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Como resultado del Examen de Fondo realizado,

1 .
iembre de 2008.

con fundamento en el Articulo 45 de

la Decision 486 de la Comision de la Comunidad Andina, se comunica:

1. Documentos estudiados

Descripcion: Folios 10 a 260 10/junio/2010
Reivindicaciones: Folios 261 a 277 10/junio/2010
Prioridades: ' DE 10 2007 061 766.8  20/diciembre/2007

DE 10 2008 022 521.5  07/mayo/2008
DE 10 2008 052 013.6 ~ 17/octubre/2008

2. Analisis de la Prioridad

Se acepta la reivindicacion de prioridades porque
del plazo establecido (Art. 9 D 486) y su contenid
prioridades reivindicadas.

3. Objeto de la invencion
Titulo de la solicitud: “4-(4-ciano-2-tioaril)dihidro
El problema planteado en esta solicitud cor
inhibidores de la elastasa neutréfila humana
estabilidad metabdlica mejorada utiles para

pulmonares o del sistema cardiocirculatorio.

Para resolver este problema técnico la solicitud e
de la férmula (l) y composiciones que lo contien
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Compuesto |

El objeto de la presente solicitud se relaciona con la Clasificacion Internacional de
Patentes (CIP): A61K 31/505; A61P 11/00 y CO7D 239/22

4. Excepciodn é la Patentabilidad (Art 20 D 486 literales (a) — (d))

El objeto de las reivindicaciones 14 no es patentable de acuerdo con el Art citado.

5. Reivindicaci’pnes relativas a un uso o a un segundo uso (Art 14y 21 D 486)
El uso de las reivindicaciones 8-10 y 13 no es patentable, de acuerdo con el Art 14.
6. De la Solicitud de Patente

Reivindicaciones (Art 30 D 486, Art 22 RCT)

Las reivindicaciones 1y 4 no son admisible porque una reivindicacion se debe definir
la materia a proteger por sus caracteristicas técnicas esenciales y el uso de la
expresion “siempre que dé como resultado un compuesto quimicamente estable”
empleada para definir la invencidén es un resultado a alcanzar y este no es una
caracteristica técnica de la invencion,| se sugiere al solicitante realizar las
modificaciones pertinentes.

La reivindicacion 1 no es concisa porque las definiciones como “A, E, ZL', L% R, R?,
R’ R* R®, R®° R’ R® R® R" R" R™ R™ R"yR'" "se obtiene un gran nimero de
compuestos, muchos de los cuales no estdn ejemplificados en la forma de ejemplos
de la invencion 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
soportados en la descripcion. ‘

Sustituyentes
soportados en la
descripcion a través de
las realizaciones

Sustituyentes de acuerdo con la rejvindicacion 1

Radical de la solicitud

preferidas
representan ambos C-R’ o uno de los dos representa ambos C-R’
Ay E | miembros del anillo Ay E representa N y el otro C- enlaqueR’ significa
R" en la que R’ significa hidrogeno, fluor o cloro hidrogeno
Z ' 0OoS \ 0
n : 01062 \ 2
representa alquiloC4-Cg que puede estar sustituido alquiloCy-Cq

con hidroxilo, alcoxiloC4-C,4, amino, mono- o
dialquilC4-C4amino, hidroxicarbanilo,

aminocarbonilo, cicloalquiloCs-Cg, fenilo o

R’ heteroarilo de 5 6 6 miembros o hasta ¢inco veces

sustituido por:

con fldor, o representa alquenilodg-Ce, hidroxilo,
cicloalquiloC5-Cs, fenilo o heteroariloide 5 6 6 alcoxiloC4-C,,
miembros en los que los grupos cicloalquilo C3-Cg cicloalquiloCs-Ce,
citados pueden estar sustituidos hasta tos veces, fenilo.

de forma igual o distinta con alquilo C1-¢4, hidroxilo

Expediente 10-66579 Art._iculo 45
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y/o alcoxiloC4-C,4 y l0s grupos fenilo y heteroarilo
citados pueden estar sustituidos hasta dbs veces,
de forma igual o distinta, con fluor, cIoré, ciano,
alquiloC4-C,, difluorometilo, trifluorometito, alcoxilo,

difluorometoxilo y/o trifluorometoxilo.

sustituido con cicloalquiloC;-Cg 0 fenilo,

R significa hidrogeno o alquiloC;-Cs que puede
estar sustituido con cicloaiquiloCs- Cg 0 fenil

Ry R" son iguales o distintos y significan
independientemente entre si hidrégeno, alquiloC-
Ce,cicloalquiloC3-Cg 0 heterocicliio de 4 a 6
miembros, en los que alquiloC,-Cs, cicloalquiloCs;-
Cs v heterociclile de 4 a 6 miembros

