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SUPERINTENDENCIA DE INDUSTRIA'Y COMERCIO
DIRECCION DE NUEVAS CREACIONES

2020
Bogota, D.C.,
Abogado )
LUZ CLEMENCIA DE PAEZ.
E-mail: cavelier@cavelier.com.
ASUNTO Radicacién 10-131510
Tramite 011
Evento 378
Actuacion 519
Oficio we = 18635
Folios b34
Patente de invencién "1 Patente de Modelo de Utilidad (]
Via Nacional i
Via PCT (fase nacional) Cap. | L) capH ]

No. Solicitud Internacional PCT/JP2009/055738
Fecha de Presentacion Internacional 24 de marzo de 20089.

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

1. Documentos estudiados

Descripcion: Folios 320 a 608 22/octubre/2010
Folios 639 a 929 01/julio/2011
Reivindicaciones: Folios 609 a 619 22/octubre/2010
' Folios 930 a 936 01/julio/2011
Prioridad: JP 2008-079901 26/marzo/2008

2. Analisis de la Prioridad

Se acepta la reivindicacion 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. Objeto de la invencion
Titulo de la solicitud: “Derivado de tetrahidroisoquinoleina novedoso”

El problema planteado en esta solicitud consiste en suministrar compuestos
inhibidores de la acilcoenzima: diacilglicerol acil transferasa (DGAT), particularmente,
de la DGAT1 y por lo tanto utiles en el tratamiento de enfermedades como
adiposidad, cbesidad, hiperlipidemia, hipertrigiiceridemia, lipidosis, entre otras.

Para resaolver este problema técnico la solicitud en estudio proporciona un compuesto
de la férmula (1) y composiciones que lo contienen.

‘,L--{:;’/'TOQ/ )

Compuesto |
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El objeto de la presente solicitud se relaciona con la Clasificacion internacional
de Patentes (CIP): CO7D 217/06, 401/12, 413/12 , 417/12; AG1K 31/472, 31/4725;
AG1P 1/16, 3/04, 3/06, 3/10, 9/10, 15/08, 27/12, 29/00, 43/00.

4. De la Solicitud de Patente
Titulo

Eltitulo no corresponde con el objeto de la solicitud porgue no permite a una persona
versada en la materia identificar el campo técnico de fa invencién, ni refiere las
caracteristicas técnicas del objeto a proteger, por lo cual se sugiere al Solicitante
hacer la correcciéon necesaria.

Reivindicaciones (Art 30 D 486, Art 22 PCT)

Las reivindicaciones 1y 2 no son claras porque la expresion empleada en ellas
‘puede estar sustituido” haciendo referencia a una caracteristica esencial es
imprecisa, por lo cual no permite distinguir la invencién del estado de la técnica. Se
sugiere sustituirio por un término preciso o un rango concreto.

Las reivindicaciones 1y 2 no estdn debidamente sustentadas en la descripcion
porque de las definiciones de X, L, n, m, R1, R% R’ R* R°% RS
heteroarilaminocarbonilo, heterociclilo , Grupo A y Grupo B se obtiene un gran
numero de compuestos, muchos de los cuales no estan divulgados en la forma de
ejemplos de la invencidn dentro del capitulo descriptivo, se sugiere restringir la
solicitud a una razonable generalizacion del tipo de compuestos que han sido
sintetizados o probados, es decir, que se encuentran debidamente sustentados. El
siguiente cuadro ejemplifica la afirmacion anterior y presenta los sustituyentes que se

encuentran soportades en la descripcioén.

Sustituyentes de acuerdo con la reivindicacion 1 de la . .
ye sollc?tu d eivindicacié Sustituyentes soportados en |a desgcripcién
.;ennja‘ljzn:\mocarbomlo sustituido con 1 a 5 sustituyentes del feriaminocarbomio
- , .. (heteroanlo de 5 o & miembros can por io menos un atome de
gz:gg;:nlammocarbonllo sustituido con 1.2 2 sustiuyentes del nitrégens) aminocarbonile (Pindin, Pirazm, Pirazol, Isoxazol y
R1 benzoxazol-2-ilo sustituido con 1 a 3 sustituyentes del grupc A. g;anzgl azol-2lo
benzotiazol-2-ilo sustituide con 1 a 3 sustituyentes del grupo A, benzotiazol 2'”0
aminccarbonile  (alquile de  Cy- ue puede estar oo . . N
menosustituido cc(:nqun grupo cic;ogtsqui?o) P ? aminocarbenilo (Isppmpu, _terbut_rl y ciclohexiimetil)
amirocarbonilo (cicloaiquiio. de Ca-Ce) amanocarbcn_llu (ciclopentilo y ciclohexiio)
adamantilaminocarbonilo: adamantilaminocarbonile,
ﬁz alquilo de C,-Cg metilo
oxigeno .
metilena oxigeno
X NH. metileno
metileno  manosustitulde alquile de €,-C, o -N{R'}- “NH-
donde R es alquilo de Cy-Cs
enlace simple enlace simple
metileno metiileno,
L 1,1-dimetiimetileno 1,1-dimetlimetitenc
Etileno etileno
«CH= -CH=
metileno monosustituide alquilo de C.-Ce metilens monosustituide alquilo de C,-Cq
3 heterocfclico‘ ’ neteromonociclo de § miembros con por lo menos un atomo
R ~(:(=CJ)-O-R5 . de nitrégene (Oxazol, Oxadiazol, Pirazo!, Isoxazol y Tetrazol)
-C(=0)-N{RYR -C(=0)-0-R* -C{=0)-N{RR®
hidrégeno,
iquilo d . i i .
. SIEILSODB. e CeCqsustituldo con 1 a 3 sustituyentes del hldr@geno, - .
R clcloalquilo de Co-Csque puede estar monosustituido aquuios de C.-Cssustitwido con 1 a 3 sustituyentes del
con un grupo carboxilo, heterociclico sustituldocon1a grupo B.
3 sustituyentes del grupo A.
hidrogeno. hidrégeno
alquilo ds C4-Cgsusttuido con 1 a 3 sustituyentes del ' alquilo de C.-Cy sustituido con 1 a 3 sustituyentes del
Rs grupe B, grupo B
cicloalquilc de Cy-Caque puede estar monasustituido con | cicloalquilo de C3-Csque puede estar manosustituide con
un grupo cazboxilo. un grupo carboxilo.
heteroclclico sustituido con 1 a 3 sustituyentes dal grupo A heterocichco sustituido con 1 a 3 sustituyentes del grupo A,
6 hidrégeno. hidrdgeno.
R alguilo de C,-Cs sustitvido con 1 a 3 sustituyentes del | alquilo de C.-Cesusiituido con 1 a 3 sustituyentes del
_grupo B. grupo B.
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En la rewmducamones 1y 2, las caracteristica esenciales definida porque ‘R> es
heterociclo” y “R' es Heteroanlammocarbomlo no estan ejemplificadas aquellas
modal:dades en las que R® no son Oxazol, Tetrazol, Oxadiazol, Pirazol y Isoxazol y
"R" no son Piridin, Pirazin, Pirazol, [soxazol y Tiazol" se sugiere restringir la solicitud a
una razonable generalizacion del tipo de compuestos que han sido sintetizados o
probados, es decir, que se encuentran debidamente sustentado en la descripcion.

5. Unidad de invencién (Art 25 D 486)

La Solicitud no cumpie con el Requisito de Unidad de Invencién porque se refiere a
por lo menos 4, Grupos Inventivos.

Los Grupos Inventivos estan definidos por las siguientes caracteristicas esenciales:

1° Compuestos en los cuales el nucleo esta caracterizado por ser derivados
{ciclohexil o ciclopropil) éster o amida del &cido-6[(fenil o heteroaril monociclo o
cicloalquil C3-C6)-ureido]-3.4-dihidro-1H-isoquinolina-2-carboxilico.

2° Compuestos en los cuales el nicleo esta caracterizado por ser derivados
(ciclohexil o ciclopropil) éster o amida del acido-6-(benzoxazol o benzotiazol o
ciclofusionados-2-ilamino)-3,4-dihidro-1H-isoquinolina-2-carboxilico.

3° Compuestos en los cuales el nucleo esta caracterizado por ser derivados
(ciclohexil o ciclopropil) éster o amida del acido-6[(alquil C1-C8)-(cpcionalmente
sustituido con cicloalquilo)-ureido]-3,4-dihidro-1H-isoquinolina-2-carboxilico.

4° Compuestos en los cuales el nucleo estd caracterizado por ser derivados
(ciclohexil o ciclopropil) éster o amida del acido-6-(-adamantan-1-il-ureido)-3.4-
dihidro-1H-isoquinolina-2-carboxilico

Los grupos Inventivos de acuerdo con las realizaciones preferidas, son descritos a
continuacion:

GRUPO CARACTERISTICA ESENCIAL DE GRUPO REALIZACIONES
INVENTIVO INVENTIVO (Estructura quimica central) PREFERIDA DEL
GRUPQ INVENTIVO
{ciclohexil o ciclopropil) éster o amida del cido-6[(fenil 1-16
o heteroaril monociclo o cicloalquil C3-Cg)-ureido]-3,4- 18-24
dihidro-1H-isoquinolina-2-carboxllico 26-46

P! 48-80

i 83-84
J\/O*Oj ° oo
H’C‘o o Ejemplo 1 99-108

(ciclohexil o ciclopropil) éster o amida del acido-6-
(benzoxazol o benzotiazol o ciclofusionados-2-ilamino)
3.4-dihidro-1H-isoquinslina-2-carboxilico

f
oM,
LY
w Ejemplo 25

2547y 98

{ciclohexil o ciclopropil) éster o amida del acido-6[(alquil
C4-Cg)-(opcionalmente sustituido con cicloalquilo)-
ureida]-3,4-dihidro-1H-isoquinolina-2-carboxilico

3 wﬁ\gﬁ\gm, 818-582
O '
HOY

Ejemplo 81
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{ciclohexil o ciclopropil) éster o amida del acido-6-(-
adamantan-1-il-ureido)-3.4-dihidro-1H-isoguinolina-2-
carboxilico

4 o A A 86
SORR

. .0 N
ISR
HO

Ejemplo 86

l.a evaluacion de la unidad de invencién para esta solicitud fue efectuada a través del
método problema-solucién en forma a posteriori y se presenta en el examen de
patentabilidad efectuado al primer grupo inventivo, encontrandose que los
documentos D1 y D2 anticipan el concepto comdn inventivo de la solicitud. En
consecuencia, la solicitud no cumple el requisito del Articulo 25 de la Decision 486 de
2000 de la Comision de la Comunidad Andina de Naciones. Este despacho sugiere
presentar las solicitudes divisionales que considere necesarias, ¢ limitar la solicitud
inicial a una sola invencion, eliminando de ella las otras invenciones.

6. Determinacion del Estado de la Técnica
El estado de la técnica se determind con base en la fecha de Presentacion de la

solicitud de prioridad: marzo 26 de 2008 y se encontraron los siguientes documentos
que anticipan el objeto de esta solicitud:

item Documento Titulo ng‘l:ilg:ccilgn
D1 WO 2006/004200 Urea derivades 12/enerof2006
Current Medicinal Bioisosterism: A Useful Strategy for
D2 Chemistry, 2005, Molecular Modification and Drug 2005
Vol. 12, No. 1 Design

D1:http:/iworldwide.espacenet.com/publicationDetails/originalDocument?F T=D&date=
20070321&DB=EPODQOC&locale=en EP&CC=EP&NR=1764360A1&KC=A1&ND=4
divulga (Pag. 47. Tab. 3) una serie de derivados del compuesto formula VII
inhibidores de la de la DGAT1.

