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Como resultado del Examen de Fondo realizado, con fundamento en el Articulo 45
de la Decisién 486 de la Comision de ia Comunidad Andina, se comunica:

1. Dochmentos estudiados

Descripcjén: _ Folios 94 a 166 23/Noviembre/2009

Reivindicaciones: Folios 167 a 184 23/Noviembre/2009
‘i Folios 212 a 226 05/Abril/2010

Prioridad: US 60/931.458 23/Mayo/2007

2. Anélisis de la Prioridad

Se acepta la reivindicaciéon de prioridad porque esta solicitud fue presentada
dentro del plazo establecido (Art. 9 D 486) y su contenido técnico corresponde con
el de la prioridad reivindicada.

3. Objeﬁo de la invencién

Titulo de la solicitud: “Antagonistas piridil piperidina del receptor de orexina”

El problema planteado en esta solicitud consiste en la necesidad de surministrar
nuevos antagonistas del receptor de orexina OX1R y/o OX2R.

Para resolver este problema técnico la solicitud en estudio proporciona
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ccmpuéstos de la férmula (1) que son antagonistas del receptor de orexina OX1R
y/lo OX2R.

R RO .
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ﬁib"{:‘"A 0
R18
Férmula (1)

El objeto de la presente solicitud se relaciona con la Clasificacién Internacional de
Patentes (CIP). CO07D401/12, CO07D401/14, C07D413/14, AB1K31/4525,
AB1P25/00, AB1K31/454, AG1K31/4535, AB1K31/506, CO7D417/14.

4. De ia Solicitud de Pateonte
Reivindicacicnes (Art 30 D 486, Art 22 PCT)

L.as reivindicaciones 2 a 6 no son claras porque no definen los radicales R1a, R1b,
R1c, R2a, R2b, R2c, R3, R4 y R5 de las formulas estructurales la, Ib, Ic, Id v le.
Adicionalmente se encuentra que ia férmula la es igual a la férmula I. Por lo tanto
se sugiere que se realicen las aclaraciones a las que haya lugar.

La reivindicacion 6 tiene una falsa dependencia de la reivindicacién 5 porque el
radicai R1a no se encuentra en ninguno de los carbonos adyacentes que divulga
la rewmducacnén 5, es decir, la formula estructural de Id y le son diferentes. Se le
sugiere al solicitante hacer la aclaracién a la que haya lugar.

La reivindicacion 1 no es concisa, se encuentran definiciones de A, R1a, R1b,
R1c, R2a, R2b, R2¢, R3, R4 y RS como heteroarilo, heterociclo y cicloalquilo, los
cuales corresponden a grupos funcionales, son ambiguos y no definen de
manera inequivoca los sustituyentes de los compuestos reclamados. Por lo
tanto se le sugiere al solicitante, en lo posible, restringir el capitulo reivindicatorio
de la solicitud a una generalizacién razonable de las realizaciones preferidas,
Adicionalmente se debe establecer el nimero de carbonos que los conforman, el
numero y tipo de heteroatomos.

En la definicion de los radicales mas representativos de la formula (1), de acuerde
con lo que se encuentra debidamente sustentado en el capltulo descriptivo, se
encuentra que siempre varian entre los siguientes sustituyentes y atomos:

Radical | ______Soporte en la descripcién

i R S ]

" H, slquilo, hidroxilo, fenilo, Y./ =/ '\
R™ | H, alquilo, hidroxilo, F
R® 1H, alqullo hldroxno

A
Fenilo, '\/
R® H, metilo, etilo
R® |H
R’ H
R*® | H, F, metilo
- R® |H,F
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Por lo tanto se sugiere al solicitante presentar una generalizacién razonable y
eliminar aquellas definiciones que exceden el sustento descriptivo.

5. Determinacién del Estado de la Técnica

E! estado de la técnica se determind con base en la fecha de prioridad
(23/Mayo/2007) y se encontraron los siguientes documentos que anticipan el
objeto de esta solicitud:

item | Documento _Titulo Fecha de Pubiicacién

D1 | WO2006117669 amide resorcinol compounds 08/Noviembre/2006
\Handion Anthony. J. Melanin-Concentrating Hormone-1 <
D2 | ' Med. Chem. 2008, Receptor Antagonists for the 16/dunio/2005
49, 4017-4022 Treatment of Obesity

D1http: //worldwude espacenet.com/publicationDetails/originalDocument?CC=WO&
NR=2006117669A1&KC=A1&FT=D&ND=&date=20061109&DB=&locale=en EP
Divulga derivados de amidas de resorcinol que poseen actividad inhibitoria de
HSP 90 (Pag. 2, 58 y 126).