R? representa hidrégeno, fltor o cloi'o, hidrégeno
representa ciano o un grupo de férmulas|-C(=0}-
R?, -C(=0)-0-R?, -C(=0)-NH, 0 -C(=0)-NH-R®, en
las que
R® significa alquiloC;-Cs, alqueniloC4-Cg 0
cicloalquiloC;-Ce, en los que alquilod1-Cey ciano
cicloalquiloCs-Cg pueden estar sustituidos a su vez -C(=O)—R8,
R* hasta dos veces, de forma igual o distiﬁta, con -C(=O)-O-R8,
hidroxilo, alcoxiloC4-C,, hidroxicarbonilo, qlcoinoCr -C(=0)-NHj,
C,-carbonilo, amino, mono- y/o dialquilC4-G4-amino, y -C(=0)-NH-R®
en alquiloC4-Cg y cicloalquilo C3-Cg un grupo CH,-
puede estar sustituido respectivamente por un atomo
de O, siempre que dé como resultado un compuesto
quimicamente estable.
significa hidrégeno, alquiloC4-Cg o cicloalquiloC;-Ce
en los gue alquilo C4-Cg y cicloalquiloC3-Cis puede hidrégeno,
R® estar sustituido con hidroxilo, alcoxiloCy-Cs, alquiloC4-Cg
aminocarbonilo, aminocarbonilamino, aci|C4-Cy- cicloalquiloC;-Cg
amino o cicloalquiloC;-Ce.
representa metilo o etilo 6 R*y R*estan unidos entre
si y forman conjuntamente un grupo condensado de metilo
O)N Ry R* estan unidos
o R‘-N\/“ entre si y forman
. formula en la que conjuntamente un
R * significa el punto de unidn con la posicién 5 del grupo cfg?rcri‘ir;asado de
anillo de dihidropirimidina reproducido en la formula 9
(" e
. R—N\/..
** el punto de unién con la posicion 6 del anillo de
dihidropirimidina reproducido en la férmula (1)
R® representa hidrégeno, fltor o cloro, \ hidrogeno
representa hidrogeno o alquiloC;-Cg que puede
estar sustituido con ciano, hidroxilo, alcoxiloG4-C,,
amino, mono- o dialquiloC4-Cg -amino o
cicloalguiloC3-Cg 0 hasta tres veces con fluar, o
representa fenilo, piridilo o pirimidinilo, en Ioquue
fenilo, piridilo y pirimidinilo pueden estar sustitlidos
a su vez hasta dos veces, de forma igual o distinta, .
con fluor, cloro, ciano, alquiloC4-Cs, trifluorometilo, hidrégeno
alcoxiloC4-C, y/o trifluorometoxilo, alquiloC4-Ce
(o] re1presenta un grupg de férmuIaS —%(=O)2—O— °. _L'Eé_(S()S)O_EDRRH
L -C(=O;—O-R , L -C(=O)-NR R, - L%-SQ;- 3 420413
NRZR™, -L°-C(=0)-NR'*-NR"R" 0 -L2-80,-R"}, en L5 C(=0)-NR “R
las que L significa alcano C;-Ce-diilo, L? significa -L"-C(=0)-NR™-
un enlace o alcano C4-Cg-diilo, ';JR R 15
RS -L°-80,-R
R'® significa alquiloC;-Cs que puede estar y el radical

-C(=0)-NH-R" el
cual no es parte del
capitulo
reivindicatorio
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La Solicitud no cumple con el Requisito de Unidad de Invencién porque se refiere a

por lo menos 2, Grupos Inventivos.

Los Grupos Inventivos estan definidos por las

siguientes caracteristicas esenciales:

1° Compuestos en los cuales el nucleo esta caracterizado por son derivados del 4-

(4-ciano-2-tioaril)dihidropirimidinonas.

2° Compuestos en los cuales el nucleoc estac

4-(4-ciano-2-tioaril)-3,4,6,7-tetrahidro-1-H-pirr
|

La solicitud de patente no cumple con el requ

aracterizado porque son derivados del
olo[3,4-d]pirimidin-2,5-diona.

isito de unidad de invencion debido a

refiere 2, Grupos Inventivos de acuerdo con las realizaciones preferidas, los cuales

son descritos a continuacion:

GRUPO CARACTERISTICA ESENCIAL DE REALIZACIONES
INVENTIVO | GRUPO INVENTIVO (Estructura quimica PREFERIDAS DEL GRUPO
_Central) INVENTIVO (Ejemplos)
1 1-33,39-43, 51-122 y 124-156
Ejemplo 1
2 34-38,44-50 y 123
g
x .
- " Ejemplo 34

La evaluacion de la unidad de invencién para
meétodo problema-solucién en forma a poste
patentabilidad efectuado al primer grupo
documentos D1 y D2 anticipan el conceptc
consecuencia, la solicitud no cumple el requis

esta solicitud fue efectuada a través del
2riori y se presenta en el examen de
inventivo, encontrandose que los
comun inventivo de la solicitud. En
ito 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 con
inicial a una sola invencion, eliminando de el

8. Determinacion del Estado de la Técnica

sidere necesarias, 0 limitar la solicitud
a las otras invenciones.

El estado de la técnica se determind con base en la fecha de presentacion de la

solicitud de prioridad mas antigua: diciemb
siguientes documentos que anticipan el objet
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; Fecha de
Item Documentp T#tulo Publicacion®
D1 WO 2005/082863 Heterocyclic derivatives 09/septiembre/2005
Current Medicinal Bioisosterism: A|Useful Strategy for
D2 Chemistry, 2005, Vol. Molecular Modification and Drug 2005
12, No. 1 Design

D1:http://worldwide.espacenet.com/publicationDetails/originalDocument?CC=WO&N
R=2005082863A2&KC=A2&FT=D&ND=1&date=20050909&DB=EPODQOC&locale=en
_EP divulga (Pag. 15, Ren. 1-6) un compuestolde férmula | y su realizacion preferida
77 (Pag. 101. Ren.1-2)

L ?
R /) . q '\j
a i N"Rn [ SUPEN i [ ,:‘\S"o x
H,C N/Ko ue I\N/k\o Ti\/]\(a
R,«@ . T A &
CF, U\cr,
Compuesto 1A Ejemplo 77 (Pag. 101. Ren.1-2)

y una serie de derivados de la 4-(4-ciano-2-ti04ril)dihidropirimidinonas representado a
través de sus realizaciones preferidas 18 (Pagi 63, Ren.1-2) y ejemplos 11A (Pag. 37,
Ren.5-10) ,13A (Pag. 39, Ren.3-5) y 22A (Pag.46, Ren. 5-7).

