body weight reduction in diet-induced obese (DIO) C57BL/6] mice after oral administration. The synthesis
and structure-activity relationships of the novel diarylketoxime MCH-1R antagonists are described.

© 2009 Elsevier Ltd. All rights reserved.

Melanin-concentrating hormone (MCH) is a cyclic 19-amino
acid polypeptide that is expressed predominantly in the lateral
hypothalamus (LH). The LH is a region of the brain involved in
the regulation of feeding, the neuroendocrine axis, and thermogen-
esis. Several lines of investigation suggest that MCH is an impor-
tant mediator of energy homeostasis. Mice lacking prepro-MCH
are lean, hypophagic, and have an elevated metabolic rate.! Con-
versely, prepro-MCH overexpression in mice results in a greater
susceptibility to obesity.2 Furthermore, overexpression of MCH
mRNA has been found in obese rodents, such as ob/ob, db/db,
and Ay/a mice.>”> Exogenous administration of MCH stimulates
food intake,® and chronic ICV infusion of the MCH”® or a related
MCH-1R agonist® produces obesity with hyperphagia. Even when
pair-feeding is employed to prevent hyperphagia, ICV infusion of
MCH still produces anabolic changes.!® The effects of MCH are
mediated through G protein-coupled receptors located in the
CNS, and thus far two receptor subtypes, MCH-1R and MCH-2R,
have been identified.'’~'* Since rodents possess only MCH-1R, all
pharmacological effects of MCH in rodents are likely mediated
via MCH-1R.'> Recently, peptide and non-peptidic MCH-1R antag-
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onists have been developed; both antagonists produced anti-obese
effects in diet-induced obese (DIO) rats.>!®!7 Collectively, these
data indicate that MCH-1R is an important regulator of energy
homeostasis, and suggest that it may play an important role in
the development of obesity. Hence, MCH antagonists could be
effective therapeutic agents for the treatment of obesity. Currently,
GW856464,'8 AMG-076" and NGD-4715%° have entered clinical
trials for the treatment of obesity. Our group recently disclosed
highly potent and selective MCH-1R antagonists 1a and 1b, which
feature a unique spiro-piperidine structure with a propyl amide
linkage. In these reports, compound 1a was shown to display ex-
tremely potent binding affinity (ICso=0.09 nM at the human
MCH-1R (hMCH-1R)), and [3®S]-1b was shown to be a useful radi-
oligand for ex vivo receptor occupancy studies (Fig. 1).2!? Issues
associated with developing clinical candidates from these leads
were metabolic stability?>?* and P-gp susceptibility.2> In order to
address these issues, smaller and conformationally rigid leads were
desired. Compound 2a, which has an ICsq value of 3.5 nM at hMCH-
1R, was designed based on our spiro-structure in 1a and the diflu-
orophenoxyphenyl structure in the Synaptic’s compound 1c
(Fig. 1).2527 The molecular weight of 2a is substantially reduced
(MW =425) relative to 1a (MW =531). Issues associated with 2a
are its human ether-a-go-go related gene (hERG) K* channel activ-
ity (ICsp = 24 nM) and poor microsomal stability. In this report, we
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Figure 1. Design of lead 2a from compounds 1a-c.

describe further optimization of lead 2a and the discovery of the

The synthesis of compounds described herein is outlined in
orally active derivative 4b that exhibits reduced hERG activity.