& -
R \!/j 2
- R
\v/\/ \N/ "\N/

Hoo* Compuesto VIl

Adicionalmente, da a conocer a través de sus realizaciones preferidas los
compuestos 3-66 (Pag 48, Tab 3) y 3-151 (Pag 50, Tab 3)

— Kow | 4N
( YO (0T
p ...OT'O(D/ 0 i L ‘Lr‘O::r

MO

."‘-v-—a—ll

Compuesto 3-66 Compuesto 3-151

D2: divulga (Pag 1. Int.) que el bioisosterismo es una estrategia de la quimica
medicinal para el disefio racional de nuevos farmacos, el cual a parir de un
compuesto lider o base a través de un procesos especial de modificaciones
moleculares. El objeto de este proceso es desarrollar nuevas sustancias que son
terapeuticamente atractivas y se ha observado una
un crecimiento significativo en distintas clases terapéuticas, siendo
ampliamente utilizado por la industria farmacéutica para descubrir nuevos
analogos de las innovaciones terapéuticas comercialmente atractivos
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y también como una herramienta uti en el nivel molecular
maodificacion.

7. Examen de Patentabilidad (Art 14 D486)
Nivel Inventivo (Art18 D486)

Teniendo en cuenta la falta de unidad de invencién, se elige el primer grupo inventivo
para estudiar la patentabilidad de la invencion el que se encuentra definido en la
retvindicacidén 1 porque consiste en un compuesto derivado (ciciohexil o ciclopropil)
éster o amida del acido-8[(fenil o heteroaril monociclo o cicloalquil C;-Cg)-ureido)-3,4-
dihidro-1H-isoquinolina-2-carboxilico y ejemplificado por los compuestos 1y 2.

Comparacion de las caracteristicas técnicas esenciales, con las del Estado de la
Técnica:

Solicitud D1 D2

Un compuesto de fOrmulf ! Un compuesto de formula VII

¢ A, ™
7Y A«
/L ’vl (‘;!u \_‘/ \\N N/R
M

o
. 1A,
m

H
Compuesto VI

Compuesto |
R’ R’
Le;;i;arr:g;o:arbonilo sustituido con 1 a 5 sustituyentes Fenito mono o di sustituido
’ X
he A
[+
-NH-C(=0)-
Conde X es O o NH
-0-C{=0)- Divulga que el
—~ bioisosterismo es
),L—{: ; R? una estrategia de la
® i, quimica medicinal
" Z-Me-ciclohexil (gjemplos 3-61-3-70) para el disefio
Donds IEifesei«I<t£|::|-‘i120002’-1 4-CHCO,H-2-Cl-fenil (ejemplos 3-151-3- | racional de nuevos
- : ____160) i farmacos
Realizacién Preferidas Realizacion Preferidas
H . £
WO f J 1
| Mo ' o
N » ’ 0
Compuesto 1 Compuesto 3-66 (Pag 48, Tab 3)
F
ET}] 1
vers n @,DYO’JYG
| i '.
JO° {
—
Compuesto 2 Compuesto 3-151 (Pag 50, Tab

3)

Eldocumento D1 se considera el estado de la técnica cercano a la invencién definida
en la reivindicacion 1 porque divulga una serie de derivados del ciciohexil &ster o la
amida del acido-6[(fenil-ureido]-3,4-dihidro-1H-isoquinolina-2-carboxilicoinhibidores
de ia diacilglicerol acil transferasa (DGAT).

Las diferencias entre la invencion, definida en la reivindicacién 1 en el caso del primer
grupo inventivo y el compuesto 3-66 del documento D1 corresponde a 1.) que la
invencién define que en la posicion 4 de anillo ciclohexil un sustituyentes L-R*Y el
documento D1 no ejemplifica esta opcidn para el anillo ciclohexilo. Sin embargo,
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refiere a través de sus realizaciones preferidas los compuestos 3-151 y 3-150 en los
gue se incluye un sustituyente acetilo o carboxilo en la posicion 4 del grupo fenilo que
es una serie bioisostéra del anillo ciclohexilo.

Por lo tanto, el problema técnico objetivo que pretende resolver esta invenciéon se
puede formular asi: “"cdmo modificar el compuesto 3-66 conocido en D1 para obtener
nuevos inhibidores alternativos de la diacilglicerol acil transferasa (DGAT).

Sin embargo, dado que el documento D1 refiere los compuestos pueden teneren la
posicion 4 del anillo fenilo un sustituyente acetilo o carboxilo y que el grupo fenilo es
una serie bioisdstera del grupo ciclohexilo y que el documento D2 refiere que el
bioisosterismo es una estrategia de la quimica medicinal para el disefio racional de
nuevos farmacos, resulta obvio para la persona versada en la materia introducir
dichas modificaciones estructurales.

Por lo tanto, existia suficiente motivacion o sugerencia para modificar el compuesto
3-66 conoccido en D1, con el fin de obtener nuevos inhibidores aiternativos de la
diacilglicero! acil transferasa (DGAT) incluyendo un sustituyente acetilo o carboxilo u
otra serie bioisdstera de estos grupos en la posicidén 4 del anillo ciclohexilo como lo
sugiere el documento D2, para asi llegar al objeto de la reivindicacién 1. Porlo cual la
reivindicacion 1 en lo que respecta al primer grupo inventivo se considera obvia.

Puesto que las reivindicaciones dependientes 2-18 no mencionan caracteristicas
inventivas adicionales para el primer grupo inventivo tampoco se pueden considerar
inventivas

La reivindicacion 19 revela: "Una composicidén farmacéutica que comprende como
ingrediente activo de la misma un compuesto o la sal farmacolégicamente aceptable
del mismo de cualquiera de las reivindicaciones 1 a 18."

Comparacién de las caracteristicas técnicas esenciales, con las del Estado de la

Técnica:
Caracteristicas esenclales D1 D2
Composicitn farmacéutica Composicién farmacéutica gue
gue comprende: comprende:
U to de formula | Un derivado de |la urea o su sal Divulga que el
N compuesto de formula farmacolégicamente aceptable de bioisosterismo es una
C/IL:]/"*W formula | estrategia de la quimica
x_ A medicinal para el disefio
(L_(_:J/ \f RN ‘ oS 2 racional de nuevos
R T ; /\N/LN/R} farmacos
Compuesto | oo
P Compuesto VI

El documento D1 se considera el estado de |a técnica cercano a la invencion definida
en la reivindicacion 19 porque divulga una composicion farmacéutica que comprende
una serie de derivados del ciclohexil éster o la amida del 4cido-6{(fenil-ureido]-3,4-
dihidro-1H-isoquinolina-2-carboxilico.

La diferencia entre la invencion, definida en la reivindicacion 19 y la composicion
divulgada en el documento D1 consiste en la caracteristica correspondiente a que la
invencion define que en la posicion 4 de anillo ciclohexil de los compuestos que son
parte de la composicién esta presente un sustituyentes L-R® y el documento D1 no
ejemplifica esta opcion para el anillo ciclohexilo.

El efecto que logra sustituir el principio activo de los compuestos de férmula |
divulgados en D1 en composicién farmacéutica es obtener composiciones
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farmacéuticas alternativas inhibidoras de la diacilglicerol acil transferasa (DGAT)

Por lo tanto, el Problema Técnico Objetivo que pretende resolver esta invencion se
puede formular asi: “Sustituir el principio activo en la composicién farmaceuncas
dwulgadas en D1 por un principio activo que tenga un sustituyentes L- R®en la
posicién 4 de anillo ciclohexil de los derivados del ciclohexil éster o la amida del
acido-8[(fenil-ureido]-3,4-dihidro-1H-isoquinolina-2-carboxilico”.

Sin embargo, dado que el documento D2 refiere que el bioisosterismo es una
estrategia de la quimica medicinal para el disefio racional de nuevos farmacos,
resulta obvio para la persona versada en la materia sustituir el principio activo por uno
que tenga las modificaciones estructurales sugeridas

En consecuencia, la persona del oficio normalmente versada en la materia, estaria
motivada o tendria suficiente expectativa de éxito para sustituir el principio activo de
la composicion farmacéutica divulgada en D1 sustituyendo el compuesto [ por un
principio activo que tenga un sustituyentes L- Rienla posicién 4 de anillo ciclohexit de
los derivados del ciclohexil éster o la amida del acido-6[(fenil-ureido]-3,4-dihidro-1H-
isoquinolina-2-carboxilico, de la manera que lo sugiere los documento D2, para llegar
asi al objeto de la reivindicacién 19 de la solicitud. Por lo cual se considera es obvia.

8. Conclusion

Los requisitos de Patentabilidad de |la presente Solicitud estan afectados asi;

item Documento Reivindicaciones afectadas Requisito que afecta
D1 WO 2006/004200 1-19 Nivel Inventivo
Current Medicinal
D2 Chemistry, 2005, 1-19 Nivel Inventivo
Vol. 12, No. 1

En cumplimiento del articulo 45 de la Decisién 486 de la Comisién 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 notificacién de la presente comunicaciéon. En caso de
no dar respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran
los impedimentos para la concesion, se denegara la patente.

Se invita a! solicitante se sirva indicar, si asi lo considera, su renuncia al término
faltante (60 dias) 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 requerimiento fue notificado por fijacién en lista, de fecha 23 2

Revisado Por: Consuelo Leguizamon Leguizamén.
Aprobadeo por: José Luis Salazar Ldpez.

Elaborado por: Lenin Roberto Guerrero.—m (,K
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Current Medicinal Chemistry, 1005, 12, 2349 pal

Bioisosterism: A Useful Strategy for Molecular Modification and Drug

Design

Lidia Moreira Lima and Eliezer J. Barreiro®

Labaratirio de Avaliacdo e Sintese de Substincias Binativas (LASSBio), Faculdade de Farmacia, Universidade
Federal do Rin de Janeiro, CCS, Cidude Universitdrin, CP 68.006, 21944-190, Rio de Janeiro, R.J., Brazif

Abstract: This review wim to demonstrate the rale of bioisosierism in rational drug design as well as in the
molecular modification and optimizatian process aiming {0 improve pharmacodynamic und phormacokinetic

properties of lead compounds.

1. INTRODUCTION

Bicisosterism is a strategy of Medicinal Chemistry for
the rational design of new drugs, applied with a lead
compound {LC) as a special process of molecular
modification [1]. The LC shoutd be of a completely well
known chemical structure and possess on equally well
known mechanism of action, if possible at the level of
tapographic inleraction with the receptor, including
knowledge of all of its pharmacophoric group. Furthermore,
the pathways of metebolic inactivation {2]. as well as the
main determining structural factors of the physicochemical
properties which regulate the bioavailability, and its side
cffects, whether dircctly or not, should be known 50 as to
allow for a brond prediction of the definition of the
bioisosteric relation to be used.

The success of this strategy in devetoping new
substances which are therapeutically attractive has observed a
sighificant growth in distinct therapeutic classes, being
amply used by the pharmaceutical industry 1o discover new
annlogs of therapeutic innovalions commercially attractive
(me-too), and also as a tool vseful in the moleculor
modification,

There may be innumerous reasons for the use of
bicisosterism to design new drugs, including the necessity
lo improve pharmacological setivity, gain selectivily for a
derermined receptor or enzymatic isoform subtype . with
simultancous reduction of certain adverse effects -, or even
optimize the pharmagcokinetics the LC might present,

In this paper, we will discuss bioisoslerism as a stralegy
of molecular modification. showing i1s importance in
building o new series of congeners compounds designed as
candidate of new drugs, giving examples of successful coses
in distinct therapeutic classes [3-7].

2. BACKGROUND

In 1919, Langmuir [8] studying the chemical behavior
and reactivity of determined substances possessing atoms or
groups with the same number of valence clectrons, fe.