D2http://www.sinab.unal.edu.co:2053/science? ob=MiamiSearchURL& method=r
equestForm& temp=search.tmpl& acct=C000055778& version=1& urlVersion=1
& userid=1998314&md5=2d18043dcdf8efd08a5548a0eb85e084 &searchtype=a
Divulga antagonistas de neuropéptidos como: MCH (Melanin-Concentrating
Hormone) y orexina para el tratamiento de la obesidad y facilitar asi la perdida de
peso (Pag. 4019 y 4020),

6. Examen de Patentabilidad (Art 14 D486)

Nivel §“nve‘ntiv9 (Art18 D486)

La reivindicacion 1 consiste en un compuesto de férmula (I) en el que: (Fl. 212 a
215linea 1 a 15)

Comparacién de las caracteristicas técnicas esenciales, con las del Estado de Ia Técnica;

caracteristicas esenciales D1
Compuestos de férmula
Com_puesto de férmula (1) . OH o)
RS
K’\'/} R
R¥ TN
R[G
waci
Rhﬁ’ )
R°= M, alguilo, hidroxilo ' hidroxilo
R "= H, alquilo, hidroxilo, heteroarilo | R'= H, alquilo
R™= H, alquilo, hidroxilo 7 R% R® R%= H. alquilo, hidroxilo,
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: , heteroarilo

A= fenilo ' fenilo
| R’= H, metilo ‘

R'=H B ., b

R=H R" y R’= Junto con el nitrégeno
RE=H E forman un heteroarilo sustituido
RS H F por un hateroarilo sustituido
R™=HF

El documento D1 se considera el estado de la técnica cercanc a la invencién
definida en la reivindicacién 1.

D1 divulga derivados de amidas de resorcinol gue poseen actividad inhibitoria de
HSP 90 (Pag. 2, 8 y 126).

La diferencia entre la invencion, definida en la reivindicacién 1 y el compuesto de
D1 consiste en que la invencién tiene los sustituyentes metilo y pirimidina en el
fenilo unido al grupo carbonilo y el sustituyente fllor en el anillo de la piridina.

No se ewdenma que por el hecho de tener los sustituyentes metilo y pirimidina en
el fenilo unido al grupo carbonilo y el sustituyente fllior en el anillo de la piridina, se
tenga un efecto técnico inesperado.

Por lo tanto, el Problema Técnico Objetivo que pretende resolver esta invencion se
puede formular asi: “como modificar los derivados de amidas de resorcinol que
poseen actividad inhibitoria de HSP 90 de D1 para conseguir un compuesto
alternativo”.

Sin embargo es bien conocido que el sustituyente metilo es un bicisostero del
sustituyente OH y la pirimidina es bioisostero del benceno, ya que segun la ley de
desplazamiento de Grimm los seudoatomos presentan las mismas propiedades
fisicas a los atomos de la columna anterior de la tabla peridédica si esta
acompafiado de hidrégeno; por lo tanto una persona versada en la materia estaria
. motivada a sustituir el OH y a reemplazar el benceno por una pirimidina, porque el

zblmsotensmo es una estrategia de la quimica medicinai para el disefio de nuevos
compuestos

En consecuencia, la persona del oficic normalmente versada en la materia, estaria
motivada a emplear los sustituyentes metilo y pirimidina en el fenilo unido al grupo
carbonilo y el sustituyente flior en el anillo de la piridina. Por lo cual se considera
obvia.

Conclusioén:
La reivindicacién 1 no cumple con el requisito de nivel inventivo (Art. 18).

Puesto ‘que las reivindicaciones dependientes 2 a 18 y 21 no mencionan
caracteristicas inventivas adicionales tampoco se pueden considerar inventivas.

1 Lima L. y Barreiro E ‘Bioisosterism: A Useful Strategy for Molecular Modification and Drug
Desngn" Current Medicinal Chemistry, 2005. Pag. 23, 24 y 30.
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Comparacién da las caracteristicas técnlcas esenciales, con las del Estado de la Técnica:

caracteristicas esenciales

D1 ‘ Dz

1
|

Compuesto de formula (1)

2-{2-[((2R 5R)-5-{[(5-
fluoropiridin-2-it)oxiimetil}-2-
metlipiperidin-1-il)carbonil]-4-

metilfenil}pirimidina

__Elemplo 60 Figura 1

4-[(3-)-{{(Bmetilpiridina-3-
iljoxijmetil}piperidin-1-
ihcarboniljbenceno-1,3-diol
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Los documentos D1 v D2 se consideran el estado de la tecnlca cercano a la
mvencson definida en la reivindicacién 1.

D1 dw‘ulga el compuesto  4-[(3-)-{[(Bmetilpiridina-3- ﬂ]oxn]meul}plperidm 1-

il)carbonillbenceno-1,3-diol y lo denom.na ejiemplo 60 (Pag. 58\)
1
D2 comﬁuestos antagonistas de neuropéptidos: orexina y otros (Pég. 4020).

La dn‘erencna entre la invencién, definida en la reivindicacion ‘i y €l compuesto de
D1 consiste en que la invencion tiene los sustituyentes metilo y pirimidina en el
fenilo umdo al grupo carbonilo y el sustituyente flior en el anillo de la piridina.

| |
\

La dlferenma entre la invencion, definida en la reivindicacién 1 y los compuestos
de D2 con3|ste en que la invencion tiene el anillo piperidina esta unido a un grupo
funmona} aicoxi. |

|
No se ewdencna que por el hecho de tener los sustituyentes metllo y pirimidina en
el fenilo. umdo al grupo carbonilo v el sustituyente fluor en el anlllo de la piridina, se
tenga un efecto técnico inesperado.

Por lo tanto, el Problema Técnico Objetivo que pretende resoivet esta invencién se
puede formular asi: “cémo modificar 4-[(3-)- {[(GmetlIp|rid:na—:iall]oxs]metli}plpendin—
1- |I)carboml]benceno 1,3-diol y lo denomina ejemplo 60 de D1 para conseguir un
compueste alternativo”.