Schemes 1-3. Compounds 2a-f were prepared as shown in Scheme
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Scheme 1. Preparation of diaryl derivatives 2a-f. Reagents and conditions: (a) 3,4-difluorophenol, K;COs, DMA, 155 °C, 17 h, 70%; (b) amine A, Et3N, Zn(BH3CN),, THF-MeOH,
rt, 17 h, 86%; (c) 0.5 M 3,4-difluorophenylmagnesium bromide in THF, FeCl,, THF, —10 °C, 1 h, then NaBHy, EtOH, rt, 17 h, 63%; (d) (i) NaH, Mel, THF, 0 °C—rt, 17 h; (ii) 1 N HCI
aq, rt, 20 min; (iii) amine A, EtsN, Zn(BH3CN),, THF-MeOH, rt, 17 h, 2¢ (49% over three steps), 2b (4% over three steps); (e) Me(MeO)NH-HCI, EDCI-HCI, HOBt-H,0, Et5N, CHCl3,
rt, 17 h, 99%; (f) 2-[(4-bromobenzyl)oxy]tetrahydro-2H-pyran, n-BuLi, THF-hexane, —78°C, 1 h, then 9, —78°C, 1h, 0°C, 1h, 10a (49%); (g) 2-bromo-5-(1-{[tert-
butyl(dimethyl)silyl]oxy}ethyl)pyridine, n-BulLi, toluene-hexane, —78 °C, 2 h, then 9, —78 °C, 1 h, 0 °C, 18 h, 10b (65%); (h) p-TsOH-H,0, MeOH, rt, 5.5 h, 11a (92%); (i) TBAF,

THF, 0 °C, 30 min, 11b (68%); (j) (i) MsCl, Et3N, EtOAc, 0 °C, 20 min; (ii) amine A, Et3N, CHCl;3, rt, 3 h, 66% over two steps; (k) NaBH4, MeOH, 0 °C, 10 min, 78%; (1) 1.0 M MeMgBr
in THF, 0°C, 1 h, rt, 1 h, 79%.
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Scheme 2. Synthesis of the oxime derivatives 2g, 2h, 3a, 3b and 4b. Reagents and conditions: (a) HONH,-HCl, pyridine, rt, 17 h, 2g (51%), 2h (33%); (b) MeONH,-HCl, pyridine,
rt, 17 h, 3a (40%), anti-3a (29%); (c) (i) EtONH,-HCl, pyridine, rt, 11 h; (ii) separation by HPLC (CHIRALPAK AD-H, hexanes/EtOH/Et,NH = 80/20/0.05), 3b (38%, the second-
eluted isomer), anti-3b (29%, the first-eluted isomer); (d) (i) MsCl, Et3N, EtOAc, 0 °C, 20 min; (ii) amine B, EtsN, CHCl3, rt, 17 h, 83% over two steps; (e) (i) EEONH,-HCI,
pyridine, rt, 6 h; (ii) separation by HPLC (CHIRALPAK AD-H, hexanes/EtOH/Et,NH = 60/40/0.04), 4b (50%, the first-eluted isomer), anti-4b (22%, the second-eluted isomer).
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Scheme 3. Stereo-selective synthesis of the oxime derivatives 3c, 4a and 4b. Reagents and conditions: (a) KOH (1.0 equiv), MeOH, rt, 7 h, 82%; (b) (i) SOCl,, 90 °C, 3 h; (ii)
EtONH,-HCl, Et3N, CHCl3, rt, 14 h, 85% over two steps; (c) PhsP, CBry4, CH3CN, 90 °C, 72 h, 59% ((Z)-configuration only); (d) 3,4-difluorophenylboronic acid, Pd(OAc), (12 mol %),
PhsP (24 mol %), NaHCOs aq, toluene, 80 °C, 48 h, 93%; (e) LiAlH4, THF, —78 °C, 1 h, 96% (syn/anti: >95/<5); (f) (i) MsCl, N,N-diisopropylethylamine, EtOAc, 0 °C, 30 min; (ii)
amines A, B or C, N,N-diisopropylethylamine, CHCls, rt, 5-17 h, 45-68% over two steps.

1. 4-Fluorobenzaldehyde 4 was substituted with 3,4-difluorophe-
nol to give phenoxybenzaldehyde 5 following the known proce-
dure.?® The derivative 2a was obtained by reductive amination of
the aldehyde 5 with the spiro-amine A.2° 3,4-Difluorophenylmag-
nesium bromide was reacted with the nitro group of 63 followed
by reduction using iron dichloride and sodium borohydride to af-
ford aniline 7.3" N-Methylation of aniline 7 failed to go to comple-
tion and gave a mixture of unreacted starting 7 and the desired

methylated product. This mixture was subjected to the subsequent
reactions to give a mixture of 2b and 2c which were isolated by
PTLC. Commercially available carboxylic acid 8 was converted to
the corresponding Weinreb amide 9, which was reacted with the
anions generated from 2-[(4-bromobenzyl)oxy]tetrahydro-2H-
pyran or 2-bromo-5-(1-{[tert-butyl(dimethyl)silyl]oxy}ethyl)pyri-
dine®*? with n-Buli to give benzophenones 10a,b. Deprotection of
the protecting group of 10a,b gave alcohols 11a,b. The hydroxyl
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Table 1
Human MCH-1R and hERG binding activity of the diaryl derivatives 2a-h*