* Address comespondence to this awthor ar the Laborntdrio de Avalinchio ¢
Sintese de Suhstincias Bicativas (LASSBiv), Faculdede de Fannicia,
Universidade Federal do Rin de Janeiro. CCS, Cidade Universitdrin, CP
68.006,21944.190, Rio de laneiro, R.)., Bruzil. E-mail: ejbfpharma.ultj.be

0929867305 550.00+.60
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isoelectronic, created the concept of isosterism to define
atoms or organic or inorganic malecules which possess the
samg number and/or armangement of electrons examples:

02 x F- x Ne x Na* x Mg*?
CI04 x 5042 x POy
N=N x C=0
CO; x NGOy
N=N=N x N=C=0"

In 19235, Grinum [9] formulated the Hydride Displacement
Law, an empiric rule which states that the addition of a
hydrogen atom with a pair of electrons (i.e. hydride) to an
atom, preduces a pscedoatom presenting the same physicol
properties as thosc present in the column immediately
behind on the Periodic Table of the Elements for the initial
atom (Fig. 1), showing that any atom belonging to groups
4A, 5A, 6A, 7A on the Periodic Table change their
properties by adding a hydride, becoming isoelectronic
pscudoatoms,

in 1932, Erlenmeyer {10] pruposed a broadening of the
term isosterism, defining isosteres as clements, molecules or
jons which presend the same oumber of clectrons at the
valence level. His contribution includes the proposition that
elements of the same column on the Periodic Table are
isosteres among themselves (e.g. C & 8i % Ge) and the
creation of 4 concept of rings clectronically cquivatend, later
brondencd to the term ring bicisosterism,

The coining of the term bioisosterism goes back to the
pioneer work of Fricdman and Thomber during the carly
50s. Friedman [11}), recognizing the usefulness of the
concept isosterism 1o design biooctive molecules, defined
bioisosters as compounds which fit the definitions of
isosteres and which exercise their biological activity of
bioreceptor, whether through agonist or antagonist actions.
However, Fricdman introduced the term bioisosterism to
describe the phenomenon observed between substances
structurally related which presented similar or antagonistic
biological praperties [11]. Later, Thornber [3] proposed a
broadening of the term bioisosteres, defining them as sub-
units or groups or molecules which possess physicochemical
properties of similar biological effects.

Over the years, innumerous bioisosteric relations have
been identified in compounds both natural and synthetic. In
nature, we have identified many cxamples of isosterism as a

© 2005 Bentham Science Publishers Lid.
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Fig. (1). Grimm's hydride displacement law.

form of broadening chemodiversity (Scheme 1), striking
among which are the classic bioisosteric refation existing
between the essential amino acids serine (1) and cysteine (2),
tyrosine {3) and histidine (4} among the pyrimidine and
purine bases cytosine (5) and uracile {6}, adenine (7) and
guanine (8); among the xanthines caffeine (9) and
theophyline (10}: and among the salicylic (11) and
antheanilic (12} acids, which originated two importont

classes of non-steroid anti-inflammatory drugs. e.g.
acetylsalicylic acid and mefenamic acids, respectively.
Furthermore, examples of the application of non-classic
bivisosterism are also found in nawre - such us the
bicisosteric relationship ¢xisting between y-aminobutyric
acid (GABA)Y (13) and muscimol (14), between the
neurotransmiuors glutamate {15) and AMPA (I16),

0 0
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H.
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H H H
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)\ |~ J\ |2
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NH;
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Scheme 1.
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3. CLASSIFICATION OF BIOISOSTERISM:
CLASSIC AN NON-CLASSIC

lo 1970, Alfred Burger classified and subdivided
bioisotercs inlo two broad calegories; Classic and Non-
Classic [12} (Scheme 2).

Bioksoste fism

o g

Classic Noa-Clasyic

i U

o Munu, i, Td, Tewavalent eFunctivnal Grsups
#oms or groups +NonLydicor Cyelic
« Ring Equivalents « Retroisoster sm

Scheme 2.

Burger's definition significantly brondened this concept,
now denominating those atoms or molecular subunits or
functional groups of the same valence and rings equivatents
as classic bioisosteres. (Table 1), while non-classic
bioisosteres were those which practically did not fit the
definitions of the first class (Table 2.

| Classic Bioisesteres (Table 1)
1.1 Monovalent atoms or groups
1.2 Divalent atoms or groups
1.3 Trivalent atoms or groups
1.4 Tetrasubstituted aloms
1.5 Ring equivalents

2 Non-Classic Bioisosteres (Table 2)
2.1 Cyclic vs Noneyelic

22 Functional groups
23 Rerroisosterism
Toble 1 Classic Binisostere Groups and Atoms
AMonovalenr Divalent Trivalenr Tetravalent
+-OH, -NHy, -CH,, -OR -CHy- «CH- =C=
-F CL, -Br, - I, -SH, -PH,, -0- =N- =Si=
-5k -SR -§- -P. -t
St =As- =-pt=
~Te- =5b- =Ar'm
a5hta

Many authors have contributed to updating the tables of
functional bioisosters groups, which explains why, in that
which we refer 10 as non-classic bioisosterism, we have
observed a growing number of bioisosteres described in the
titerature [6-7].
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4. BIOISOSTERISM AS A STRATEGY OF
MOLECULAR MODIFICATION

Among the most recent numerous examples used in the
strategy of bioisosterism  for designing new
pharmacotherapeutical ly attractive substances [6-7,13]. there
is a significant predominance on non-classic bioisosterism,
distributed in distinct therapeutic categories, be they
selective receptor antagonist or agonist drugs, enzymalic
inhibitors or anti-metabolites. The use of classic
bioisosterism for the structural design of new drugs, while
less numerous, has also been carried out successfully [6].

The correct use of bioisosterism demands physical,
chemieal, electronic and conformational parameters involved
in the planned bioisosteric substitution, carefully analyzed
so as to prodict, although theeretically, any eventual
alterations in terms of the pharmacodynamic and
phanmacokinetic properties which the new bioisosteric
substarnce presents.

Thus being, any bioisosteric replacement should be
rigorausly preceded by carcful analysis of the following
parameters [5]:

0) size, volume and ¢lectronic distribution of the atems
or the considerations on the degrec of hybridization,
pelarizability, bonding angles and inductive and
mesomeric effects when fitting;

b} degree of lipidic and aqueous solubility, so as to
allow prediction of alteration of the physicochemical
properties such as JogP and pKa;

c) chemical reactivity of the functionol groups or
bicisosteric struclural subunits, muinly to predict
significont alierations in the processes of
biotransformation, including for the eventual
alteration of the toxicity profile relative to the main
metabolites;

d) conformational fsctors, inciuding the differential
capacily formation of inter- or intramolecular
hydrogen bonds,

4.1. BIOISOSTERISM AND ALTERATIONS OF
PHYSICQCHEMICAL PROPERTIES

Some bioisosteric groups dramatically alter the
physicochemical properties of substances and. therefore, their
activities. This can be easily understood by comparing
classic isosteres resulting from bioisosteric replacement
between hydroxyl (~OH) and amine (—NH?), an example of
classic bioisosterism of monavalent groups according to
Grimmn's Rule. In this case, considering the bioisostcric
replacement of aromatic amine present in aniline (18) by
hydroxyl, we have phenol (17) (Scheme 3) resulting in 2
significant change in the acid-basc propertics of isosteres,
with dramatic modification of the pKa of the compounds,
which is responsible for the distinet pharmacokinetic profiles
among the isosteres in question. Furthermore, in terms of
molecular recognition of a given receptor site, we have o
change form one positively charged function (-NH3*),
originating from basic aromatic amine function (pKb = 9,30)
by another acid (pKa = 10,0} present in phenol, which maoy,
guite probably, abolish the original activity [14]. Thus, in
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Table 2 Nan-Classic Bioisostercs
-CO- COOH SO,5H, -H i -CONH- -COOR CONH,
COy- SOH -PO(ON)NIL, -F NACO- -ROCD- -CSNII,
-S5O -tetrazole
-S0;NR- -SO;NHR -OH «zatechol
-50,NH, -CH,0H
=COM- -3-hydrosylsoxarole ’ -benzimidazele
-CHICN)- | -2-hydrosychromones NHCONM, CH,S
R-S-R -NII-CS-NHy -CyHN
(R-O-R") =N- -CiH
R-N(CN)- CICN)=R' -NH-C{=CHNO-NH; “CHNH
NH-C{=CHCN)-NH,
~halldes ‘HJ
-CF,
R - _.ch - — [ —— — - I
i “N(CN),
I =C{CN), (

this example, we may predict that the use of bioisosterism,
even the classic lype, can promote severc alterations of
melecular properties, ns much in terms of lipidic-aqueous
solubility as well as chemical reactivity, among others,
which. breadly speaking, is not observed in the same
homologue carbonic serics. (herwise, the system's
enzymatic capacity for hepatic detoxification of xenobiotics,
involving the microsomal mixed function oxidasc alse
called cytochrome P-450 system[l4], is distinct in the
presence of these functional isosteric groups. which does not
altow a simplistic comparison hetween the lead compound
anilinc (18} and the hydroxylaied isosteee (17) in terms of
metabolism, altering, therefore, the pharmacokinetic phase as
well as the pharmacodynamics of the isosteres,

sales

17 18
M H
1
N,
G A
X oH
19 J
N‘CH
0. ’
HyC”
20

Scheme 3.

Another classic example of isosteric replacement
involving phenol (PhOH), can be found in the scarch for
adrenergic derivatives, structurally related to catccholamines
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(Scheme 3) [15). This example illustrates the exchange of
phenolic hydroxyl group present in compound 19 with the
arilsulfonamide unit in compound 20, through the usc of
non-classic bioisosterism of functional groups.

The results obtained. camying out bicassays with these
compounds, wilness comparable biological activilies
through the mechanism of equivalent action, allowing us to
conclude that both functional groups invalved are authentic
bicisosieres. This bioisosteric relationship  was
experimentally evidenced by determining the degree of
acidity of these substances. Both compounds arc of
comparable acidity (pKa = 9.1 and 9.6 respectively),
explaining the similarity of biological profile in function of
cquivalent interactions of both molecules with site receptor,
possibly through ionic bonding, in the presence of a similar
acidity or even through hydrogen bonding [15].
Furthermere, both acidic groups , i.e. R-PhOH and R-
PhNHSO;CH; are, in this case, monevalent groups.
However, the identificd bioisasteric relationship between the
PhQH and PANHSQ;CHj groups, confirmed for adrenergic
derivatives 19 and 20, is not extensive to other bioreceptors
in which the process of malecular recognition is distinct. An
example of how isostere groups can, in certain sysiems, nol
maintain a bioisosteric relationship, previously defined in
another biorceeptor, is well illustrated with the analyses of
21 and 22, deseribed by McCurdy and coworkers (Scheme 4)
[16}. The steuctural design of 3-sulfonamido compound 22,
targeting the attainment of new bonds for opioid receptors,
was based on the structurnl data of lead compound 21, which
point to the relevance of phenolic hydroxyl as site of
molecular recognition. This way, the replacement OH by the
NHS0QCH; group would respect the acidic properties and
the characteristics donor and/or nceceptor H-bonds as
cvidenced by the previous work of Larsen and Lish {1964},
Nonetheless, the determination of the phammacological
properties of arilsulfonamide derivative 22, evidenced the
absence of affinity by the opioid reeeptors, in vitro models,
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indicating that in this system the groups PhOH and
PhNHSO2CH; are not bioisosteres, despite their great
structural similarity,

Scheme 4.