\

Sin embarge es bien conacido que el sustituyente metilo és un bioiscstero del
\sustntuyente OH v la pirimidina es bioisostero del benceno, ya gue segun la ley de
desplazamtento de Grimm los seudoatomos presentan ias mismas prop:edades
fisicas a los atomos de la columna anterior de la tabla periddica si esta
acompanado de hidrégeno; por lo tanto una persona versadalen la materia estaria
motwada a sustituir el OH y a reemplazar el benceno por una pirimidina, porque el
biOlsoterlsmo es una estrategia de la quimica medicinal para el disefio de nuevos
compuestas

En consecuencna la persona del oficio normalmente versada enla materia, estaria
: motlvada a emplear los sustituyentes metilo y pirimidina en el fenilo unido al grupo
E carbomlo y el sustituyente filior en el anillo de la piridina. F?or lo cual se considera
obvia. | ‘
|

Conclusion: ‘

La relvmdvcacxén 20 no cumple con el requisito de nivel mventxvo (Art. 18).

2 Lima L Ly Barreiro E. “Bioisosterism: A Useful Strategy for Molecular Modlflcauon and Drug
Design” Gurrent Medicinal Chemistry, 2005, Pag. 23, 24y 30.
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Puesto que las reivindicaciones dependientes 2 a 7 y 13 no mencionan
caracteristicas inventivas adicionales tampoco se pueden considerar inventivas.

7. Conclusién

Los recﬁuisitos de patentabilidad de la presente solicitud estan afectados asi:

item Documento Relvindicaciones afectadas Requisito que afecta
D1“ WO2006117669 1a 21 Nivel inventivo
T Handlon Anthony, '
‘ J. Med. Chem. Nivel inventivo
b2 2008, 49, 4017- 20 |
4022

En cumplimiento del articulc 45 de la Decisién 486 de la Comision de la
Comunidad Andina, se le indica que debe dar respuesta dentro del término de
sesenta (60) dias contados a partir de la fecha de notificacion de la presente
comunicacion. En caso de no dar respuesta al presente requerimiento, o si a pesar
de la respuesta subsistieran los impedimentos para la concesmn se denegara la
patente.

Se invita al solicitante se sirva indicar, si asi lo considera, su renuncia al término
faltante de sesenta (60) dias para dar respuesta a este requerimiento y presentarla
por escrito.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e),
del capitulo quinto del titulo primero de la Circular Unica No. 10 de 2001.

/____,%
“ -

JOSE LUIS SALAZAR LOPEZ
Director de Nuevas Creaciones (C)

El anterior req imiento fue notificade por fijacién en lista, de fecha

| I‘% o [, 2052

Revisado por: Consuelo Leguizamon Leguizamon

Elaborado por: Ruth Angélica Lizarazo Pedraza)‘J-/
Aprobado por: José Luis Salazar Lépez W

5
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Melanin-Concentrating Hormone-1 Receptor Anta.ghnists for the Treatment of Obesity

Amhéﬂy l.. Handlon* and Huigiang Zhou
ki

\Mﬂ'fwhc and Firal Center of Excellence jor Drug Discovery, -‘.fmn\rm.!h&fun PO Box 13308,

-Rete&rd: Iriangle fark, North Carolina 27709-3398

. R?a'.n._ed June 16 2003
I
- Intr{iﬂuﬂinn

termed metabolis: syndyome. that is characterized by high blood |

lngljmmdes It is also an endocrine gland that produces and
: excretes the hormone leptin, which serves as a key mediator in|
5 the fe i:dback loop linking peripheral adiposity with the central
' control of feeding and energy expenditure.'? As fatness
increases, more Ieptm 15 produced. Under normal physiological
| conditions, leptin enters the hypothalamus and inhibits the
formation of orexigenic neuropeptides such as neuropeptide Y|
INP‘,.} melanin-concentrating hormone (MCH). orexin. galanin,
and agoun-related protein (AGRP), Hypothalamic leptin simul-
usly up-reeulates anorectic peptides such as c-melanocyte
nulating hormone (-MSH), corhcotropm-releasmg hormone
1) and cocaine- and amphetamlne-rcgulaled transcript
(CART)." Obesity is characterized by resistance to leptin. the
t.‘luét: of whichilias been the subject of much investigation. but
may }resuli from a failure of leptin receptor signaling in the
| | braiy! Obese patients are found to have high levels of circulating|
| leptrm_ and administering recombinant leptin as an antiobesity |
! treatiment has given mixed results.’® Instead. pharmaceutical
inter:enlinn could be directed toward the orexigenic and!
anorectic neuropepride receptors. that operate downstream of!
leptin sighaling.
g One of the orexigenic neuropeptide receptors that has emerged
as ah exciting drag target for the treatment of obesity is melanin-
, con ,nn"alihg-hbrinoné-] receptor (MCHR-1). In this article we.
- | intend to outline the rationale supporting a role for MCH
antagonists in the treatment of obesity and to review the progress
that has been made o date in the discovery of MCHR-I
| ant, gomst*- Werill also discuss some of the possible limitations
tha M(H antagonists may have in the treatment of obesity.
For| other perspectives in the MCH field, we direct the reader
1o several excellent reviews that have appeared recently.f~1% |
\rf(H was firstisolated in 1983 from salmon pituitaries, where
s a role in p:mncnianon of fish scales. MCH is a cvelid
| ide of 19 araino atids with a single disulfide bridge that is
Ll ical in all mammals stadied so far.” In 1999 two research
I\ gro ps reported simultaneously that MCH binds to and activates
|
|