Compound X hMCH-1R® (ICsp, nM) hERGS (ICso, nM)
2a (6] 3.5 24
2b NH 4.6 23
2¢c NMe 13 25
2d (racemate) CHOH 6.3 520
2e (racemate) C(OH)Me 2.6 530
2f =0 14 17
2g (syn-oxime) C=N-OH 0.26 310
2h (anti-oxime) C=N-OH 1.2 280

2 The values are the means of two experiments.
" Inhibition of ['?*I]MCH binding to hMCH-1R in CHO cells.
¢ Inhibition of [**S]MK-499 binding to hERG K* channel in HEK293 cells.

Table 2
Human MCH-1R and hERG binding activity of compounds 2g, 3a-c*

X
P
F ‘ Y 2
N 3
Q
R1
syn-oxime
Compound R' Y hMCH-1R® (ICso, nM) hERGS (ICs0, nM)
2g (syn-oxime) H CH 0.26 310
3a (syn-oxime) Me CH 0.22 250
3b (syn-oxime) Et CH 0.12 140
3c (syn-oxime) Et N 0.35 1790

2 The values are the means of two experiments.
" Inhibition of ['?*I]MCH binding to hMCH-1R in CHO cells.
¢ Inhibition of [**S]MK-499 binding to hERG K* channel in HEK293 cells.

group of 11a was mesylated and displaced by the spiro-piperidine
A to afford 2f. Ketone 2f was reduced with sodium borohydride to
give 2d. Treatment of 2f with methylmagnesium bromide fur-
nished 2e. The oxime derivatives 2g, 2h, 3a, 3b and 4b were syn-
thesized as depicted in Scheme 2. Oxime formation of
benzophenone 2f with alkoxy amines (RONH,-HCI, R = H, Me, Et)
proceeded smoothly, and the resultant geometric isomers were
separated by PTLC or chiral HPLC. Herein, syn- and anti-oximes
are defined by the orientation of the N-O bond of the oxime and
the difluorophenyl ring. When these two groups are on the same
side, the isomer is named a syn-oxime (Scheme 2). In all cases,
syn-oximes 2g, 3a and 3b were preferentially formed and the
geometry of the oxime group was determined by NOE.>3 The ethyl
oxime derivatives (4b and anti-4b) containing the spiro-pyridone
structure were prepared in the same manner.>>>* Next, we devel-
oped a stereo-selective synthesis of the syn-oxime derivatives by
stereo-controlled palladium coupling between an imidoyl bromide
and an arylboronic acid as outlined in Scheme 3. Using this syn-
thetic route, syn-oximes 3c, 4a and 4b were prepared with high
stereo-selectivity (syn-/anti-oxime: >95/<5). Potassium carboxyl-
ate 14°° derived from pyridine dimethylcarboxylate 13 was acti-
vated with thionyl chloride followed by the treatment with
ethoxy amine to give ethoxy amide 15 in 85% yield. The amide
15 was treated with triphenylphosphine and carbon tetrabromide
to afford (Z)-imidoyl bromide 16 exclusively.>6-3° (Z)-Imidoyl bro-

mide 16 was effectively coupled with 3,4-difluorophenylboronic
acid in the presence of palladium acetate (II) to afford ethyl oxime
17, which was reduced to primary alcohol 18 (syn-/anti-oxime:
>95/<5). Finally, the hydroxyl group of 18 was mesylated and dis-
placed by the spiro-piperidines A, B and C** to give 3¢, 4a and 4b
respectively.4°