Thus, when bioisesteric replacement occurs in functional
groups involved in the pharmacophore subunit of o cemain
bioactive substancc, the relative activity of the resulting
compounds may be dramatically medified, However,
bivisosteric replacement which successfully occurs in o
series of compounds acting as a type of hioreceptor. will
not necessarily be successful in another therapeutic serfes,
acting through other receptors,

5. CLASSIC BIOISOSTERISM

5.1, Bioisosterism of Mono-, Di-, Tri- and Tetravalent
Atoms or Groups

In the search for new anti-hypertensive drugs analogous
to clonidine (23), with & greater selectivity by 1; imidazoline
receplors {||R) and reduced action on ap-adrenoceptors,
Schann and coworkers described the attainment of new
candidates for anti-hypertensive drugs designed by molecular
modifications in the structurc of the lend compound
rilmenidine (24) {Scheme 5) [17], These modifications were
based on classic bioisosterism of bivalent groups,

HE H a H
| 3 i
N N N

...... -
N s T - N
a
2 24

Scheme &,
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exemplified by replacement of the bivalent oxygen atom (O)
present in the oxazoline ring, by the methylene group (CHy),
in the structure of the new pyrroline derivative (25); and
between replacement of monovalent groups illustrated by the
substitution of hydrogen atoms (H) in C4 and C-5 of
derivative (25) by the methyl group (CH;), originating the
cis/trans-4,5-dimethyl homologue 26 [17), The binding
tests with 1| R and oz-adrenoceptors evidence that the
modifications occurring in the structure of rilmenidine (24),
allow the attainment of derivatives with affinities
comparable (o lead compound (24). although with a superior
selectivity for 1| R , and illustrated an cxample of the success
of classic bivisosterism.

To develop new HIV-protease inhibitors, Rocheblave and
coworkers described the bicisosteric exchange between
bivalent groups {(Scheme 6), realizing the exchange of the
methylene group (CHs), present in the structure of the lead
compound amprenavir {27), for the sulfur atom (S) in 28
[18]). Knowing, a priori, that this isosteric replacement
could induce severnl medifications in terms of size, shupe,
clectronic distribution, chemical reactivity, lipophilicity and
hydrogen bonding capacity, this ncw isoster was
synthesized, and its sicreoisomeres were duely separuted by
HPLC and tested as recombinant HIV protease inhibitors,
The results obtained revealed that the four diastereoisotners
tested were only weak inhibitors of recombinant HIV
protease, while the diastercoisomer (28a), of the same
absolute configuration as the tead compound amprenavir
(27}, being ca. 1400 less potent than 27. These results could
ke explained by the high sensitivity to hydrolysis of thio-
isoster 28a-d. In faci, the half-life volue found for
thiophcnoxy derivative 282-d was 10 min, while amprenavir
(27} was recovered unchanged after 1440 min.

Another iltustration of the application of classic
biaisosterism ean be found in the works of Penning and
coworkers (Scheme 7} [19]. Continuing the research to find
new anti-inflammatory drugs acting through the selective
inhibition of prostaglandin-H synthasc-2 (PGHS.2) or
cyclooxygenase-2 (COX-2), the authors investigated the
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Scheme 6.

effect of isosteric modifications on the struciure of lead
compound SC-58125 (29). to improve its pharmocokinetic
properties. In spite of the high ratc of selectivity by PGHS-2
(51> 1000) and goed inhibitory potential. the derivative SC-
58125 (29) exhibited a half-life of over 200 h, thus reflecting
ils low susceptibility in the presence of the complex enzyme
invoilved in the heputic metabolism of xenobiotics. Hence.
the authors suggested two classic bioisosteric monovalent
group replacements, represented by replacing the methyl
group, (CHj) by the NH; group and cxchanging the ftuorine
atem {F) with thc CHy group {Scheme 7). Both isosteric
replacements suggested allow introducing into the structure
of the new bipisostere of SC-58125, vulnerable soft
metabolic sites laking advantage of the effect of the first
passage through reaclions of conjugation with glucuronic
ncid and the benzylic hydroxylation catalyzed by CYP450,
respectively. This new bioisostere oplimized by SC-58125,
i.e. celecoxib (30), of a half-life of from 8-12 h, was
introduced on the Brazilian market in 1999 by Pfizer/Scarle
Laboratories lo treat rheumatoid arthritis and other
inflammatery conditions, being the first non-steroidal anti-
inflammatory drug (NSAID) acting selectively upon the
induecible isoforn prostaglandin-H synihase (i.e, PGHS-2)
and, therefore, without the imritating pastric effeets typical of
the first generation NSAIDs [20].

Scheme 8,
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Litma and Barreira

18 NH;

280 5, 5 R=1C =14 pM

28b 5. 5 S = I = 116 uM
e 5 R, §=1Cy, =125 uM
2Kd 5, R R= K= 16,7 uM
275, 5, B = ICyp = 0,001 uM

Wg=2l1h h*Bal2h

S ([COX-200X-1) => 1K) §1(00X-2/COX-1) = 375

Scheme 7.

The design of dichloroisoproterenol (32) from
isoproterenc| (31) is, without o doubt, an unique example of

the contribution of the application of bioisosterism 10

optimize pharmacodynamic and pharmacokinetic properties
of new drugs (Scheme 8). The replacement of catecholic

hydroxyls, present in isoprotercnol (31), by the monovalent
chloro (Cl) group in the structure of dichloroisoproterenot
(32), represented o useful strategy to obtain new anslogs
with half-lives greater than the tesd compound 31, since this
bigisosteric replacement allows blocking one of the main
sites of metabolism of this catecholamine derivative,

UH'I"
N

CHy

CH3

hJ
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Furthermore, the discovery of dichloroisoproterenol (32),
made feasible the comprehension of the relevance of
structural characteristics of the catecholic subunit for
adrenergic activity, allowing a posteriort the discovery of
pronethalol (33}, the first selective antagonist for adrenergic
receplors for subtype B. Pronethelol(33), discontinued during
the 1980s, was the precursor of propranclol (33a), a
therapeutic innovation which revolutionized the treatment for
hypertension. The discoverer, $ir James Black, received the
Nobel Prize in Medicine for this feat and his discovery was
the lead compound for innumerous other more sclective
adrenergic B antagonists,

C
e o
N _-CHy He )
N
LI
e
D g6
cl Qa
o [P
Scheme 10,

The bioisosteric replacement of the bivalent oxygen (O)
atom by sulfur (S) resnlts in a significant alteration in
lipophilicity, and may be used in the design of new drugs to
act upon the central nervous system (CNS). Van Vliete and
coworkers (Scheme 9), in their search for sclective agonists
of dopaminergic receptors, sublype 3 (D3}, molecular target
for the design of anti-psychotic drugs, realized modifications
in the hexohydronaphthoxazine sysiem present in lead
conpound 36, an analog conformationalty restricted to
depamine (34), of high potency and low selectivity [2E].
These structural modifications, based on the bicisosteric
exchange of the methylene (CHy) group in 37, by oxygen
{Q) and sulfur (8) stoms in compounds 38 and 3%,
respectively, allow identification of two new dopamine
analogs. The coefficient of partition of thio-isostere (39, log
D= 1.62) comparcd to oxa-isostere (38, log D= 1,13),
showed a significant increase in lipophilicity, a typical
consequence of the bivisosteric replacement carried out,
Howcever, the determination of selectivity by the different
subtypes of dopaminergic receptors, assayed by the binding
fest, leads us 10 believes in an inverse relationship belween
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the increase in lipophilicity and the selectivity desired by the
D4 receptors,

To understand the contributions of 4-aminoquinoline
subunit present in the structure of the first gencration
antimalarial chloroquine (CLQ, 40), Cheruku and cowerkers
described the attainment and  determination of the
pharmacological profile of modified analogs of CLQ
(Scheme 10) [22]. In this study. the authors carried oul the
classic bioisosteric exchange of NH (a; ¥H-anifinic) and N
(b, N-quinolinic} wilh the CHy; and CH groups in the
structure of compounds 41 and 42, respectively, observing
the loss of antimalarial activity in the presence of the

CH, (c""

N»J\/\/ Nt

modifications realized. Carho-isosteres 41 and 42 were
inactivc due 1o the inhibition of Plasmodivm falciparum NE
34 or K| strains, even in concentrations over 3000 nM
(CLQ, ICsg= 8.5 and 150 nM, respectively), and also
proved to be unable to inhibit the formation of hemozoine

(o] 0
H_ N E CH, H. N l H,
OA\N OJ\N
HO. HO
Ou_ | -7 7omoo-=- ot [a)

AZT, 43

Scheme 11,
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Lima and Barrelre
H,C oRn Hy! OH
b |54 Rt . .
¥ H;
H - 4
. CH, T CHy

Scheme §2.

{CLQ Csp= 80 uM; 4§ ICsg= 1500 pM; 42 1Csp= >2500
uM). Hence, the isosteric medifications realized reinforced
the hypothesis of the importance of N-quinalinic interuction
process with hematine, the molecutar targe of antimalarial
action of 4-aminoguinoline drugs.

Zidovudine (AZT, 43), an importand chemotherapeutic
resource available for the treatment of acquired human
immunodeficiency syndrome, was discovered from the
propertics identified io nucleosides isolated from seawced.
The structural analysis of AZT (43), a powerful inhibitor of
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P # |
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Fig. (1), Examples of ring bioisaslerism between drugs belonging 1o difTerent theropeutic classes,
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transcriptase reverse enzyme, enables us to ascertain the
cxistence of a classic bioisosteric relationship of monovalem
graups between the nucleoside thymine (44) (endogenous
substrate for the synthesis of DNA and RNA) and AZT,
exemplified by the presence of the hydroxyl (OH) unit in 44
and azido (N3) group present in 43 (Scheme 11) [23].
Furthermore, although classic monovalent isosterss, the OH
und N1y groups possess dramatic clectronic differences, casily
demonstrated by simple functional analysis.

Although applicability of the strategy of molecular
modification of a given lead compound through
bioisoslerism is well consolidaled in the pharmaceutical
industry, recent studies by Tacke and coworkers {Scheme 12)
shows that this approach may be wsed efficiently o optimize
the organoleptic propertics of compounds used in fragrances
of industrial interest [24]. In this study, the application of
classic bioisosterism of tetrasubstituted atoms, illustrated by
exchange of the carbon atom (C), present in the structure of
majantol {45), by silicon atoms (Si) and germanium {Ge) in
46 and 47, respectively, allows the identificalion of new
stundards of fragrances of synthetic origin, Although this
isosteric exchange is rare in drugs, the modification of
molecular volume by the substitution C x Si x Ge,
producing bivisosteres 45, 46 and 47, results in
conformational and electronic similaritics cvidenced by
diffraction and X-ray studies and the determination of
clectrostatic potential through the Program GAUSSIAN 98.

More recently Showel] ond Mills reported that one of the
advantages of classic bioisosterism application of
tetrasabstituted atoms invelving the replacement of the
carbon atom {C) by the silicon {5i) atom in the structure of
existing drugs, based on the possibility of designing new
drug-like candidates that have bencficial biological propertics
and a clear intellectual property position [25]. In fact,
according to Steele, in 2001, less than 1% of patent
applications related to compounds containing phosphorous,
silicon or other less common elements of the periodic 1able
(261, However, although this may seem attrective, the
differences in atomic size, electronegativity and tipophilicity
between C and Si atoms, associated with the instability of
Si-H bhonds, in physiological conditions prove the
applicability of isosteric exchange C x Si in the structure of
new drugs to be quite limited [25].