g prmcrl y orphan receptor SLC-1 (somatostatin-like receptor,
[ a[sJ 'known as GPR24).''"? The newly identified MCH-1
[?- recéptor (MCHR-1) is a member of the 7T\ GPCR (seven

i | transmembrane G-protein-coupled receptor) superfamily of
receptors, In 2001 a second human MCH receptor was identified

| ' (MUHR-2) that shares 38% amine acid identity with MCHR-
i | I,“F!(‘HR- is not expressed in rodents, and the lack of animal

| motlels has hampered efforts to investigate the role of\l(HR 3
| feeding and snergy balance.

\ - 1o whom con espandence should beaddressed Phone: 919083.97 u'a
F1\' G19-5 104300 E-nmail: 1ony Hmnr.!iunu ush com g

q . 1

| e

lie (I limeeetll] M de o Lk diL

J. Med Chem, 2006, 49, 4017—4022 |

Obesity is onz component of a collection of risk factors.

| plgstyre insulin resistance, dyslipidemia, and excessive visceral
“adipbsity. Adipose tissue is more than a passive repository of |

‘animals in which tl

' uzg:qtme that thev bad an enhanced metabolic ratr:
i‘n contrals.”” The res{rq from the MCH knockout expe

'plat.cd of @ htg_.h-t'al iet, the .\-f('H OVerexpressers ¢

HI 1021 gmOS8239] COC/$33350 © 200& '\mmun Chemqu Suciery
Published dn Web/ 06/ 7/2006

MCH has no knewn|role in the pigmentation of hun
In njammals MCH is Synthesized predominantly in
For example. in rats, MCH synthesis has been local
lzlerai hypothalamus and zona incerta with lesser as

the olfactory tubercle and pons.'* MCH neurons proj
into other regions of the brain inc luding the ce
hippocampus. amyedala, and nucleus of the solitary tr
that are thought 10 control feeding and motivational |
The MCH-1 receptor has been localized 1o areas of t
that coordinate feeding behavior including the parave
riucleuq. the dorsomedial. ventromedial, and arcuate n
areas invalved in olfaction.'® In the human brain, M
sites have been found in the cerebral cortex. hypothg
ralgmus' pons. medu la oblongata, and cel'ebellmm"'

|

MCH and the (‘en

The role of MCH in feeding went uurecugmzed o
\jmrs until it was disegvered in 1996 that MCH is up-
duru‘lf. !‘umw in both/ normal and obese mice. Am
dmm'zls. MC H MRNA was increased 4-fold in wild
zlnd almost 3-fald in ’}ptin deficient oh/ob mice. Fu

was found that if MCH is directly infused into 1
cerebroventricular mll reeion of the rat brain. the co ui
of fhod doubled for tt£e next 6 h.'" Maore recently lt!

I Control of Energy lenncd

Hjeparted that chronic iev infusion of MOH over 14 dg
on a high-fat diet led to a large increase in calorie inta
body weight. The bod\» weight gains were attributed g
in far mass and in %&r mass. In addition. the MC :
anirhals showed increases in glucose, insulin, and le ptin
that parallel human metabolic syndrome. ' ;
Further :m.nasng_atn:%l n of the functions of MCH foe
MCH gene had been dele:

knockout mice were [found to consume fewer call
control mice and weighed significantly less although tf
orally in every otller way. Furthermore, it was f
the -!C'Hiknc-ckoutanlmats were resistant to developing
when placed on a high-fat dier and they consumed more

are in sharp contrast tb results from corresponding s
have been carried out for other orexigenic peptides sue
galamn and f=endorphin, in which the knockout phi
were found to eth:bt normal feeding behavior. body!
nnd metabolism.?

Li Further characterization of MCH utilized mice t
e

sipned fo overexpress the MCH gene. The transgL
were found 1o have { 2-fold increase in NICH mRN/4

£ \was alw rcp{\rlcd tha thl. MCH averepressers had |
L!umee and were 15 |hn resistant, consistent with a.
-stau: i '
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4018 J’._nm'i!mi' af Medichral Chotasiry, 2006, Vel 49 No, 14

In\f'estigzét'iuns of MOCH receptor deficient mice have provided
additiondl (¢vidence that MCH has a role in regulation of
metabolism and activity levels. MCH-1 receptor knockout mice
were fcund to have high Jocomotor activity levels and high
metabolic rates.” As a result, they displayed a lean phenotype.
had reduced leptin levels. and were hyperphagic, Furthermore,
when placed on a high-fat diet. the MCH-1 receptor knockout
mice were resistant to diet-induced obesity
(D10).=4 Most recently, it has been reported that the hyper-
activity of [the MCH-1 receptor knocKout animals may be
mediated by the :nescllmbic dopamine system. It was found
that the receptor knockouts were hyper-responsive to dopamine
stimulation| The knockouts had enhanced norepinephrine trans-
port (NET) and significantly up- -regulated dcpamme D1 and D2
TFeceptors in the mesolimbic regions.®* It is widely recognized
‘that Inw«qlnmbu dopamine | signaling underlies the reward
mc»h‘aniq?is to pleastirable stimuli such as drugs of abuse.
smoking, SN and faod intake. This suggests that MCHR-1
amagoms ma\ have a role not only in weight management
but also igitreating substance abuse. aiding f.nmkmv. cessation,
and treaulr* depression.