The linkage (X) between the two phenyl rings was screened (Ta-
ble 1). The aniline derivative 2b was equipotent to 2a, and the N-
methyl aniline derivative 2c showed increased hMCH-1R activity
(ICsp = 1.3 nM). However, these aniline derivatives showed potent
hERG activity. With the aim of reducing hERG activity by introduc-
ing hydrophilic substituents, the sec- and tert-alcohol derivatives
2d and 2e were examined. Both compounds displayed improved
hERG profiles while retaining good hMCH-1R activity. The benzo-
phenone derivative 2f, on the other hand, exhibited improved
hMCH-1R activity (ICso=1.4nM) and potent hERG activity
(ICsp = 17 nM). Introduction of an oxime structure resulted in the
identification of the potent derivatives 2g and 2h. The syn-oxime
2g was found to be the active isomer, which has an ICsqy value of
0.26 nM at hMCH-1R. In addition to its high intrinsic hMCH-1R po-
tency, 2g showed attenuated hERG activity. Next, alkyl substitu-
ents (R!) were introduced to the hydroxyl group of the oxime 2g
(Table 2). The syn-methyloxime derivative 3a was equipotent to
the syn-oxime derivative 2g, and the syn-ethyloxime derivative
3b showed an increase in activity (ICsg = 0.12 nM). The hERG activ-
ities of 3a and 3b were equivalent to that of 2g. Regarding the
oxime geometry, the syn-alkyloximes 3a and 3b (R! = Me, Et) were
the hMCH-1R active isomers.*! Incorporation of a nitrogen atom
into the inner phenyl ring as in 3c resulted in a substantial
improvement in hERG activity while maintaining potent hMCH-
1R activity.

Having identified 3¢ with potent hMCH-1R activity and reduced
hERG activity, our focus was directed toward improving the meta-
bolic stability of 3c. As shown in Table 3, compound 3¢ was metab-
olized by microsomes extensively.?>?4 Replacement of the
fluoropyridine portion of the right-hand spiro-structure by N-
methylpyridone as in 4a was found to be an effective strategy to
increase metabolic stability; however, 4a showed a substantial loss
of potency (ICso = 45 nM). It was soon realized that the correspond-
ing pyridone regio-isomer 4b has increased hMCH-1R activity
(ICsp = 6.8 nM) while maintaining good metabolic stability. After
oral administration, compound 4b displayed an attractive pharma-
cokinetic profile in Sprague-Dawley (SD) rats (Table 4). Given these
balanced profiles, compound 4b was further characterized. The
binding affinities of 4b for the rat and mouse MCH-1R receptors
are ICsg values of 8.8 and 12 nM, respectively, indicating no signif-
icant species difference in binding affinity. In the cellular func-
tional assay (FLIPR),*? compound 4b inhibited MCH-induced Ca?*
release with an ICsg value of 25 nM. Compound 4b displayed good
selectivity over MCH-2R (ICso >10 pM) and a panel of 171 diverse
unrelated binding sites (ICso >1 puM for all the binding sites tested).
Brain permeability of 4b was examined in SD rats (Table 5). Fol-
lowing oral administration at 10 mg/kg, 4b showed a brain-to-
plasma ratio of 0.49, which was thought to be relatively low for
a basic molecule. As shown in Table 5, 4b was found to be a rodent
P-gp substrate, which would be a major factor for the observed
modest brain penetrability of 4b.?° Brain penetrability of 4b in hu-
mans is unlikely to be limited by P-gp since it is not a human P-gp
substrate. In addition, the appreciable free brain concentration of
4b was assessed by its CSF concentration. Compound 4b displayed
appreciable exposure in DIO C57BL/6] mice after oral administra-
tion at 10 and 30 mg/kg (Table 6) where the plasma and brain lev-
els 24 h after 30 mg/kg oral administration were 0.119 uM and
0.052 nmol/g, respectively. The brain-to-plasma ratio of 0.43 in
DIO C57BL/6] mice is consistent with that observed in SD rats. Gi-
ven these favorable data, chronic effects of the MCH-1R antagonist
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Table 3
Human MCH-1R and hERG binding activity and microsomal stability of syn-oximes 3c, 4a and 4b