Current Medicinal Chemisiry, 2005, Vol. 12, No. ! 3]
5.1, Ring Biolsosteres

Ring bicisosterism, is undoubMedly the most frequent
eclationship in drups of different therapeutic classes [B], as
can be seen in (Fig. 2), and cerain specific examples will be
commented upon,

In 1973, Campaigne and coworkers synthesized
compound 48 [27] as being a derivative structurally related
to seratonin 49, an autacoid with the funciion of mediator in
different physiological phenomena (Scheme 13). These
authors based their findings on the probable classic
bioisosteric relationship existing between the benzisoxazole
and indole rings present in 48 and 49, respectively, The
results of these phamnacological nssays showed that
compound 48 presented no type of sorotoninomimetic
activity, not cven anti-serotonin, when tested on rat uterus
preparations. In contrast, derivative 50, presenting the same
benzisoxazole nucleus in replacing the indole ring of 51,
showed activity when tested with substrate for scrotonin
decarboxilase enzyme, dependent on S-hydroxyiryptophane
51 (Scheme 13), an indolic compound which is the natural
substrate of the enzyme invelved in scrotonin biosynthesis.
This example highlights the bioisosteric relationship
oxisting between the benzisoxazole rings ond the indole
nuclews in 50 and 51, respectively, depending on the
recepor site involved.

NH;
HHz
R
1o
HO. R o - 2
W S e
N NIt
o
48, k=H 49, R=H
50, R=CO4H 51, R=C0;H

Scheme L3.

Applying clussic bioisosierism in the design of new
serotonin receptor (5-HT3) antagonists Fludzinski and
coworkers (Scheme 14) described the obtention of new
indazolyl compounds 62 and 63 with important antagonistic
propertics of receplor 5-HTz [28]. These two substances were
developed as bioisosteres of 64, a compound which
possesses 85 main structural characteristic the hybrid

Scheme 14,
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Scheme 15,

charucter between serotonin (49), represented by the indole
ring subslituted in C-3, and cocaing (65), represented by the
natre of the substitwent in C-3, a known antagonist of
receptors 5-HT4 [29). The bioisosteric relationship of these
two nuclei was proven, In this case, by the results obtained
in bioassays which showed for 62 a rate of selectivity by the
receptors 5-H T3 superior to that of 64, when administered
intravenously as well as orally, showing that the indazole
and indole moieties, when substituted equivalently,
possessing the same clectronic propesties and the same
standard of aromaticity, may be considered bioequivatent at
the level of interactions with the same receptor. However,
compound 62 showed a profile of activity superior to 63,
administered p.o., indicating that the amidic bond present in
chain 62 is responsible for a more favorable oral
bioavailability .

The application of ring bioisosterism wuas also
successfully explored by Binder and coworkers {Scheme 15)
[30} in developing new non-steroid anti-inflammatory agents
of the oxican group [31]. This class of NSAID was
discovered by Lombardino and collaborators [32). a1 Phizer
Laborateries in England. piroxicon 66 being the main
representutive of this class of 1,1-divxibenzenc-1,2-thiazine
(BTA) synthetics.

Applying the sirategy of ring bicisosterism, Binder
proposed tenoxican 67, the newest member of the class of
arylthiazine-1, |-dioxides, where the benzothiazinic nucleus
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of 66 was replaced by the thicnothiazinic moiety (Scheme
158) [30]). This example represents the bioisosteric
retationship existing between gromatic heterocyclic rings and
the phenyl group. The profile of phanmmacotherapeutic
activity of 67 proved to be comparable to that of 66, being
able to be administered in single daily doses of 20 mg,
because of its long plasmatic half-life, a desirable quality for
cases of arthritis as well as osteoarthritis. Both derivatives
act by the same mechanism af action, at the same receptor
level, ie. cyclooxygenase, an enzyme involved in
arachidonic acid metabolism, 1t is noteworthy that ather ring
biaisosteres ot the structural subunit level represented by the
BTA nucleus may possess the same phramacotherapeutic
profile as 66 and 67 (¢/.68) [33]. being diffcrentiated from
other bioisosteres developed by structural alterations in the
heteroaromatic ring, present in the carboxamide unit, whose
representalive is isoxican 69, which possesses 5-
methylisoxazole ring as equivalent of the pyridine ring
present in compounds 66 and 67 (Schemc 18). This
derivative was recently taken off the market due to the
dermatologic renctions it proveked,

The similarity between the physicochemical properties of
the benzene (PE = §0 °C) and thiophere (PE= 84 °C) rings
is well fundamented and was used to create the concept of
ring bioisesterismn or ting equivalents. However, the
cxchange of the phenyl ring by the thiophene ring in the
structere of bicyclic derivatives, should be carried out
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considering the possible regioisomeres involved in this
replacement. Studies by Blair and coworkers have ilhustrated
wvery well this type of replacement, in which the phenyl ring
of ihe indolic nucleus. present in the structure of lead
compound, N N-dimethyvltryptamine (70) was replaced by
the thiophene ring, giving rise 1o the isomeric systems
thieno[3,2-b]pyrrele (71), thieno[2,3-#]pyrrole (72),
thiena[4,3-b]pyrrole (73} (Scheme 16) [34]. However, the
results described by these anthors show that with the
cxception of the thieno[d,3-b]pyrrole system (73), of
unstable and difficult preparation, the other heterocyclic
isomere systems are awhentic bioisosteres of the indole
ring, presenting affinity and selectivity by the serotonin
receplors similar to lead compound 70,

Concerning Ihe non-steroid anti-inflammatory drugs
(NSAIDs)Y, Almansa and coworkers (Scheme 17) |35]

Scheme 18.
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described the existing bioisesteric relationship between the
pyrazolo and pyrazolo[1,5-a]pyrimidine rings present in
compounds 30 and 74, respectively. The exchange of the
pyrazolic ring, present io celecoxib (30), by the
pyrazolo[l,5-a]pyrimidine system in 74, resulted in an
optimization of the pharmacodynamic properties of 30,
although it compromised its oral bivavailability .

The use of ring bioisosterism may serve for designing
congeneric series of lead compound candidates for new
drugs. in view of the detailed study of the distinet
hydrophobic contributions resulting from rings cquivalents.
This stralegy has revealed itself as a fundamental ool in
designing new me-too drugs, i.e. therapeutic copy {vide
Figure 2). In a recent study. Barreiro and coworkers
described the application of ring binisosterism for designing
functionalized M-acylhydrazone (NAH) decivatives {(Scheme

R
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q
N.\ N’ R
N
R
o
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18) [36]. in an effort to correlate the allerntions found in the
profile of anti-platelet, anslgesic and anti-inflammatory
activitics, of cach new hetero-aromatic system studied, with
its respective electronic characteristics,

Mosc recently, Barreiro and coworkers (Scheme 19)
described the attainment of new selective acetylcholinesternse
{AChE) inhibitors designed by modifications in the struciure
of the lead compound tacrine (76) [37). These modifications
allow for identification of a new bioisosteric relationship
existing between the guinoline nuclei in 76 und pyrazolo-
pyridine in 77, which have shown a similar inhibitory
capatity [or rat brain chelinesterases.

|\I‘I!: }lﬂlz
QD |[O-I0
s N -
N N N
76 ”
Csp=0. 16 UM ICo™ 6,01 uM

Scheme 19.

In the field of antidepressives, bioisosteric ring
replacement of a determined lead compound also permits Lhe
discovery of new agents of therapcutic interest. In 1983,
Watthey and coworkers developed, st Ciba-Geigy
Laboratorics, compound 79 as a bigisoster of mianserine 78
(Scheme 20} [38]. As principal structurel characleristic, this
substance posscases the thiophenic ring integrated to the
cyclic unit of this representative of atypical antidepressive
agents, which oct as serotonin receptors (5-HT) antagonists
{39). Once again, this example illustrates the equivalency of
the benzene and thiophene rings, in distinct pharmacological
activities, allowing for a genernlization on the bioisosteric
relntionship between helerocyclic nuclei of five atoms and
benzene ring [40].
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The recognition of the importance of bradykinin in the
processes of pain, inflammation, rhinitis and hypertcnsion,
has shown the relevance of bradykinin receptors as a new
target for therapeutic intervention, Although many
bradykinin receptors antagonists have been described in the
literature, its peptidic characteristics have limited its
therapeutic applications. Seeking non-peptidic bradykinin
receplors antagonists, Abe and coworkers deseribed the
attainment of 2-methylimidazo[l,2-a]pyridine derivatives,
highlighting the derivative FR167344 as lead compound
(80) (Scheme 21) [41]. Later, these authors propesed the
bioisosteric exchange of 2-methylimidaze[1.2-#]pyridine
ring, present in compound B, by the 2-methylquinoline
subunit, identifying the new derivative FR175657 (81), as a
potent bradykinin receptors antagonists of non-peptidic
structure.

6 — NON-CLASSIC BIQISOSTERISM
6.1, Cyclic vs Non-Cyclic

In the category of diurctic substances of the
phenoxyacctic class, in which etacrinic acid 82 is the main
representative, we have found innumerous examples of the
use of non-classic bioisosterism in the discovery of new
drugs. To develop new diuretic substances, with uric activity
superior 1o 82. Hoffman and coworkers applied non-classic
bioisosterism represented by ring-clasing, or anclation, as &
sirategy 1o choose definitions of new lead compounds for
divretic drugs [42]. These authors working at Merck, Sharp
and Dohme Laboratories, proposed compound 84 as a
bioisostere of B3 (Scheme 22). The structure of B4 was
defined based on the anclation of the phenoxyacetic chain (a)
of 83, which, in turn, arose by the replacement of the
cthylenone function present in 82 by the thiophene nucleus
of 83, including all four carbon atoms of the replacement of
82, there being a clear correspondence between the carbons
with sp? hybridization in 82 and 84, This type of anelation
in the ethylenone chain of 82 had been proposed previously
by Thuillicr {43-44], who described the synthesis of 83 as
being an acid equivalent 1o etacrinic acid (82) in terms of its
diuretic properties. while with superior uric propertics. In
fact, this last compound represents one of the first examples
of bicisestercs of 82, obtained by application of non-classic
bioisosteric strategies. Compound §4, proposed and
synthesized by Hoffman, presented a profile comparable to

—
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83, its uric potential being even greater. Furthermore, the
introduction of the thiophene ring in 83 to replace the
cthylenone subunit of 82, climinates Michac!’s acceptor site
present in the structure of etacrinic acid (82}, responsible for
the hepatatoxic effects of this drug.

5till on the subject of diuretics related 1o ctacrinic acid
(82}, Shutske and coworkers later developed the synthesis of
new aryl-benzisoxazolyloxyacetic acids (e.g., 85} [45], based
on the probable bicisosteric relationship existing between
the aryl-benzisoxazole unit and the 2-acyl-thiophenyl moicty
present in acid 83 (46] (Scheme 22). This illustrative
example is sufficient to show the potential of the strategy ol
nan-claskic bioisasterism for designing molecular
medifications in substances of pharmacological interest.

Shutske and coworkers successfully e¢xplored the
possibility of integrating the thiophenacyl group of 83 into
one aryl-benzisoxazole nucleus, respecting the basic
phammacophore of this class of agenis, so as to agsure, at
Icast theoretically, an action through a similar mechanism,
Le. through molecolar recognition by the same site reeeptor,
In this example, the authors introduced a factor of
conformational restriction in 85, typical of non-classic
bioisosterism of the closing ring type. Later, the same
authors {47) used classic bioisosteric ring to design
structurally new heterocyelic diuretic compounds from 85,
possessing, now, the indazale ring in R7 and benziscihiazole
in 86 (Scheme 23).

Innumerous other examples can illustrate the validity of
the use of this strategy in discovering new bioactive agents
which are more therapeutically attractive. A classic example

Scheme 24,
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is represented by the discovery of the estragenic properties of
trans-dicthylstilbestrol #8 {4R), illustrating the application
of non-clnssic ring opening bioisosterism. This example
shows that the molecular design of 89 could be carmried out
from the opening of rings B and C of the steroidal skeleton
of estradiol 88 (Scheme 24). However, in analogy to what
was observed for estradiol (88), the activity of B9 is
dependent on the configurationul aspeets, such that, the
diastereoisomer £ prescnts an estrogen profile significantly
superior 1o the disstercoisomer Z, with reduced estrogen
activity also being observed for the dihydrogenated
compound 90 {Scheme 24),

Scheme 2).