&Y , N J
”"c')kE\Jih/\flA‘ HN d /NH G | /’E ne ' ’L T
e’ n"l‘\‘c :\/)y°” #e” TN o He” N o HC )\ o
s e = Z Z
2 l I
1 \/]\L 2 . \ILCF’ K)\CF,
Ejemplo 18 Ejemplo 11A Ejemplo 13A Ejemplo 222

Finalmente, da a conocer (Pag. 15-19) un procedimiento para la preparaciéon de un
compuesto de férmula |-B

puesto I-B

D2: divulga (Pag 1. Int.) Que el bioisosterismo es una estrategia de la quimica
medicinal para el disefo racional de nuevos farmacos, el cual a partir de un
compuesto lider o base a través de un brocesos especial de modificaciones
moleculares. El objeto de este proceso es desarrollar nuevas sustancias gue son
terapéuticamente . 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
y también como una herramientai uti en el nivel molecular
modificacion.

Adicionalmente, da a conocer (Pag, 4, tab. 2)|algunos grupos bioisosteros no clasicos
dentro de los cuales muestra a la sulfonamida la cual posee dos bioisésteros: OH y
CH,0H.
9. Examen de Patentabilidad (Art 14 D486)

Nivel Inventivo (Art18 D486)

Expediente 10-66579 Articulo 45




Teniendo en cuenta la falta de unidad de invencid
para estudiar la patentabilidad de la invencién pa
por ser un compuesto derivados delv\4-(4-ciano-2

Comparacion de las caracteristicas técnicas es

Compuesto |

Técnica:

308

n, se elige el primer grupo inventivo
ra la reivindicacion 1 caracterizado
-tioaril)dihidropirimidinonas

enciales, con las del Estado de la

Caracteristicas esenciales

D1

Un compuesto de formula |

Un compuesto de férmula |
L
g

<

Rj N/RH
\N/KO

HC

}
N L
i 3
Compuesto | Compuesto |
R? R

hidrégeno, fluor o cloro

hidrégeno, halégeno, nitro, ciano, alquiloC,-
Cs, hidroxi 0 C4{Cs-alcoxi, en el que
alquiloC,-Ce-alquilo y alcoxi pueden ser
adicionalmente sustituido con uno a tres
radicales idénticos o diferentes
seleccionados deligrupo que consiste en
halégeno, hidroxi y Cs-Cealcoxi

E 4
NoC-R’ N o C-R’

A Carbono
Carbono

R’ R’

Ciano o un grupo de formulas —C(=0)-R8 C(=0)-
0-R? -C(=0)-NH, 6 C(=0)-NH-R?

Trifluorometilcarbonilo, Cq-
Cealquilocarbonilg, Cy-Cgalcoxicarbonilo,
C, -Cealqueninoxicarbonito, hidroxicarbonilo,
aminocarbonilo, mono-o di-C4-C4
alquilaminocarbonilo, Cs-Cyg
arilaminocarbonilo, arilcarbonilo ,
heteroarilcarbonilo, heterociclilcarbonilo,
heteroarilo, heteroarilo o ciano, en el que
alquilo C,-Ce-plquilcarbonilo, Cs-
Csalcoxicarbanilo, mono-y di-C,-
Caalquilaminocarbonilo pueden ser
adicionalmente sustituido con uno a tres
radicales idénticos o diferentes
seleccionados

R4

RS

Metilo o etilo

alquilo C4-Ce donde alquilo que puede estar
sustituido con uno a tres radicales idénticos
o diferentes selecgcionados del grupo que
consiste en halégeno, hidroxi, alquiloC4-Cg
alcoxiC4-Cs, alquenoxiC,-Cg, C1-Cs alquittio,
amino, mono-y|di- C,-Cealquilamino,
arilamino, hidroxicarbonilo, C,-Cs -carbonilo

RS

y el radical-0C4-C/ -alquilo-0C4-C,-alquilo,
R®

hidrégeno, alquiloC4-Cs donde puede estar
sustituido con ciano, hidroxi ,C4-Ce-alcoxi,
amino, mono-y di- C4-C4 alquilamino 6 ciclo
alquilo C4-C4 6 un grupo de férmulas —C(=0)-
OR'", L'C(=0)-0-R" - L'C(=0)-NR"? R -L2-
SO;NR™R™ - L"C(=O)-1l;1R“‘~NR12 R™¢12.50,-
R

Un grupo de farmula ~T-U donde T

representa C4-Cs alcanodiil o alquenodiil y U

representa Cg-C 1) aril 0 5 0 6 heteroarilo
sustituido par 1, 2 0 3 radicales
seleccionados

RG

R3

hidrégeno, fluor o cloro

hidrégeno, halégeno, nitro, ciano, alquiloCy-

Cs, hidroxi o C4-C4-alcoxi, en el que alquilo
C1-Cs-alquiloly alcoxi pueden ser
adicionalmente sustituido con uno a tres
radicales idénticos o diferentes
seleccionados del grupo que consiste en
halégeno, hidroxi y C,-Cealcoxi

Divulga que el
bioisosterismo
es una
estrategia de la
quimica
medicinal para
el disefio
racional de
nuevos
farmacos
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Realizaciones Preferidas Realizaciones Preferidas y
) ejemplos

AN N

PN 1
1 J\ / \! \\/J‘\ 7
o NN FA .
N ’\ \4‘
R /‘\I/\T/\_EJ \q o \@\
i |71
. */L\ A, o
AN
i§! L
NN NN

CN

XL Ao
A QL
\\/\ _ CF,

Ejemplo 6 (Fol. 124) Ejemplo 13A

Eldocumento D1 se considera el estado de la técnica cercano a la invencion definida
en la reivindicaciéon 1 porque divulgan una serie de compuestos derivados de la 4-(4-
ciano-aril)dihidropirimidinonas inhibidores de|la elastasa neutréfila humana (HNE)
utiles para tratar o prevenir enfermedades pulmonares o del sistema
cardiocirculatorio.