‘MCH m!*l Leptin

Accum} llanm. evidunce indicates that MCH s a target of the
circulating hormone leptin. MCH receptor is up-regulated in
conditions, of genetit obesity and during food deprivation.
condnmnz that are characterized by having low or nonexistent
Tevels of qulmmg li:ptin. Among ob/ob mice that lack leptin
‘it was found that ther: was a 2-fold increase in MCH mRNA®
and a :-I‘ﬂmlmrease in MCH receptor mRNA ' Furthermore.
leptin weatment of the ob/ob animals resulted in a significant
down-regulation of MCH receptor. Diet-induced obese animals
also maintain increased levels of MCH tone. A 48 h fasting of
mice led io a 7-fold increase in MCH receptor mRNA that was
reveraedp) feptintreatment. '” Taken together, these results are
consistent with a s¥siem in which leptin down-regulates MCH
hormbn;Y nd MCH receptor expression in the brain. What are
the impl tx’itions of these results for obese patients? These
individuals are resistant to leptin and. on the basis of the animal
results. }Jnuld be expected to have inereased levels of MCH
tone. Considering the effects of MCH on food intake and weight
~gain. it s&tms; reasonable to hypothesize that an MCH antagonist
could circumvent leptin resistance and be an effective agent in
the! lreathﬁent of obeity.

MCH ﬂ}qcepmr Antagonists

The elpning and i dentification of MCH-1 receptor and the
strongl association BEMCH with feeding and energy balance
have prampted many pharmaceutical companies to initiate

. MCHR-1 antagonist discoyery programs, Given the long history
that drug companies have had with family A GPCR targets, it
is not Lrpnsmg that numerous organizations have reported
finding small-moleciile antagonists for the MCH-1 receptor, 1026
In the ﬁest year alone there have been several disclosures in
the patent literature that describe MCHR-1 antagonists, and a
few of I?e%e are shown in Table 1.

The MCH antagonists that have been described represent
diverse mcmml types. Nevertheless, some commonality exists.
The rec rrmq structural motif is a central amide resndue with
an aming group at one end of the molecule and a lipophilic
maiety lat the other end. Argenta (Table 1. entry 1) has de-

_ scribed/a series containing a 6- 1111|dosulnohm core. Synaptic,

Yamanouchi, and Banyu (enties 4) have exemplified
MCHR 1 antagonists that contain a 1.1-diarylacetamide core

>
>

: cnmn'rh In the same e!tpe 'mem n-l‘enﬂuramme at 3
‘led tol wmght lbss for the |
by rebound weight gain aver the next 14 days. culminatin:

- gh o the lateral vientric
. ﬂcthLl reported that 4 decreased food intake in diet-indt
| consumed rather than byl decreasing the number of

s

0.5 M), when administered crally to diet-induced obese

‘when tinagd ip at 10 mg/kg to male Wistar rats. At the sa .
.dose ih

éthe 00415u]hptlol1 of h:ghly )
.'ImIHfh) -H% at a dose

Boeringer [ngelheim (entry 5
ihcarporated an acetylenic b
lipophilic group, Taisho and| _
1 4—cyc|0he\am.d|amme series that included various aromat
heterocycles including pyrinjidine. quinoline. and tetrahyde
qmnnh Schermn (entry ) ewcmphf‘ed a series of 34 ;_
dihydr 'soqumollne acetamides including several with very high

potencies '

) eliminated the amide group and
ridge hetwcen the amme .‘md I _

of pa
utilized h:gh ﬂ\mughput ser mnz, to identify a novel lead
L-ammh&ﬂIl\quu:nolmea To optimize the new lead. they
took advantage of parallel synthesis techniques that led |
compotind, 1 (Figure 1) that combined high binding affi
iigh functional potency. and good central nervous system
penetration. Scientists from Phannawpcia lm\e also utiI
high- thuthul chemistry |
compotmds starting with an|initial hit with hmdm" aﬁ'mty ;
the low- micromolar range, This effort culminated in the
1dent||7Lan0n of urea 2 (binding K, = 0.84 nMi*7

Efficacy in Animal Model

Sy plﬂ: has reported anarectic and antidepressant effects o

of Obesity

an MCH receptor antagonist 3 (SNAP-7941. K = 15 nM. Figuh
1) They reported that 3 atenuated MCH-induced food in

caused a 26% weight loss in healthy growing yd :

irst 14 days but was then foilo

a 14% weight loss over the 28-day treatment period,
Through the screening af a GPCR-directed small-malegc
library and subsequent lead )nptimization. scientists from Tak
discovered an orally activg MCHR-1 antagonist 4 (T-22620
ICe /= $.5 nM)Y When # was dosed orally at 30 mg/he
male SpraguesDawley rats followed by injection of MCH
} it was found that 4 obliterated