Another exampte of the application of non-classic
bioisosierism can be illustrated by the discovery in 1957 of
lidocaine 92 from mepivacaine 91 {Scheme 25), contributing
to the design of the important ancsthetic agent with
predominant antiarrhythmic properties, identified «
posteriori,

Exploring the bicisosteric relationship between (he
benzoyl and benzisoxorzole groups, Strupczewski and
coworkers of Hoechst-Roussell Laboratories (49], developed

cu,i oH
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a new series of neuroleptic compounds of serics 4-
benzaylpiperidine, in which 93 {HP-291} is one of the main
representatives. This substance is structurally related to
haloperidol 94, the main rtepresentative of the
butirophenones, a class of neuroleptics discovered by
Janssen [50], in which, conceptually, the C-2, C-3 and C-4
carbon atoms of the butirophenone chain of 94 are contained
in the piperidine moiety of 93, thus representing, a non-
classic bicisostere of 94 (Scheme 26). These authors fusther
developed compound 95, in which a benzisoxazole nucleus
bioisosterically replaces the 4-benzoyl moicty, represented
by the 4-fluorcbenzoy| unit in 93.

Y Cly oy
Scheme 25.

In the class of non-steroid anti-inflammatory drups
(NSAIDs} other examples were found of the use of the
strategy of cyclic non-classical bioisosterism, In 1987,
Muchowsky and cowerkers [51], developed the systhesis of
a new NSAID called cetroplac (100), designed from the
cyclic non-classical bioisosterism strategy, exploring the
ring closing between the acetic acid unit and the N-CHj
moiety of lead compound tolmetin (99) (Scheme 27) [52], a
well known NSAID of the heteroarylacetic acid class [53).
Tolmetin {99), in turn, was developed by molecular
modification of the indomethacin strucuee 96, an important
represeniative of the 3-indolylacetic acid class with anti-
inflammatory properties developed by Shen and ¢oworkers al
Merck, Sharp and Dolhme Laboratories in 1962 [54],
applying the inverse principle, i.e. noncyclic nonclassical
bivisosieric replacement.
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Scheme 26,

In tolmetin (99) the indole subunit of indomethacin was
replaced by the pyrrole ring carrying the benzoyt unit in C-2,
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as the bipequivalent of the para-chlorobenzoyl subunit of
96. This same approach wes laken by Carlson developing
zomepiroe (97) (Scheme 27){53), another NSAI agent of the
pymrole-2-ncetic acid ¢lass. This compound is an analog of
99, presenting as the only structural difference the presence
of the methyl group in C-3, and may, therefore, be
considered a homolag of 99.

oH R o

HCO

«
Scheme 27,

In 1973, Carlson and Wong demonstrated that
homologation of the acetic chnin of 97 lends to o new anti-
inflammatery derivative, a-methylbenzene acetic acid 98
(Scheme 28), belonging to the propionic acid scrics, a class
lauded by Shen [55], in the light of stedics on the
relationship between the chemical structure of aryl and
heteroarylacetic derivatives, as presenting a profile of anti-
inflammatoty properties greater then those of the acetic
series, Substance 98, in facl, was seen lo possess unti-
inflammatory properties greater than 99 and was cven able to
reduce adverse cffects on the gastrointestinal tract,
corroborating the previous ebservations made by Shen.

Considering this data, we may observe that compound
100, belonging to the S-acyl-1, 2-dihydro-3H-pyrrol(1,2-a)-
pyrrolyl carboxylic acid family, represents, at the same time,
a bivisosiere of 99 and 97 (Scheme 27), by arcelurion of ihe
main pharmacophore unit of this family and is 8 new lead
compound of the NSAIDs.

In 1995, Cabral and Barrciro (Scheme 28) applied noa-
classic ring bioisosterism as a strategy for molecular
modification [56), 1o obtain analogs conformationally
restricted to etodolac (101), an important drug with anti-
inflammatory, analgesic and antipyretic properties. ln this
study it was possible to observe the optimization of the
analgesic properties of the spire-isochromanyl acid
derivative (103) when compared to lead compounds {101)
and (102).

957



Biatiesterlsm: A Useful Strategy for Motecular Modifleation

Current Medicinal Chemicry, 2005, Vol 12, Na. | 3T

HC=

Scheme 28.

A supplementary cxample of bioisosterism, may be
found in the work by Ameit and coworkers [57]. These
authors developed the synthesis of campound 105, exploring
the bioisosteric relationship existing between the
benzimidazole rings and catechol subunit (Scheme 19),
based on isoproterennl 104, a compound with P-adrenergic
activity. Compound 105 proved to be a bivisostere of 104,
presenting a pharmacological profile comparable (o this tevel
of B-adrenocepiors, En this case it is important to point out
that the tautomerism of the benzimidazole ning present in
105, mimics, with a single proton, the catecholic group
present in 104,

o H

|
o NYCII_\
. L

Scheme 29.

In a similar context, Barreiro and coworkers described the
non-classic bivisosteric relationship between the indanone
ring, present in the structure of the prototype flusolide (106)
and benzodioxole unit present in compound 107 (Scheme
30) [58,88]. The rcsults obtained from this study allow us 1o
identify a new molecular standard of prostaglandin H-
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Scheme 30,
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synthasc-2 (PGHS-2) inhibitors, as well as to demonstrate
the electronic similarities cxisting between the indanone and
benzodioxole rings, suggesting similar profiles of
supramolecular interaction with the enzyme involved in the
pharmacological response of the flusolide and the derivative
LASSBio 341 (107), possessing the benzodioxole moiety
from safrole, an abundant natural alilbenzene present in
Piper spp and Ocotea spp.

Leflunomide (108), an isoxazole immunosuppressor drug
that can prevent antibody-mediates rejection in heart
xenotransplantation, is a pro-drug metabolized in vivo in its
aclive metabolite hydroxycyanopropenamide (109). In this
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way, knowledge of the physical, chemicat, conformational
and configurational characteristics of this metabolite are
essential to lead to the design of new immunosuppressive
drugs, acting through mechanisms of action commen to
leflungmide (108). Among the conformational and
configumiional possibilities, relative w the a.B-unsaturated

F
g
R
o
< O\\ /,o
o P,
H

958



IR Current Medicinal Chemisny, 2005, Vol 12, No. |

F
v L F
CL F
.
N
7 1
N \ H in vhe
o]
1efluncmide. 108

Scheme 31,

carbonyl system, referring to the double bond geometry,
possible for the functionalized hydroxycyanopropenamide
{109}, the S-cis conformer (109B) and Z-configuration
derivative (109B1), were Tound in X-ray crystallography
studies (Scheme 31). The presence of this single
diasterenisomer might be due to the stabililization from the
formation of intramolecular hydrogen bonds involving
lydrogen in the enclic sysiem with the oxigen of amide
functien [59]. In an effort to corroborate with this
experimental evidence, and to corelate it with the eventual
bioactive conformation of hydroxycyanopropenamide (§09),
Papagoorgiou and coworkers proposed medifications in the
striecture of metabolite 1098 and 109B, applying non-
classic strategies of ring elosing bioisosterism (Scheme 32).
In this study it was possible to design two novel pyrazoles
analogs (110 and | 1) conformationally restricted which
mimic the diastersoisomeres £ and Z of
hydrexycyanopropenamide (109). The pharmacolegical
results obtained with campounds 110 and 111 demonstrated
that only derivative 110, whose structure was equivalent 1o
diastercoisomer Z of 109 was active in the bioassays
realized. Furthermore, X-ray. studies carried out with the
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Scheme 32.
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pyrazole derivative 110 demonstrated the existence of u
single tautomer relative to the pyrazole ring, cvidencing the
similarity of the spatial arrangement between compounds
109 (B!) and 110. In summary, this study allowed for
identification of a ncw bioisosteric relationship between the
pyrazole ring and the hydroxycyanopropenamide subunil, as
well as validating the clucidation of the bioactive
conformation of the active metabolile of leflunomide {108).

[t is important to point out that the greatest
conformational restriction ever reached by way of a anelation
process may annul the possibility that the newly derived
maolecule adept the bioactive confonmation necessary for its
maolecular recognition by a determined biereceptor, resulting
in the loss of activity when compared to the acyclic lead
compound. This concept may be well illustrated by the
works of Macchia and coworkers who described the
attainment of piperidinel (DDP3, 113) from noradrenaline
(112) {Scheme 33). applying the stratcgy of anclation or ring
closing [60]. In this study, the authors observed an
expressive less of affinity by the &y and @z-adrenoceptors
observed for the DDP3 derivative (113}, attributed to the
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precess of anelation of 2-hydroxyethylamine subunit,
common to noradrenaline (112).
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Scheme 33,

The molecular design of naratriptan (L 15} from the lead
conpound sumatriptan {114} (Scheme 34), the first agonist
of serotonin receptors of subtype SHT g, p commercialized
for the treatment of migraine, illustrates how an increase in
molecular volume from a ring process may be explored as a
subterfuge of metabolic protection, to obtain new lead
compounds with more appropriate half-lives [61]. In fact, the
intraduction of the hexahydropyridine ring in the naratriptan
structure (115) resulted in protection, by steric blocking, of
carbon o-amine from oxidative actions of hepatic
metabolism, which act as an analog of monoamine oxidases
(like MAQY), producing the correspondent indolyl-acetic acid
derivative.
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6.2. Non-Classic Bioisostcrism of Functionsl Groups

The landmark of the recognition of the importance of the
biotsosterism of functional groups is the discovery of the
antibacterial properties of sulfanilamide (i 17). Sulfanilamide
(117), an active metabolite of Prontosil® [62],
revolutionized chemotherapy during the 30s and the later
elueidation of its mechanism of molecular action allowed
cvidence of the similarity of fts structure with para-
aminobenzaic acid (PABA, 116). These similaritics, bascd
on clectronic and conformational aspects, as welt as the
physicochemical propertics such s pKa and fog P. denote an
authentic bicisosteric relwionship existing between the
sulfonamide (SO9NH;3) and carboxylic acid functionalitics
(CO;H) {63] (Scheme 35).

Diverse functional groups are known for their bioisosteric
relationships with the carboxylate group. Some examples of
the bigisosteric replacement of ~COOH by a tetrazole group
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are known [64]. An illusirative example is described in the
synthesis of 118, a tetrazole bioisostere of y-aminobutyric
acid (GABA, 13), which presents important selective
inhibitory properties of GABA-transaminase (GABA-T)
(Scheme 36) [65) presenting a potential pharmacotherapeutic
application as an anticonvulsant agent.
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Scheme 35,

The tetrazote group mimics the carboxytate group,
principally in terms of its physicochemical properties related
to acidity, although the former be more stable and
lipophilic. These differences allows (his biotsostere to
present o greater possibility of overcoming the blood-brain-
barrier. wilh the type of wropism favorable to the desired
aotivity.

g N=N
At [ a

GABA, 13 113
Scheme 36,

Another more recent example of the bioisosteric
relationship cxisting between tetrazole and carboxylic ucid
groups may be seen by comparing the strsclures of losanan
{120}, angiotensin receptors antagonist approved in 1995 to
treat hypertension with the lead compound EXF 7711 {119)
{Scheme 3T [66).
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Scheme 37.