La diferencia entre el compuesto de la reivindicacion 1 de la invencion y las
realizacion preferida 18 y los ejemplos11A,13Ay 22A divulgadas en D1 consiste 1.)
En que los compuestos objeto de la invencion definen un sustituyente sulfonil

sustituido sobre el anillo - y el docume) to D1 no refiere especificamente este
sustituyente. Sin embargo, sugiere otros sustituyentes como hidrégeno, halégeno,
nitro, ciano, alquiloC+-Cg, hidroxi o alcoxiC1Cg para este mismo anillo.

El efecto que logra al incluir un sustituy lnte sulfonil sustituido alternativo en la

posicién 3 de este anillo” - es suministrar nuevos compuestos alternativos
inhibidores de la elastasa neutrofila humana (HNE) de bajo peso molecular y
estabilidad metabolica mejorada Utiles jpara tratar o prevenir enfermedades
pulmonares o del sistema cardiocirculatorio.

Por lo tanto, el Problema Técnico Objetivo/que pretende resolver esta invenciéon se
puede formular asi: “cédmo incluir un sustitlflyente sulfonil sustituido alternativo en los
compuestos conocidos en D1 para obtener nuevos compuestos alternativos
inhibidores de la elastasa neutréfila humana (HNE) de bajo peso molecular y
estabilidad metabdlica mejorada Utiles| para tratar o prevenir enfermedades
pulmonares o del sistema cardiocirculatorio”

Sin embargo, el documento D2 divulga ef reemplazo isostérico con lo cual “se logra

obtener compuesto estrechamente relacionados con propiedades mejoradas con
mayor potencia y menores efectos colaterales”

Expediente 10-66579 Articulo 45
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En consecuencia, la persona del oficio \normalmente versada en la materia,
modificaria la estructura de los compuestos conocidos en D1 sustituyendo un radical
—OH y CH,0OH de los divulgados en D1 por un grupo bioisdstero no clasico como
sulfonamida o la alquilsulfonamida de la forma que lo indica el documento D2 en su
tabla 2 (Pag.4) para llegar asi al objeto de la reivindicacién 1 de la solicitud. Por lo
cual se considera obvia.

Puesto que las reivindicaciones dependientes 2-6 no mencionan caracteristicas
inventivas adicionales tampoco se pueden considerar inventivas.

La reivindicacion 7 consiste un procedimiento para la preparacion de un compuesto

de formula I.

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

Técnica:
SOLICITUD \ D1 D2
Caracteristica Un procedimiento para la Un progedimiento para la
A preparacion de un compuesto | Preparacion de un compuesto
N
\/}\é N z
A A R
!«\f\j\_w R N,R
& 3/\} ,CT TN O
/‘ i
Yoo, :
» Compuesto | \ CF, Compuesto |
Caracteristica hacer reaccionar un Se condensan los
B compuesto de formula Il compuestos de férmula Il
N RZ
";/LE
on CHO .
s . , CompueS}o ] Compuestci I Divulga que
Caracteristica con un compuesto de formula | con un compuesto de formula el
C il Hi .. .
R \ bioisosteris
l mo es una
4 5, N
" _O Compuesto Hi .~ © Compuesto Il est(;:t;gla
Caracteristica : con cdmponente de formula
con componente de formula 1V ;o
D pm,‘ © \% quimica
A medicinal
N para el
) Y| "YTT'R7 d ~
Ragis ¥ isefio
. Compuesto IV R Compuesto IV racional de
isti resencis 3Ci . .
e | 3e dod o ane.| | _ Enprssenciadeun acgo | 1OV
cualquieta en una reaccion de | farmacos

reaccion de tres componentes
en un recipiente de reaccion o
secuencialmente

tres componentes en un solo
paso de reaccion

Caracteristica
F

para obtener el compuesto de
formula I-B

< Compuesto I-B

para obtener el compuesto de

Compuesto I-B

Caracteristica
G

El compuesto I-B se hace
reaccionar con un compuesto
de férmula V para obtener el
compuesto |

R*-X Compuesto V

reacgionar con un
compuesto de formula V para
obtener|el compuesto |

El comp]?:esto I-B se hace

R®-X Compuesto V
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Eldocumento D1 se cohsidera el estado de la técnica mas cercano a la invencidn, ya
que divulga procedimiento para la elaboracién de derivados de la 4-(4-ciano-
aril)dihidropirimidinonas. I

La diferencia entre la invencién, definida en la reivindicacion 1y el procedimiento de
D1 consiste en la caracteristica B dado que la invencidn define que el componente es
una 4-ciano-2-tioaril 6 heteroaril cetona y el dagcumento D1 refiere un 4-cianoaril 6
heteroaril cetona sustituida pero no refiere especificamente el sustituyente en la
posicién 2 del aril 6 heteroaril un grupo sulfona.