MCH-induced feeding response. Subsequently, scientists |

obese mile Sprague-Dawley rats. Through cdrefully monita
of amimals over a 24-h peund they concluded that 4 at 10
Kg'reduted food intake By decreasing the size of the. W
consumed. Compound 4 at |10 mg/ke had no effect on locomotor
acn\ ity in the animals studjed, suggesting that the feeding effec
due to a general malaise.*
GlaxoSmithklme has reported that 5 (GW 803430X. IC

mice. gme a robust and cpntinuous weight loss over a IZ
pemid At 3 mwkg orally) & gave a 13% weight loss over il
course uf the study. whereas sibutramine at the same dose &
a 3':—; weight loss.*! [
In 2005, scientists from Neurocrine Biosciences deser
m'rﬂmtlhd 6(A =23 n\ﬂ] and investigated its effect ina |
weight ims study, Animals treated with 6 ate less ft
control- gr'egaiecl animals a!'i1 lost a significant amount of \,
Theistudy included pair-fed animals that were not treatet
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Table 1. Chemical Structures of MCHR-1 Antagonists Described in Palc{u Appl;]cati_ions:
i Entry | Organization Structure | | g Potency
|
|
{1 1 Argenta” IC =10nM*™
|
|
l ' Ki=0,3nM""
]I | 2 Synaptic”
| |
i |
! | | IC,=0.180M"
| 3 Yamanouchi™ |
|
|
1C,=0.2aM™
4 Banyu*
I
|
. o) 1€, =8nM"™
| 3 Boeringer
W | | Ingelheim” '
= i ]
- 1 _: Ll
f e ' . ! % | IC=210MY
I | 6 | Taisho/Arena® Oy ;
) ‘ [ K |
| ] 1. |
= n:—}-’“ n
' L i Iose Kis6.4nM"
: ll 7 Schering” NG ol
{ o
bl | i I | 3
*1 Funetional assay * Binding assay. © Human MCHRI1. ¥ Rat MCHR1, ¢ Mmisir: MCHR1 l

compound but yvere restricted 1o eating the same amount of food

§1e treated animals. Although both the treated and pair-fed
animals lost weight. it was found that the treated animals lost
s:g,mf' cantly more weight. suggesting that compound 6 had
b effects on metzbolic rate in addition to its anorectic effects
‘ Recently. scientists from Schering-Plough have reported thm
con pound 7 (&, = 8.9 nM) caused a dose-dependent reduction
in food intake and weight gain in DIO rats over a 28-day period.

I
1 At |n dose of 101 mg/kg, compound 7 caused a selective decrease
| infat mass while lean mass increased as the animals grew over
| the course of the stud\r
it ) {i‘cw:ﬂms at Abbott Laboratories have optimized a series nt
‘ alqinoplperu‘]me benzamides resulting in the identification of
| ipound’ 8 !binding 1Cs, = 3 nM). Compound 8 Wals
" in' estigated for its effect on food intake and body weight in
E', DIO mice over a 14-day period. At an oral dose of 30 ma*’kg
lE 8 caused a 6% loss in body weight but had no effects on food
L‘, m!afke relative to controls. The authors of this study concluded
] il 8 caused rveight loss by increasing energy expenditure.! P
i | ']nolhv:r 2005 report. scientists at Abbott identified compoung
" Fbmdmb ICw = 14 nM) that combined high functional
! ) ani agnrmm favorable pharmacokinetics, and good CNS pen-
\ eTlmu Wher dosed to DIO mice at 30 mg/ke over a 14-day
]
t
1 j| !
| |
i i
% |
{ |
{ |
|
H ‘ ik ] Al n‘l

pperiod. 9 caused a 15{4 reduction in body weight that
a lass of fat mass rather than lean mass. It is notewo

Iad_dutmn_ thc orc\m
| sustained weight loss,

d:d not cause a change in food intake at lhls dose.
the conclusion was that 9 caused weight loss by ing
energy expenditure, although changes in locomotor ani

not observed.** |

Opportunities and Challenges

ser’ B
AnMCH receptor antagonist alone may: not proy
efficacy to reach the dc«red clinical endpomls Asa

e m.uropeptlde» are redundam
it may be necessary to inhibit m

TR W
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Chemical structures of selected MCH-| receptor antagonists.

Figure I.J

| a single Iqrexigenic neuropeptide for a sustained effect. For
‘example, one may reed to target NPY, orexin, and AGRP

| simulmnﬂbusly to provide adequate weight loss and weight
management over a period of time.

The role of MCHR-2 in obesity is unknown. Although
MCHR-1 jantagonists are effective anorectic agents in rats that

~possess only a singl: MCH receptor, it is not ¢lear what the
effect wifl be in humens that possess both MCHR-1 and MCHR-
2, Ivis canceivable that MCHR-2 could functionally compensate
‘when ME'HR-I- is 1nhibited. One may needi to inhibit both
MCHR-igan‘d NMCHR=2 ta|get a full effect,

T]w_!_\,l_ltH receptar is widely distributed mn the brain, and an
antagonist may have unintended effects, MCH-producing neu-
rons projéct into areis of the brain that contral functions other
than feeding and appetite. In addition to the hypothalamus. the
MCH-1 receptor has been identified in several areas of the rat
brain inétuding the cerebral cortex. hippocampus, amyedala. and
the olfakmry bulb.)* MCH plays a role in several activities in

' the CNSJI lincluding stress, aggression. anxiety., reproduction. and
memory |retention ” Indeed. MCH antagonists have atiracted
attention as potentinl antidepressants and anxiolytic agents,**
The MCH receptor 15 also expressed in many peripheral tissues
including kidney. testis, white adipose tissue, skeletal muscle.
and tongue although in lower amounts than in the brain.'® It is
not clear what the effect of an MCH receptor antagonist would
be on the function »f peripheral organs and tissues.