Derivatives possessing a hydroxamic-acid instead of a
carboxylic acid function have been developed us carboxylate
bioisosteres, Among ather examples, compounds with anti-
allergic properties presenting this function have been
synthesized [67-68]. While in certain cases the metabolic
tability of -CONHOH function, has been demonstrated,
which would merely characterize a pro-drug effect 169},
hydroxamic derivative 121 (Scheme 38), designed by
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modifications in indomethacin (96), has proved 1o be
metabolically stable. evidencing the non-classic bioisosteric
relationship existing between these two groups (CO:H x
CONHOH).
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Scheme 38.

The discovery of oxatolrestat 123 [70), designed as a
classic bioisostere of tolrestat 122 (Scheme 39), a potent
aldose reductase inhibitor [71], illustrates the non-classic
bioisosteric relationship between the functional groups
thioamide (CS-NH-) and amide (CQ-NH-).

H,C0

Scheme 39.

Tolrestat 122, currently undergeing clinical assays for its
use io treat complications arising from diabetes, may also
illustratc the classic bioisosteric relationship between the
meonovalent groups -OMe (122) and —SMe (123). Significant
differences as to the metabolism of these molccules may be
expected, however, in view of the possibility that sulfur
undergoes speeific metabolic oxidation,

Other common exaemples of amide function bioisosteres
include the “retro-amide™ groups, i.e.; A-CONH-B = A-
NHCO-B and alkylydene (-CH=CH;} [4,72].

Wrobel and coworkees used the principle of non-classic
bigisosterism of functional groups to propose the synthesis

NH,

Scheme 4L,
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of analog 124, from medifications in the lead compound
oxatolrestat 123 (Scheme 40) {70), identifying the
bioisosteric relationship betwecen the thioamide and
eyanoamidine funciions.

This same type of bioisosteric relationship between the
thiocarbonyl (-C=S) and cyanoimine {-C=N-CN) groups was
reported during the development of cimetidine by Ganellin
and coworkers [71].
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Scheme 40.

The same type of bioisosterism was further used by
Yamanada and coworkers w develop pyridazinone
derivatives 125 and 126 (Schemg 41), which present 8
similor specirum of antiulcerative activity, while also
presenting a classic bioisosteric relationship between the
substituents of the alkyl chain represented by the
replacement of -CHj- with-NH- group [73].

[n the quest for new sclective agonists of potassivm
chonnels Buters and coworkers carmied out modifications in
the structure of anti-hypertensive lead compound pinacidil
(127) (Scheme 42) [74]. These authors described the
replacement of the N-cyanoguanidine template, present in
pinacidil (127), with a 1,2-diaminocyclobutenc-3,4-dionc
moicty afforded a nowel series of potent bladder-selective
agonists of the Kayp channel 128 and 129, as a novel drug
candidate to treat urge urinary incontinence.

Another imporant example of non-classic biososterism
of functional proups may be exemplified by the isosteric
relationship existing between the sulfonyihydrazone and
acylhydrazone functions, identified in studics by Lima and
coworkers {Scheme 43} [75]. In this work, the authors
demonstraicd that the acylhydrazone function (CONHN=CH)
may be efficiently replaced by the sulfonylhydrazone
function (SO;NHN=CH) to design new anti-inflammatory
and analgesic candidates, despite the subtle differences
between the pKa of these groups.

During research to obtain new diurctics, analogs of
torasende (132), Wounters and coworkers demonstrated the
bioisosteric relationship existing between the sulfonylureia
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(132), sulfonyhhioureia (133), sulfonylcyanoguanidine (134)
and sulfonylaminonitroethylenc (135) functionalities
(Scheme 44) {76]. These authors demonsirated that while
these groups present similar elecironic and geometric
properties, determined by X-ray crystallography and similar
acidity (pKa 6.0 10 6.7), compounds 132, 133, 134 and 135
cach possess a distinct lipophilicity, expressed in logP
valucs (Scheme 44). The pharmacological results obtained
for compounds 132, 133, 134 and t35 in vivo show that
their diuretic potency is inversely proportional to their
lipophilicify. a fact which may be explained considering that
the diuretic activity of these molecules is the result of
inhibition of the Na* K* 2CI- cotransporter located on the
luminal membrang of the thick ascending limb of the loop
of Henle, and that the glomerular filtration process is
genernlly enhanced for hydrophylic compounds, while
tubular reabsorption is increased for lipophilic compounds.

The importance of ionotropic receptors of glutamate
{iGlu), the principal cxcitatory ncurotransmittor in rapid
synaptic signal pathways, as well as in processes of learning
and memory are well characterized and the deficits within the
glutamatergic signaling pathwoys in Alzheimer’s patients
may, in part, exploin the loss of cognitive function of this
disease. However, the use of glutamate to treat Alzheimer's
discasc is limiied because of its inadequate pharmokinetic
propertics in the biophasc. Thus being, diverse rescarch
groups have sought o design new analogs of glutamate
(Glu) with a half-life and lipophilicity superior to Giu.
Recently, Stenshol and cowerkers proposed replacement of

L=

- QL

Scheme 43.
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the carboxylic acid group. presenl in Glu (15) with 3-
hydroxy-1,2,5-thiadiazole {136), I-hydroxy-1,2.3-triazole
(137}, 1-hydroxyimidazole (138) and l-hydroxypyrazele
(139) groups {Scheme 45), observing that with the exception
of the imidazole derivative (138), all the other compounds
presented similar affinity for AMPA recoptors. without,
however, showing significant affinity for the other glulamate
ionotropic receptors, L.e. NMDA and kainate receptors [77).
The abscnee of activity of the derivative contnining the 1-
hydroxyimidazole ring 138 may be explained by the basicity
of this compound. Actually, the experimemal determination
of pKa value of the N-hydroxy group of 138 wus found to be
ot lcast three pKa units higher than those found for the 3-
hydroxy-1,2.5-thiadiazole, 1-hydroxy-1,2,3-triazole and 1-
hydroxypyrazole subunits.

In developing of ncw drug candidates 1o treat
cerebrovascular ischemia designed as (R, 5)-2-amino-3-(3-
hydroxy-5-methy)-d.isoxazolyl)-propionic acid {AMPA)
receptors antagonists, Jimonet and coworkers described the
attainment of imidaze[| 2-alindeno-[1,2-c]pyrazin- 2-
substituted derivalives {Scheme 486) {78), These authors
proposed the exchange of the carboxylic acid function in C-2
{140} by the phosphonic acid (141), tetrazole {142} and N-
methylsulfonylcarboxamide groups {143) {Scheme 46), The
resulis obtained show that all of the isosteres studied present
affinity for the AMPA receplors, in varying degrees.
However, the selectivity measured by way of AMPA and
NMDA receptors is significantly affected by the
replacements realized, such that the tetmzale derivative (142)

N=]

{7
L sC
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proves 1o be approximately 10 times more selective than the
corresponding carboxylic acid derivative (140) .

In 2001 Habeeh and coworkers described the design and
synthesis of new annlogs for cclecorib and refecoxib, non-
steroid anti-inflammatory drugs of second generation,
reporting for the first time the bioisosteric relationship
existing between methylsulfonamide, methylsulfone and
azido functional groups (Scheme 47) [79]. Actually, many
authors have reporicd obtaining new PGHS-2 inhibitors,
using both classic as well as non-classic bioisosteric
strategies, The bicisosterism of methylsulfonamide
(CH350;NH-), sulfonylamine (-SO;NHCH3;) and
methylsulfone (CH35();3-) functions, for example, is well
charncterized within the class of selective PGHS-2
inhibitors, as are its contributions to other pharmacodynamic

and pharmacokinetic factors [58)]. The rcsults obtained from
the siudies by Habeeb and coworkers revealed that the azido
group (-N3) is capable of realizing electrostatic interactions
(ion-ion) with amino acid residues from the active site of
PGHS, (the example of Args3 residue), being, however, an
authentic bioisostere of methylsulfonamide and
methylsulfone functions, presenting comparable molecular
volume and electrostatic potential.

Quinuclidine (148), designed by modifications in the
natural alkaloid structure arecoline (147), is an important
non-selective muscarinics (M1 and M2) receplors agonist
with marginal actions on nicotinic ganglionar recepiors.
However, the low selectivity associated with low therapeutic
index and inndequate bioavailability, have snnulled ils use
for treating Alzhcimer’s discasc. [n an affort to optimize the

0 oH
J-l\/\ Ot o] OH
HOT Y 0 /ﬁ\/\ J\/\ ]l‘
H .
Nilz o q = HO -
15

Scheme 45,

Expediente 10-131510 Articulo 45

963



Biolsasterism: A Useful Steategy for Molecutar Modiflcardon Current Medicinal Chemisiry, 2005, Vol. 12, a1 43
n JOH
i
OH “I" \(‘)
HOL /\Il/\ ( 141
=
N o] NH
-~ N *N
’-{\« 4
N—-N
N
F; 142
140 H 0

Scheme 46,

pharmacotherapeutics profile of quinuclidine (148), Orlck
and coworkers proposed the exchange of the methyl ester
group, present in 48, with the 3-methyl-1,2.4-0xadiazole
group in the strecture of compound 149 (Scheme 48) [80],
being able to identify electrostatic similarities between the
methyl-oxadrzole and methyl ester groups, as well as in the
prefite of muscarinic agonist activity of these derivatives.
However, the metabolic stability of methyl-oxndinzole
bioisostere (149) was greater than to that found for the
quinuclidine lead compound {148), conferring to compound
149 2 better oral bionvailability.

1C =26, pM {FGHS-1)

oo
Neg?
——— ¢ i
a O
143

Another suceessful example of » bivisosteric replacement
of an ester functionality with an oxadinzole moiety, for
improving the metabolic stubility, can be illustrated in the
development of cyclin-dependent kinase 2 (CDK2) inhibitors
a3 anticancer agents. Despite the potent CDK2 inhibitory
activity found for compound 2-amine 5-thie-substituted
thiazole (150Q), it lacks cellular activity in cell proliferation
assays due to hydrolysis of the ethyl esier to the
corresponding carboxylic acid. that is completely devoid of
CDKZ2 inhibitory activity. In u attempts to increase the
cellular stability of 150. Kim and coworkers realized the

145
1Cop=159, 72 M (PGHS-1)

ICyy=0,34 pM (PCIIS2) 10,196 uM (PGHS-2)
SK-76 SL-812
0.0
N4
CHy
S~ oy m :
() ) e -
----------- -
N N
N Na
Ny
146
() r, F
b 1Cg=100 M (PGHS-T)
1C=22.9 pM (PGHS-1) 1Cu=1.58 pM (PGHS-2)
ICg=0,0507 4™ {PGHS-2) Sttt
S04
Schemq 47,
O o N
0 >‘
OCH, /L‘ N CHy
= OCH;
——r L ehehh gy N
N Bl 149
CH, 148
147
Scheme 48,
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replocement of the ethyl ester with a bioisostere oxnzole
moicty led w compound 151 (Scheme 49), which is
metabolically stable against esternses, maintsins the
selectivity and shows increased CDK2 inhibitory potency as
well as potent antiproliferative activity in cancer cell lines

71

Scheme 49.

Nonetheless, bioisosteric replacement of the ester with
oxnzole and other heteroaromatics may no1 be universally
cffective, as demonstrated by Dhanak and coworkers in the
design and synthesis of o series of highly selective und
potent phenylalanine derived CCR2 antagonists as anti-
inflammatory agents (Scheme S84). While compound 152
was highly effective in blocking both the binding and the

‘"/0‘ CHy
0

Scheme 50,

functional activity of a number of CCR3 agonists,
compound 153 lacks alt CCR affinity which suggests a
more subtle role for the cster moiety that the heterocycles
were unable to mimic (7].