Por lo tanto, el Problema Técnico Objetivo que pretende resolver esta invencion se
puede formular asl: “sustituir la 4-cianoaril 6 hfteroaril cetona sustituicda por una 4-
ciano-2-tioaril 6 heteroaril cetona en el procedimiento D1"

Sin embargo, el documento D2 divulga el reemplazo isostérico con lo cual “se logra
obtener compuesto estrechamente relacienados con propiedades mejoradas con
mayor potencia y menores efectos colaterales”

En consecuencia, la persona del oficio normalmente versada en la materia, sustituir
la 4-cianoaril 6 heteroaril cetona sustituida por una 4-ciano-2-tioaril 6 heteroaril cetona
en el procedimiento de D1 sustituyendo un radical —OH y CH,OH de los divulgados
en D1 por un grupo bioiséstero no clasico como sulfonamida o la alquilsulfonamida
de la forma que lo indica el documento D2 en su tabla 2 (Pag.4) para llegar asi al
objeto de la reivindicacion 7 de la solicitud. Por lo cual se considera obvia.

10.Conclusion

Los requisitos de Patentabilidad de la presente Solicitud estan afectados asi:

A <

Rei ai;::;i; adc;:nes Requisito que afecta
D1 W0 2005/082863 17 Nivel Inventivo
D2 Current Medicinal Chemistry,
2005, Vol. 12, No. 1

item Documento

l 1-7 Nivel Inventivo

|

En cumplimiento del articulo 45 de la Decisic’:ln 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 comunicacién. En caso de
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Abstract: This review aim to demonstrate the role of biois
molecular modification and optimization process aiming (o
properties of lead compounds.

1. INTRODUCTION i

@

Q

=

Bioisosterism is a strategy of Medicinal Chemistry for sai
the rational design of new drugs. applied with a lead
compound (LC) as a special process of molecular
modification [1]. The LC should be of a completely well
known chemical structure and possess an cqually well
known mechanism of action. if possible at the level of
topographic interaction with the receptor, including
knowledge of all of its pharmacophoric group. Furthermore,
the pathways of metabolic inactivation [2]. as well as the
main determining structural factors of the physicochemical
properties which regulate the bioavailability, and its side La
effects. whether directly or not. should be known so as to hy

allow for a broad prediction of the definition of the alo

SBio). Faculdade de Farmacia, Universidode
21944-190. Rio de Janeiro. R.J., Brazil

sterism in rational drug design as well as in the
improve pharmacodynamic and pharmacokinetic

electronic, created the concept of isosterism to define
ms or organic or inorganic molecules which possess the
ne number and/or arrangement of electrons examples:

O-2x F" x Ne x Na* x Mg*?2
C104" x SO472 x PO43
N=N x C=0
CO; x NO;
N=N=N x N=C=0"

In 1925, Grimm [9] formulated the Hydride Displacement
v, an empiric rule which states that the addition of a
drogen atom with a pair of electrons (i.¢. hydride) to an
m, produces a pscudoatom presenting the same physical

hioisosteric relation to be used. prapertics as thosc present in the column immediately

R . . be
The success of this strategy in developing new

significant growth in distinel therapeutic classes, being
amply used by the pharmaceutical industry to discover new
analogs of therapeutic innovations commercially attractive
(me-too), and also ag a tool useful in the molecular

pr

ind on the Periodic Table of the Elements for the initial

: . h atom (Fig. 1), showing that any atom belonging to groups
substances which are therapeutically attractive has observed a 4Al (Fig £ Y BINE 10 Eroup

SA. 6A, 7A on the Pcriodic Table change their
perties by adding a hydride. becoming isoclectronic

pseudoatoms.

In 1932, Erlenmeyer [10] proposed a broadening of the

modification. term isosterism, defining isosteres as elements, molecules or

There may be innumerous reasons for the use of
bioisosterism to design new drugs, including the necessity
to improve pharmacoelogical activity, gain sclectivity for a
determined receptor or enzymatic isoform subtype - with
simultancous reduction of certain adverse effects -. or even
optimize the pharmacokinetics the LC might present,

val
cle

In this paper, we will discuss bioisosterism as a strategy
of molecular modification. showing its importance in
building a new series of congeners compounds designed as

in distinct therapeutic classes [3-7). iso

i50:
[
bropdened to the term ring bioisosterism.

ions which present the same number of electrons at the

ence level. His contribution includes the proposition that
ments of the same column on the Periodic Table arc
steres among themselves (e.g. C x Si x Ge) and the
ation of a concept of rings electronically equivalent, later

[The coining of the term bioisosterism goes back to the

piopcer work of Fricdman and Thornber during the early
530s. Friedman [11], recognizing the usefulness of the

. S " concept isosterism to design bioactive molecules, defined
candidate of new drugs, giving cxamples of successful cases bio

sosters as compounds which fit the definitions of
teres and which exercise their biological activity of

bioreceptor, whether through agonist or antagonist actions.

2. BACKGROUND However. Fricdman introduced the term bioisosterism to
describe the phenomenon observed between substances

In 1919, Langmuir [§] studying the chemical behavior structurally related which presented similar or antagonistic
and reactivity of determined substances possessing atoms o viological properties [11]. Later, Thornber [3] proposed a
groups with the same number of valence clectrons, ie. broadening of the term bioisosteres, defining them as sub-
unifs or groups or molecules which possess physicochemical

Expediente 10-66579 Articulo 45
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properties of similar biological effects.