MCH! may partitipate in other key functions in the hypo-
thalamus. and inhibiting MCH receptor-1 may cause unexpected
side effects. For example, a recent study has demonstrated that

- MCH i§jinvolved it the maintenanice of bone density in rodents.

MCH]T;I knockout mice have high bone turnover and a

|

|
/, | ;
i dmtliatlih] ks i s i ul ha: b allicaboalud i

| control the release of LHRH and FSH, it is conceivable t
' MCH antagonist could inhibit the release of gonadofr
- Congequently it is an npe} question whether MCH antago)

' redugtion in cortical bone mass.** It is not known whether |
term ;Jreﬂnient-“'itlt MCHR-1 antagonists at doses that wi
| be needed ta effect weight 19ss would also lead to complicatig
| with gsteoporosis. '
- Inrodents MCH is involved in gonadotropin secretion. Wh
| MCH (50, 100, and 200 ng) was injected into the me
' preoptic area of anestheti und t '
hormone (LH) release was stimulated over a 2-h period i
dose-dependent manner.*” [The authors of this study conclud
that 1[&is effect;was most likely mediated by the MCH-1
althol lgh'!i'l is possible that anather néuropeptide receplor ©
have begn involved. In anpther study it was found that MCH
increased luteinizing hormgne releasing hormone (LHRH) '
. the median eminence and |follicle stimulating hormone (!
- fromithe anterior pituitary Where NMCH receptor mRNA has
* detedted:** Although there| are other svstems that are kn

§

will afféct reproductive health in humans, |
Ifjthe weight loss that resulted from treatment with an M
receptor antagonist was derived primarily from an increase
thermal energy output, then one would expect to see a sien
effeet in rodents but perhaps onlv a minor effect in man. Rode
and ;'sm{lll mammals with active brown adipose tissue ( A
havi robust thermogenesis and respond well to drugs
increase energy expenditure (such as -3 agonists). The ¢
of MCH antagonists 'un'o]hese rodents may be BA T -
hypothalamic MCH negrons project to thermogeni
adiposetissue in the rat,*” and there i5 evidence that MCH n
pntl}wa‘_\’fs regulate themacfcnesis in BAT If an MCH ant
R |

3l

|
ST e
|




nist m obese rodents works through' an increase in BAT-
mediated energy expenditure. then it is unclear whether one
would 'see a comnparable effect in adult humans that lack
functiohal BAT!

For mice that lack both leptin and MCH (double-null mice).
leam}'éss was the pbserved phenotype even thaugh these animals
‘continued to display the hyperphagia consistent with leptin
deficiency. The rxduction in fat mass was caused by an increase

in energy expendliture.! If the double-null mouse represents a -

crude model for a leptin-resistant human undergoing therapy
with an MCH antagonist. then it follows that seight reduction
would stem predominantly through an inerease in energy
expenditure rather than through a reduction in food consumption.:
For many patients and physicians alike, a drug that raises
metabolic rate would represent a great advance in obesity
therapy. It needs to be demonstrated in the clinic whether ap
increase in metabolism can be achieved without a concomitant
increase in- resting heart rate, blood pressure, or internal
ten}pcmmre. wlhiich may be considered adverse effects.

Conclusion

Obesity has hecome the scourge of the developed world. and
the need for effective novel therapiés has never been greater.
With our current khowledge in the arga of hypothalamic control
of energy balence. it seems a reasonable hypothesis that an
MCOHR-1 antaizonist would represent an efficacious pharmaco-
therapy for the elinical management of the overweight patient.
With so many organizations involved in the discovery of
MCHR-1 antazonists, it is likely that one or more of them will
select clinical candidate compounds and will test the hypothesis
in the clipic, \Ve await the results with grear anticipation.

J':\ckmm'letigmcnt. We thank iGeorge Szewcezyk, Jason
Speake. and Steven Thomson for reviewing the manuseript,
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Bioisosterism: A Useful Strategy for Molecular Modlﬁcatton and D
Design

Lidia Moreire Lima and Eliezer J. Barreiro* |

Laboratorio de Avaliagdo e Sintese de Substancias Bioativas (LASSBio), Faculdade de Farmacia. Universidade
Federal do Rio de Janeiro. CCS, Cidade Universitaria, CP 68,006, 21944-190, Rio de Janeiro, R.J., Brazil '

Abstract: This review aim to demonstrate the role of bioisosterism in rational drug design as well as in the !
molecular modification and optimization process aiming to impraove pharmau.edynamlc and pharmacokinetic |
propertics of lead compounds. !
|

f
1. INTRODUCTION [isoelectronic, creatpd the concept of isosterism to
o (e 3 atoms or organic or inorganic molecules which posse
Bioisosterism is a strategy of Medicinal Chemistry for ‘same number and/or arrangement of electrons exan

the rational design of new drugs, applied with a lead ol i ,
compound (I.C) as a special process of molecular 02 xF*xNexNa' x Mg ?