To identify non-aromatic bioisosteres, aliemntives of
carboxylic esters, Bromidge and coworkers described the
synthesis and determination of the affinity of ketoxime
ethers derivatives (154-156) for muscarinic receptors in rat
cerebrat cortex (Scheme 51) [81]. In this study il was
possible to confirm the bicisesteric rclationship existing
between the methyl ester (148} and (£)-ketoxime ethers (154)
functions, und the later use of additional classic bivisosteric
exchanges of monovalent groups, led to the atainment of
optimized compound 156 (Scheme 51}, which present a pKa
value inferior to that found for lead compound 154, resulting
in a decrense in basicity. focilitating the passage through the
blaod-brain-barrier.

The application of the strategy of functional group
bigisosterism in drug designing can be well illusirated by
planning new anti-convudsant agents structurally related to
y-aminobutyric acid (GABA), an inhibitory ncurotransmitter
of low molecular weight. GABA™s polar and hydrophilic
nature makes its use impossible for treating epilepsy, in
view of its rapid inactivation and excessively low logl. In
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their search for GABA aminotransferase inhibitors, the
enzyme responsible for GABA calabolism, Qiu and
coworkers proposed structural modifications in the
enzymatic substraie, f.e. GABA based on the application of
non-classic bioisesterism of functional groups [82]. In this
study, the authors carried out the exchange of the carboxylic

CH
N/\,—J

»

151

acid group (pKa = ca. 4,50) present in GABA with 2,4-
difluorophenol (pKa= 7.1) subunit present in compounds
§57 and 158 (Scheme 52), observing that hoth compounds
were competitive inhibitors of GABA aminotransfernse
having Ki values of 6.3 pM and 11 pM, respectively. These
compounds, were tesied as substrates for GABA
aminotransferuse by the radiochemical procedure of

NO,
I
i 0
H N

153

measuring the conversion of [!YCla-ketoglutarate to
[C]glutamate, and both were poor substrate. Thesc results
suggest that the 2 6-difluerophenol group may be an
authentic lipophilic bicisostere of carboxylic acids.

i
OCH,
(G
N Rttt
- N 154
148 .
i
0
d
¥
¥
Ex
N N
155 156
Scheme 51.
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Scheme 52,

The anticoagulant activity reached by way of thrombine
inhibition has proved to be of londmark therapeutic
relevence, in view of the recent FDA approval of argatroban
approved to treat thromboembolic disorders. [83]. However,
the great challenge of this class of therapeutic drugs is in
obtaining lead compounds of adequale oral bivavailability,
NAPAP (159), (Scheme 53) is a high affinity reversible
inhibitor of thrombine (Ki= 6 nM) and low oral
bionvailability, Many studics hove suggested that the
inadequate pharmacokinctic propeniics of NAPAP (159) and
its structurally related derivatives is due to the elevated
basicity of the benzamidine function (160, pKa=12). To deal

SN
LA,

AT
o Yo u
NAPAP, 159 O """"""

Scheme 53,

with these pharmacokinctic limitations, Rewinkel and
coworkers proposed the bivisosteric exchange of the
benzamidine groop by the |-aminoisoquincline function
{Scheme §3) [84). In this study the authors demonstrated
that the tower basicity of the L-aminoisoquinoline group
(pKa=17,5) conferred & greater absorption to compound (160%
determined vsing cell monolayers as a model for intestinal

Current Medicingl Chemistry, 2008, Vel 12, Na. 1 45
|
F an
H,N
T a g
% Y B F
158
Ki= 11 pM

absorption {Cuce-2) [85]. Nonetheless, the inherent basicily
of this function (160, pKa= 7,5} is sufficient to guarranty
ionic interactions with Aspygg amino scid residuc, present at
the thrombine catalytic site and facilitate membrane
permeability, Thus, replacement of the highly basic
benzamidine moiety in NAPAP (159) with |-
uminequineline yielded new thrombin inhibitor and
confirming a new existing bioisosteric relationship between
these functions.

In the course of scarching for high affinity dopamine D3
receptor antagonists, conformationally restricted benzamide

N
- - £
....... - 0,\\0 [!]

isosteres, such as pyrroles. oxazoles, and thiazoles were
investigated by Finsiedel and coworkers (Scheme 54).
Replacement of the amide sultopride (161) by a pyrrele ring
led to compound 162 which maimaincd affinity for the
dopamine D3 receplor and introduced modest selectivity
over the dopamine D2 receptor. Replacement of the
benzamide with oxazole subunit resulted in compound 163,

Scheme 54.,
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which exhibits dopamine D3 and dopamine D4 birding
affinitics comparable to those of the atypical neuroleptics
sultopride and clozapine, respectively [7]

6.3. The Versatility of Non-Classic Bicisostersism

A spectacular example of non-classic bioisosterism may
be illustrated by the work of Macchia and coworkers,
involving the bivisosteric relationship between the benzene
ring (165) and the methylencaminoxy methyl moicty
{(MAOMM, 164) (Scheine 55) [86). These authors, studying
the synthesis of new non-steroid anti-inflammatory agents of
easy synthetic access, prepared substunce 167 possessing the
MAOMM function ns bioequivalent 1o the benzene ring
{Ph). The results observed in the anti-inflammatory activity
of 167 and derivatives, in comporison with standard
diclofenac (166}, an aryl-acctic acid anti-inflammatory drug,
prove this amazing bioisosteric relationship [6].

MAOMM
s
164
165
Ar
A
a
i NH
Oz IN
Q 00, H
t66 167
Scheme §5.

More recently, Balsamo and coworkers described the
allainment of new scteciive inhibitors of PGHS-2 isoform,
applying bioisosterism as n strategy of molecular
modification [87). This swudy also illustrates the non—classic
bivisosteric relationship between aromatic rings and the
methylencaminoxy methyl moiety (MAOMM) (Scheme 56).
However, it must be considered that introducing the oxime-
ether (O0-N=CH-) subunit in 6% introduces inexistent
molecular characteristics in Lhe structure of lead compound
SC 57666 (168).

e 0.0
Ll U
3 T 5= ciy 5-CH,

Scheme 56.

6.4. Retroisosterism

Retroisosterism is based on the inversion of a determined
functiongt group present in the lcad compound structure,
producing an isostere with the same function (Scheme 57).
This strategy, just as the other bivisosieric sirategies
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commented on in this paper, nims to optimize the
pharmacotherapeutic properties of the original lead
compound, thus aiding in optimizing the profile of
internction with the bioreceptor in designing drugs with half-
lives more adequate for therapeutic use and may even be
used in the attempt to avoid the formation of potentinlly
toxic metabolic intermediates.

o retroiwien gm 4} Ry

LRy --:-.---—--lr R jr

R o o

Scheme §7.

In o recent strdy, Lages and coworkers described the
existing retroisosteric relationship belween the
methylsulfonylaming and methylsulfonamide functions
(Scheine 58) present in the structures of new selective COX-
2 inhibitor lead compounds 170 and 17) [B8]. This type of
retroigosteric refationship confers metabolic susceptibility
and distinct pKa values between compounds 170 and 171,
while the greatest activity found for the methylsu!fonomide
derivative 170 may be explained considering the profile of
interaction of this group with the Argsys and Serjsy amino
acid residucs present at the catalytic site of COX-2, favared
in 170 when compared to the 171 retroisostere.

H

0 o 1

‘\5’/ H |muoisosedsm NG 2
H,C’ ‘N/ Rkl o HyC =0
| I -
g0 U
5 —
0 170 e
Scheme 58.

Based on stodies of molecular modeling, Barreiro and
coworkers proposed two new molecular standards,
exemplified by compounds 172 and 173 as new candidates
for sevond generation anii-inflammatory drugs . The
molzcular design of 173 from the lead compound 172
(Scheme 59). was realized applying the strategy of
retroisosterism [14] and aimed to minimize the possibility
of ¢letrophylic species formation (176) (Scheme 5§9),
potentially toxic, obtained by the action of ¢nzymatic pool
involved in the metabolism of xenobiotics. Furthermore, the
use of retruisosterism for derivative 173 enables the
formation of intramelecular hydrogen bonds, which confer
greater conformational restriction allowing the prediction
that derivatives 172 and 173 will present pharmacokinetic
concerning the process of metabolism  and
pharmacadynamics distinet profiles.

Among the different categories of S-lipoxygennse
inhibitors (5-LOX), the hydroxamic acids stand out acting
through the formation of comploxes with the Fe3' ion
present at the catalytic site of 5-LOX, It has been shown that
although many hydroxumic acids are potent inhibitors of the
enzyme in vitro, they fail to produce significant inhibition
in vive, This dichotomy between in vifro vs in vivo
pharmacological results can be explained based on
pharmacokinetic studies reafized with different hydroxamic
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acids [B9]. In these studies it was demonstrated that
hydroxamic acid derivatives {e.g., 177) are rapidly
metabolized 10 corresponding inactive carboxylic acid

Scheme 60,

derivatives, which are unable to block leukotricne synthesis,
Taken together these results sugpgest the pharmacophoric
profile of hydroxamic acid subunit (CON{OH)YCHj).

Later. Summers and cowarkers (1998) [90] demonstrated
that hydroxamic acids with 5-LOX inhibitor activity have
small substituents {hydrogen or mcthyl) attached to the
hydroxatmic acid nitrogen and relatively large groups (aryl
ring system) appended to the carbonyl group. Based on this
observation, the authors proposed the attainment of the
retroisostere 178 (A 63162), through the application of
retroisesierism strategy in the structure of lead compound
177 {Scheme 60) [90]. The study of the pharmacokinetic
behavior of retroisostere 178 (A 63162) revealed that when

0
H
179 CH

Scheme 61,
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R=glucuronatc, sulfite

administered orally to rats, this retroisostere produced higher
plasma concentrations and longer duration. For example,
compound |78 produccd peek plasmn concentrations in the

o

178

CH,

rats of 140 pM at 3 h after a 100 mg/Kpg orel dose, while its
congener 177 reached a peak level of only 15 pM 30 min
after dosing.

From the pharmacodynamic point of view, the
pharmacological assays carried out with hydroxamic acid
177 and its retroisostere 178 (A 63162) reveal thal 178 was
significantly more potent than 177 in inhibiting in vive
leukotricne synthesis in the rat peritoncal anaphylaxis
model. Following oral administration, 178 (EDsg= Bmg/Kg}
was 5-fold more potent than 177 (EDsg= 40mg/Kg ).

The uvnmistakable demgnsiration of the benefits of the
strategy of retroisosterism, applied to the class of 5-LOX
inhibitors, may be well illustrated by the autainment of

----- -

reirnisosterism

=
180 ; cty
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zileuton (180), the first selective 5-LOX inhibitor to reccive
approval by the FDA to treat asthma, discovered at Abbott
Laboratories [91). In analogy 1o the results obtained with
hydroxamic acid 178 (A 63162), the application of the
retroisosterism strategy in the structure of lead compound
179 wllowed the arteinment of A-hydroxyurea derivative 180
{zileuton) with a half life, oral hioavailability and inhibitory
potency greater than lead compound |79 (Scheme 61) (92).

7 FINAL COMMENTS

As we have demonsirated in this paper, through
comments made on selected examples, the bioisosterism
represents in rational drug design a successful strategy,
useful in the molecular modification and design of new
therapeutically atrractive substances of different
pharmacologicul classes incleding the design of me-foo
drugs.

The correct use of the strategy of molecular modification
also nllows the identification of new classes of lead
compound with attractive pharmacotherapeutic activity,
minimizing the cfforts of synthetic work and, conscquently,
maximizing the chances for success in discovering
medications hoth more efficient and of safer use

In this paper, we have also demonsirated that drug
discovery may be planned “ad-lhoc”, when determingd
theoretic principles of Medicinal Chemistry are carefully
applicd, thus allowing a prediction of the structural effects
which govern phramacokinetic factors, such as absorption
and biotransformation:; consequently, in theorctical 1erms,
we are able to predict the expected bioavailability for the
new bioactive compound designed as new drug candidare.
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