L)vcr the years, innumerous bioisosteric relations have

Cidade Universitaria, CP been identified in compounds both natural and synthetic. In
natyre, we have identified many examples of isosterism as a
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Fig. (1). Grimm's hydride displacement law.

form of broadening chemodiversity (Scheme 1), striking
amony which are the classic bioisosteric relation existing
between the essential amino acids serinc (1) and cysteine (2),
tyrosine (3) and histidine (4) among the pyrimidine and
purine bascs cytosine (5) and uracile (6). adenine (7) and
guanine (8): among the xanthines caffeine (9) and
theophyline (10): and among the salicylic (11) and
anthranilic (12) acids. which originated two important

9
F

10
Ne

11
Na*

dlasses of non-steroid anti-inflammatory drugs. e.g.
deetylsalicylic acid and mefenamic acids. respectively.
Furthermore. examples of the application of non-classic
bioisosterism are also found in nature - such as the
bioisosteric relationship existing between y-aminobutyric
cid (GABA) (13) and muscimol {(14), between (he
peurotransmitlors glutamate (15) and AMPA (16).

H O %
o o) ’\Hj\
.~ oH S /\‘)J\OH
HO OH OH /[ I “N/\r '
N NH, \= N NH,
NH, N HO
1 2 3 4
o NH, 5
w
NEY NP N NEQ NG H. L~
= L0 TS s
J X r ~
07 N oy oy NN TSN TTN
H H H H H
5 6 1 8

Scheme 1.
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3. CLASSIFICATION OF BIOISOSTERISM: 4. BIOISOSTERISM AS A STRATEGY OF

CI.ASSIC AND NON-CLASSIC MOLECULAR MODIFICATION
In 1970, Alfred Burger classified and subdivided Among the most recent numerous examples used in the
bioisoteres into two broad categorics: Classic and Non- stratdgy of Dbioisosterism  for designing new
Classic {12} (Scheme 2). pharmacotherapeutically attractive substances [6-7.13]. there
Bioisosterism is a significant predominance on non-classic bioisosterism,
distributed in distinct therapcutic catcgorics, be they
sefective receptor antagonist or agonist drugs, enzymatic
F (%—L inhibitors or anti-metabolites. The use of classic
' bioisosterism for the structural design of new drugs, while
N AV less nymerous, has also been carried out successfully [6].
Classic Non-Classic
. The correct use of bioisosterism demands physical,
chemical. electronic and conformational parameters involved
@ @ in the |planned bioisosteric substitution. carcfully analyzed
Moo, Dr. T, Tewravalont «Fmetional Groups so as|to predict, although theorctically, any eventual
Soms ar groups ' «NonLydlicor Cyclic alterations in terms of the pharmacodynamic and
« Ring Equivalents « Retroisosteri sm pharmL\cokinelic properties which the new bioisosteric

substance presents.
Scheme 2,

Thus being. any bioisosteric replacement should be
rigorously preceded by careful analysis of the following
parameters [5]:

Burger's definition significantly broadened this concept,
now denominating those atoms or molecular subunits or
functional groups of the same valence and rings cquivalents

as classic bioisosteres. (Table 1), while non-classic a) size, volume and electronic distribution of the atoms
bioisosteres were those which practically did not fit the or the considerations on the degree of hybridization,
definitions of the first class (Table 2). polarizability, bonding angles and inductive and
o ' mesomeric cffects when fitting;
I Classic Bioisosteres (Table 1) e .
b) degree of lipidic and aqueous solubility, so as to
11 MO”‘“’?"C"t aloms or groups llow prediction of altcration of the physicochemical
1.2 Divalent atoms or groups properties such as logP and pKa.
1.3 Trivalent atoms or groups <) hemical reactivity of the functional groups or
o L bioisosteric structural subunits, mainly to predict
14 Tetrasubstituted atoms ignificant alterations in the processes of
1.5 Ring cquivalents iotransformation, including for the eventual
5 Non-Classic Bioisosteres (Table 2) lteration (?.( the toxicity profile relative 1o the main
netabolites;
2] Cyelic v Noncyclic d) onformational factors, including the differential
2.2 Functional groups capacity formation of inter- or intramolecular
23 Retroisosterism fydragen bonds.
Table ' Classic Bioisostere Qroups and Atoms 4.1. BEIOISOSTERISM AND ALTERATIONS OF
PHYSICOCHEMICAL PROPERTIES
Monovalent Divalent Trivalent Tetravalem
Somje bioisosteric groups dramatically alter the
,-OH. -NH,. -CH;, -OR -CHy- =CH- physicochemical properties of substances and, thercfore, their
T 1 activitigs. This can be easily understood by comparing
-F-CL -Br, - 1. -SH, -PH,. -0- classic jisosteres resulting from bioisosteric replacement
i between hydroxyl (-OH) and amine (-NHa), an example of
S SR AP B classic bioisosterism of monovalent groups according to
Se- —As Grimm’s Rule. In this case, considering lhc_ bioisosteric
S - replacement of aromatic amine present in aniline (18) by
Te- =Sh- hydroxyl, we have phenol (17) (Scheme 3) resulting in a
A - - significgnt change in the acid-basc propertics of isosteres.
=§h*= with drgmatic modification of the pKa of the compounds,
which is{responsible for the distinct pharmacokinetic profiles
among the isosteres in question. Furthermore, in terms of
Many authors have contributed to updating the tables of meolecular recognition of a given receptor site, we have a
functional bioisostere groupst which explains why, in that change [form one positively charged function (-NH3™"),
which we refer to as non-classic bioisosterism, we have originatipg from basic aromatic amine function (pKb = 9,30)
observed a growing number of bioisosteres described in the by another acid (pKa = 10,0) present in phenol, which may.
Hterature [6-7]. . quite probably, abolish the original activity [14]. Thus, in
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‘Table 2 Non-Classic Bioisosteres

