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Research and development of brain penetrable melanin-concentrating
hormone 1 receptor antagonists
Hiroyuki Kishino

With changing a life style in recent years, obesity is increasing in Japan and western countries as well as
developed country. If individual has any two or more than two out of hypertension, dyslipidaemia and diabetes in
addition to obesity, it will be diagnosed as metabolic syndrome, and it has been reported that the onset risk of
cardiovascular disease or a cerebrovascular disease increase. Although the exercise cure and dietary therapy are
efficacious to improve the obesity, insufficient efficacy may be achieved. Therefore, the development of anti-obese
agent for the treatment and prevention of obesity is remarkable as one of the drug development target.

Melanin-concentrating hormone (MCH) is a cyclic nonadecapeptide mainly expressed in the lateral
hypothalamus and zona incerta region of the brain in mammals. MCH is believed to play an important role in the
regulation of food intake and energy homeostasis. MCH1 receptor (MCH1R) and MCH2 receptor (MCH2R) are
expressed in the brain in mammals whereas only MCHI1R is expressed in the brain in rodents. Although the
functional role of MCHZ2R is not well defined so far, MCH1R is highly expressed in hypothalamus related to food
intake while MCH2R is predominantly expressed in hippocampus and amygdala, and less expressed in
hypothalamus. Therefore MCHZ2R is indicated to be lower related to food intake. It was reported that acute
injection of MCH into brain in rats increased food intake and chronic injection of MCH into brain in rats were
hyperphagic and led to obesity. MCH KO mice led to decreased adiposity and increased energy expenditure
compared with wild-type mice. On the other hand, it was reported that no obesity was observed in MCH KO mice
fed on a high-fat diet, and chronic injection of MCH into brain in MCH KO mice did not result in hyperphagia and
obesity. Chronic injection of peptide/non-peptide MCH1R antagonists into brain in diet-induced obese rats or mice
led to decrease in food intake and body weight. These non-clinical studies indicate that MCH control the food
intake and energy homeostasis via MCHI1R and is highly related to obesity. Therefore, | decide to start the
development of melanin-concentrating hormone 1 receptor antagonists for the treatment of obesity.

A novel spiro-piperidine urea compound with MCH1R antagonist activity was identified by high-through put
screening (HTS). As this compound showed the inhibitory activity against human aza—adrenoceptor as well as
MCHI1R, | started the modification of spiro-piperidine urea compound so as to reduce the human aia—
adrenoceptor activity and enhance MCH1R antagonist activity. Urea bond and phenyl group at the side chain in
the spiro-piperidine urea compound were replaced with amide bond and 5-membered heterocycles. These
modifications were successfully improved in MCH1R antagonist activity and selectivity. Subsequent modification
of substituent on the N-atom at the amide bond and spiro-piperidine core led to the identification of compounds
with highly improved, selective and non-P-gp substrate MCH1R antagonist. However spiro-piperidine amide
compounds exhibited poor metabolic stability against microsomal hepatocyte in rats and unfortunately were

unable to evaluate in vivo pharmacological study in rats.



In order to discover the newly lead compound with enhanced metabolic stability, we reevaluated and modified
the identified compounds from HTS. As a result, 2-aminobenzimidazole compounds were identified to show the
good MCH1R antagonist activity, and improve lipophilicity and metabolic stability in rats. This result indicates
that basicity is indispensable to show the MCH1R antagonist activity because both 2-aminobenzimidazole
compounds and spiro-piperidine compounds contain the basicity in their compounds. The modification of
2-aminobenzimidazole at 2-position resulted that branched-chain amine such as N-methyl-isopropylamine showed
high MCH1R antagonist activity. Replacement of dihydrocinnamyl moiety at 2-aminobenzimidazole compounds
with biaryl group improved metabolic stability, and compound with pyrazine ring at the biaryl moiety exhibited
high MCH1R antagonist activity, moderate metabolic stability, good pharmacokinetic profiles and brain
penetrability. It was observed that oral dose of 2-aminobenzimidazole compounds in rats suppressed the
MCH-induced food intake. Therefore, the proof of concept for MCH1R antagonist was demonstrated.

In order to discover higher brain penetrable compound, we conducted further modification based on the concept
of the “rule of five” reported by Lipinski and identified imidazo[1,2-a]pyridine compound with MCHI1R
antagonist activity. Imidazo[1,2-a]pyridine compound had comparable basicity with 2-aminobenzimidazole and
reduced the number of hydrogen donor compared with 2-aminobenzimidazole, thereby improvement in brain
penetrability was expected. Modification of imidazo[1,2-a]pyridine resulted that compounds with small alkyl
groups at 2-position showed MCH1R antagonist activity and only methyl group at 3-position was acceptable.
Further replacement of biaryl moiety with hydrophilic heterocycles were performed so as to reduce the
lipophilicity of imidazo[1,2-a]pyridine compounds because imidazo[1,2-a]pyridine compound with small alkyl
group at 2- and 3-position were highly lipophilic. In case of imidazo[1,2-a]pyridine compound with hydrogen
atom at 3-position, introduction of hydrophilic heterocycles into biaryl moiety resulted in loss of MCH1R
antagonist activity. However MCHL1R antagonist activity was recovered when methyl group was introduced into
imidazo[1,2-a]pyridine compounds at 3-position even though hydrophilic heterocycles were introduced into biaryl
moiety. Imidazo[1,2-a]pyridine compound with phenylpyridine moiety exhibited high MCH1R antagonist activity,
moderate metabolic stability, good pharmacokinetic profiles and brain penetrability. It was observed that oral dose
of imidazo[1,2-a]pyridine compounds in rats suppressed the MCH-induced food intake likewise
2-aminobenzimidazole and lower dose at 10 mg/kg of compound significantly suppressed the MCH-induced food
intake. Furthermore, chronic oral dose of imidazo[1,2-a]pyridine compounds at 10 mg/kg g.d. in diet-induced
obese mice observed decrease in spontaneous food intake and oral dose for 7 consecutive days showed decrease in
body weight. In conclusion, the author successfully identified brain penetrable imidazo[1,2-a]pyridine compounds
which exhibited the suppression of food intake and decrease in body weight in in vivo pharmacological study.
These results indicate that imidazo[1,2-a]pyridine compounds for MCH1R antagonist are promising drug

candidates for the treatment of obesity.
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