(T
=
F | N

j /

syn-oxime
Compound Z hMCH-1R* (ICso, nM) hERG?*€ (ICso, nM) Microsomal stability®? (% remaining after 30 min)

Human Rat Mouse
3c (syn-oxime) 0.35 1790 0 2 11
4a (syn-oxime) 45 >10,000 77 84 74
e}
A

4b (syn-oxime) / N— 6.8 3670 68 71 57

2 The values are the means of two experiments.

® Inhibition of ['?°I]MCH binding to hMCH-1R in CHO.

¢ Inhibition of [>*>S]MK-499 binding to hERG K* channel in HEK293 cells.

94 Incubation mixture consists of 0.25 mg protein/mL, 3 mM magnesium chloride, glucose-6-phosphate dehydrogenase (1 unit/mL), 10 mM sodium p-glucose-6-phosphate,
and 1 pM substrate in 0.1 M potassium phosphate buffer (pH 7.4). Incubations were conducted at 37 °C for 30 min. To calculate percent of parent compound remaining, the
peak area at 30 min was divided by the peak area at time zero.

Table 4
Pharmacokinetic parameters for 4b in SD rats®
Compound iv (1 mg/kg) po (3 mg/kg)
CL, (mL/min/kg) Vdss (L/kg) Ty (h) Cinax (UM) AUCo_, n (LM h) P> (%)
4b 13 1.6 14 1.85 6.57 87

2 The values are the means for n = 3 animals.
b Based on AUCo_.. 1, values after iv and po dosings.

Table 5
Brain penetration and P-gp susceptibility of 4b
Compound Brain penetration in SD rats® P-gp susceptibility”
Plasma (uM) Brain (nmol/g) CSF (uM) Ratio brain/plasma CSF/brain Transcellular transport ratio (B-to-A)/(A-to-B)
MDR1 mdrla
4b 4.50 2.20 0.130 0.49 0.06 1.9 5.1

2 The concentrations were determined at 2 h after 10 mg/kg oral administration. The values are the mean for n =3 animals.
b Transcellular transport ratio ((B-to-A)/(A-to-B)) in human MDR1- and mouse mdrla-transfected LLC-PK1 cell line. The values are the means of three experiments.

Table 6
Exposure of 4b after oral administration in DIO C57BL/6] mice®
Compound po (10 mg/kg) po (30 mg/kg)
Cmax (HM) Tmax (h) AUCO—oc h (HM h) Cmax (MM) Tmax (h) AUCO—x h (HM h)
4b 4.27 2.0 154 15.6 2.0 90.7

@ The values are the means for n =3 animals.
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Figure 2. Effect of 4b on the body weight of DIO C57BL/6] mice. Mice were orally
administered either vehicle or the MCH-1R antagonist at doses of 10 mg/kg, b.i.d. or
30 mg/kg, q.d. for 13 days (n=7-9).

4b in DIO C57BL/6] mice was examined (Fig. 2).** As a result, 13-
day oral treatment with 4b at 10 mg/kg (twice daily) and 30 mg/
kg (once daily) potently and dose-dependently reduced body
weight of DIO C57BL/6] mice by 4% and 8%, respectively.

In summary, the selective and orally active MCH-1R antagonist
4b was identified by optimization of the lead 2a. Compound 4b has
reduced hERG inhibitory activity and exhibited a useful pharmaco-
kinetic profile in rats. Subsequent to oral dosing, 4b showed potent
and dose-proportional body weight reduction in DIO C57BL/6]
mice. Further evaluation of 4b to assess its potential for clinical
development is ongoing.
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For the MCH-1R functional assay, MCH (5 nM)-induced intracellular Ca®*
changes were measured in CHO cells expressing human MCH-1R in the
presence of several concentrations of test compounds using FLIPR (Molecular
Devices, Sunnyvale, CA).

Male C57BL/6] mice (CLEA Japan, Tokyo, Japan) were used. Mice were housed
individually in plastic cages under controlled temperature and humidity
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