Lima and Barreiro

-CO- COOR | -SO,NH, -H -CONH- -COOR -CONH,
(A();‘ T SO,H -PO(OMINN, -F -NHCO- -ROCO- : -CSNH,
-80,- . -tetrazole o .
-SO,NR- -SOZNIiR o ST "_7“_-0H »é:@ch;r- T
-SO,NH, -CH,0H
-CON- -hydrox.\'isoxau.wle -henzimidazole
‘ 4‘2 H{CN ' 42-hydrox_\'chromnm's; -NHCONH, : CHS
RSR i ' NH-CS-NH, | o o ’ -CsH,N
(R-0-R") =N- CHe
R-N(CN)- C(CN)=R" -NH-C(=C} -C4HNH
-halides : ) ) o
e ey I
-CN )
o o N(CN),
i - t(:((:x), P

this example. we may predict that the use of bioisosterism,
cven the classic type, can promote severe alterations of
molccular properties, as muth in terms of lipidic-aqueous
solubility as well as chemical reactivity. among others.
which. broadly speaking, is not observed in the same
homologue carbonic series. Otherwise. the system’s
enzymatic capacity for hepatic detoxification of xenobiotics,
involving the microsomal mixed function oxidase also
called cytochrome P-450 éyslem[l4]. is distinct in the
presence of these functional isosteric groups. which does not
allow a simplistic comparison between the lead compound
aniline (18) and the hydroxylated isostere (17) in terms of
metabolism. altering, therefore, the pharmacokinetic phase as
well as the pharmacodynamics of the isosteres.

OH it
'

[0 R I F

CH,

20

Scheme 3. |

Another classic example of isosteric replacement
involving phenol (PhOH), can be found in the scarch for
adrencrgic derivatives. structutally related to catecholamines

Expediente 10-66579 Articulo 45
|

(Scheme 3) [15]. This example illustrates the exchange of

phenoli

¢ hydroxyl group present in compound 19 with the

arilsulfonamide unit in compound 20, through the use of

non-cla

The
compo

sic bioisosterism of functional groups.

results obtained. carrying out bioassays with these
nds, witness comparable biological activities

through| the mechanism of cquivalent action, allowing us to
conclude that both functional groups involved are authentic
bioisosteres. This bioisostieric relationship was
experinjentally evidenced by determining the degree of

acidity

of thesc substances. Both compounds arc of

comparpble acidity (pKa = 9.1 and 9.6 respectively),

explain
cguival
pos
acidity

ing the similarity of biological profile in function of
nt interactions of both molecules with site receptor,

sibly through ionic bonding, in the presence of a similar

or cven through hydrogen bonding [135].

Furtherinore, both acidic groups , i.¢e. R-PhOH and R-
PhNHSO,CH; are, in this case, monovalent groups.
However, the identified bioisosteric relationship between the
PhOH apd PhNHSQO,CHj groups. confirmed for adrenergic

derivati
in whic

cs 19 and 20, is not extensive to other biorcceptors
ti the process of molccular recognition is distinet. An

example of how isostere groups can, in certain systems. not

maintai
another

1 a bioisosterie relationship, previously detined in
bioreceptor, is well illustrated with the analyses of

21 and 22. described by McCurdy and coworkers (Scheme 4)
[16]. The structural design of 3-sulfonamido compound 22,

targetin

¢ the attainment of new bonds for opioid receptors,

was basgd on the structural data of lead compound 21, which
point to the rclevance of phenolic hydroxy! as site of
moleculdr recognition. This way. the replacement OH by the
NHSO,CH; group would respect the acidic properties and
the characteristics donor and/or acceptor H-bonds as
evidencad by the previous work of Larsen and Lish (1964).

Noneth

eless, the determination of the pharmacological

propertigs of arilsulfonamide derivative 22, evidenced the
absence of affinity by the opioid receptors. in vitro models,
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indicating that in this system the groups PhOH and
PhNHSO-CHy are not bioisosteres, despite their great
structural similarity.

0
Qo N
S

RN

M
[}
Cly 2

Scheme 4.

Thus. when bioisosteric replacement occurs in functional
groups involved in the pharmacophore subunit of a certain
bioactive substance. the relative activity of the resulting
compounds may be dramatically modified. However,
bivisostreric replacement which successfully occurs in a
series of compounds acting as a type of bioreceptor, will
aot necessarilv be successful in another therapentic series,
acting through other recepiors.

3. CLASSIC BIOISOSTERISM

5.1. Bivisosterism of Mono-, Di-, Tri- and Tetravalent
Atoms er Groups

In the scarch for new anti-hypertensive drugs analogous
to clonidine (23), with a greater selectivity by Iy imidazoline
receptors (HR) and reduced action on aa-adrenoceptors,
Schann and coworkers deseribed the attainment of new
candidates for anti-hypertensive drugs designed by molecular
modifications in the structure of the lead compound
rilmenidine (24) (Scheme §) [17]. These modifications were
bascd on classic bioisosterism of bivalent groups,

23 24

Scheme 5. !
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exeniplified by replacement of the bivalent oxygen atom (O)
presdnt in the oxazoline ring, by the methylene group (CH,).
in the structure of the new pyrroline derivative (25); and
between replacement of monovalent groups illustrated by the
substitution of hydrogen atoms (H) in C-4 and C-5 of
deriviative (25) by the methy] group (CH;), originating the
cis/thans-4,5-dimethyl homologue 26 [17]. The hinding
tests |with )R and aj-adrenoceptors evidence that the
modifications occurring in the structure of rilmenidine (24).
allow the attainment of derivatives with affinities
compprable to lead compound (24), although with a supcrior
sclectivity for 1R , and itlustrated an example of the success
ofclaLsic bioisosterism.