modification [1]. The LC should be of a completely well (104" x S04 x POg473

known chemical structure and possess an cqually well N=N x C=0

known mechanism of action. if possible at the level of

topographic interaction with the receptor, including | COs x NO»

knowledge of all of its pharmacophoric group. Furthermore, | N=N=N x N=C=0"

the pathways of metabolic inactivation [2], as well as the

main determining structural factors of the physicochemical In 1925, Grunm [9] formulated the Hyvdride Disy
properties which regulate the bioavailability, and its side | Law, an empiric rle which states that the add
effects. whether directly or not, should be known so as'to | hydrogen atom with a pair of electrons (i.e. hyds
allow for a broad prediction of the definition of the atom, produces a pseudoatom presenting the same pl
bioisosteric relation to be used. propertics as those present i the column mﬁm

| behind on the Periodic Table of the Elements for the

The success of this strategy in developing new atom (Fig. 1), showing that any alom belongmg
substances which are therapeutically attractive has observed a 4A. SA, 6A, TA on the Periodic Table chpn"

significant growth in distinct therapeutic classes, being
amply used by the pharmaceutical industry to discover new
analogs of therapeutic innovations commercially attractive . i1
(me-too). and also as a tool useful in the molecular In 1932, Erlenmeyer [10] proposed a broadening
modification. term isosterism, defining isosteres as elements, mo
ions which present the same number of elech‘o S F'
valence level. His contribution includes the pro osi
elements of the same column on the Perjodic Ta
isosteres among | themselves (e.g. C x Si x G
creation of a concept of rings electronically equ'q\{
broadened to the term ring bioisosterism. !

properties by adc’mg a hydride. becoming ISP
pseudoatoms. '

There may be innumerous reasons for the use of
bioisosterism to design new drugs, including the necessity
to improve pharmacological gctivity, gain selectivity for a
determined receptor or enzymatic isoform subtype - with
simultancous reduction of certain adverse effects -, or even

optimize the pharmacokinetics the LC might present. JE =M
The coining of the term bioisosterism goesib

- pioneer work of Friedman and Thornber dum!!g
50s. Friedman LIlJ recognizing the usefulhess
concept isosterism to design bioactive molecules.
bloisosters as compounds which fit the def
jsosteres and which exercise their blolog,ical act
bioreceptor, whether through agonist or antagonist

In this paper, we will discuss bioisosterism as a strategy
of molecular modification, showing its importance in
building a new series of congeners compounds designed as
candidate of new drugs, giving examples of successful cascs
in distinct therapeutic classes [3-7].

2. BACKGROUND | However, l-nedtlnan introduced the term bioisoster
describe the phenomenon observed between sul
In 1919, Langmuir [8] studying the chemical behavior structurally related which presented similar or ar
and reactivity of determined substances possessing atonis or biological properties [11]. Later. Thorber [3]

groups with the same number of valence clectrons, i.e. ~ Proadening of the term bioisosteres, defining tl
| units or groups or molecules which possess p11y§1

properties of similar biological effects.

¥ Address corrospondence to this author at the Laboratério de Avaliagdo e ,
Sintese de Substincias Bioativas (LASSBio), Faculdade de Farmdcia, Over the years, innumerous bioisosterie relat:

Universidade Federal do Rio de Janeiro. CCS, Cidade Universitaria, CP been identified i “1 COl'llPOUildS both natural ands
68006, 21944. 190, Rio de Janero, R.J., Brazil. E-mail: ejb{@pharma.ufyy.br
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| Lima and B;m'af
!

24 Current Medicinal Chemistry, 2008, Val. 12, No. 1

|

Fig. (1). Grimm's hydride displacement law.

classes of uon—ster}oid anti-inflammatory dru

acetylsalicylic acid and mefenamic acids, respecti
Furthermiore, examples of the application of non
bioisosterism are also found in nature - such as
bioisosteric relationship existing between Y-amin?.b.l-i

form of broadening chemodiversity (Scheme 1), striking
among which are the classic bioisosteric relation existing’
between the essential amino acids serine (1) and cysteine (2),
tyrosine (3) and histidine (4) among the pyrimidine and

purine bascs cytosine (5) and uracile (6), adenine (7) and!
guanine (8); among the xanthines caffeine (9) and a"cidl (GABA) (13) and muscimol (14). bctwrfb'ﬁ
theophyline (10): and among the salicylic (11) and neurotransmittors glutamate (15) and AMPA (16). | :

anthranilic (121 acids, which originated two important | |
r'
II
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‘- LCLq ICs0= 80 IM: 41 1Cs0= 1500 uM: 42 1Cs0= >2500 | \ Zidovudine (AZT, 43). an important chemother;
i UM). Hence, the isosteric modifications realized reinforced  resource available for the treatment of acquired
f the hypothesis of the importance of N-quinolinic interaction | immunodeficiency syndrome, was discovered from
procclss' with hematme, the molecular target of antimalarial | pﬂopqni'es;.idemiﬁgd in nucleosides isolated from sea
action of 4-aminoquinoline drugs. The structural analysis of AZT (43). a powerful inhib
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