Tq develop new HIV-protease inhibitors, Rocheblave and
coworkers described the bioisosteric exchange berween
bivaldnt groups (Scheme 6). realizing the exchange ot the
methyllenc group (CHj), present in the structure of the lead
compound amprenavir (27}, for the sulfur atom (8) in 28
[18]. Knowing. a priori, that this isosteric replacement
could |induce several modifications in terms of size, shape,
clectrgnic distribution, chemical reactivity, lipophilicity and
hydrogen bonding capacity, this new isoster was
synthebized, and its stereoisomeres were duely separated by
HPLC|and tested as recombinant HIV protease inhibitors.
The rebults obtained revealed that the four diastercoisomers
tested |were only weak inhibitors of recombinant HIV
protease, while the diastercoisomer (28a), of the same
absoluje configuration as the lead compound amprenavir
(27). being ca. 1400 less potent than 27. These results could
be explained by the high sensitivity to hydrolysis of thio-
isoster| 28a-d. In fact, the half-life value found for
thiophdnoxy derivative 28a-d was 10 min, whilc amprenavir
(27) wds recovered unchanged after 1440 min.

Andther illustration of the application of classic
bioisosterism can 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 synthase-2 (PGHS-2) or
cyclooxygenase-2 (COX-2). the authors investigated the

-

csftrans

26
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NH2

.
Scheme 6.

effect of isosteric modifications on the structurel of lead
compound SC-58125 (29). to improve its pharmocpkinctic
propertics. In spite of the high rate of sclectivity by PGHS-2
(SI> 1000) and good inhibitory potential. the derivagve SC-
58125 (29) exhibited a half-life of over 200 h, thus reflecting
its low susceptibility in the presence of the complex ¢nzyme
involved.in the hepatic metabolism of xenobiotics. Hence.
the authors suggested two classic bioisosteric momivalem
group replacements, represented by replacing the fnethy!
group. (CHy) by the NH; group and exchanging the ﬂ\mrinc
atom (F) 'with the CH3 group (Scheme 7). Both isgsteric
replacements suggested allow introducing into the structure
of the new bioisostere of SC-58125, vulncrablcx soft
metabolic sites taking advaniage of the effect of the first
passage through reactions of conjugation with glucuronic
acid and the benzylic hyvdroxvlation catatyzed by CYR450,
respectively. This new bioisostere optimized by SC-58123,
i.e. celecoxib (30). of a half-life of from 8-12 h, lwas
introduced on the Brazilian market in 1999 by Pfizer/Scarlc
Laboratoriés to treat rheumatoid arthritis and other
inflammatory conditions. being the first non-steroidal anti-
inflammatory drug (NSAID) acting sclectively upon {the
inducible isoform prostaglandin-H synthase (i.e., PGHS-2)
and. therefore, without the irritating gastric effects typical of
the first generation NSAIDs {20].

Scheme R.

Lima and Barreiro

282 8. 5. R=1Csn = 14 uM

2806 8. S. S=1Cqo=116 M
280 S RS =1Cs = 125 pM
28d S R R =15y = 16.7uM
2785 R = gy = 0,003 uM

4.,-211h ta=8al2h

SHCOX-2/COX-1) =>1000 STHCOX-2)COX-1) =375

Scheme 7.

The design of dichloroisoproterenol (32) from
isoproterenol (31) is, without a doubt. an unique example of
the contribution of the application of bioisosterism to
optimize pharmacodynamic and pharmacokinetic propertics
of new drugs (Scheme 8). The replacement of catecholic
hydroxyls, present in isoproterenol (31), by the monovalent
chloro (CI) group in the structure of dichloroisoproterenol
(32). represented a useful strategy to obtain new analogs
with half-lives greater than the lead compound 31, since this
bioisosteric replacement allows blocking one of the main
sites of metabolism of this catecholamine derivative.

317
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Furthermore, the discovery of dichloroisoproterenol (32),
made fcasible the comprehension of the relevance of]
structural characteristics of the catecholic subunit for
adrenergic activity, allowing a posieriori the discovery of
proncthalol (33). the first sclective antagonist for adrenergic
receptors for subtype B. Pronethalol(33), discontinued during
the 1980s, was the precursor of propranolol (33a), a
therapeutic innovation which revolutionized the treatment for
hyperiension. The discoverer, Sir James Black, received the
Nobel Prize in Medicine for this feat and his discovery was
the lead compound for innumerous other more selective
adrenergic B antagonists.

Scheme 10.

The bioisastetic replacement of the bivatent oxygen (O)
atom by sulfur (S) results 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 scarch for sclective agonists
of dopaminergic receprors. subtype 3 (D3). molecular target
for the design of anti-psychotic drugs. realized modifications
in the hexahydronaphthoxazine system present in tead
compound 36. an analog conformationally restricted to
dopamine (34). of high potency and low selectivity [21].
These structural imodifications, based on the bicisosteric
exchange of the methylene (CHy) group in 37, by oxygen
(O) and sulfur (S) atoms in compounds 38 and 39.
respectively. allow identification of two new dopamine
analogs. The coefficient of partition of thio-isostere (39, log
D~ 1.62) compared to oxa-isostere (38, log D= 1.13),
showed a significant increase in lipophilicity, a typical
consequence of the bioisosteric replacement carried out.
However. the determination of sclectivity by the different
subtypes of dopaminergic receptors, assayed by the binding
fest. teads us 1o believes in an inverse relationship between

Current Medicinal Chemistry, 2005, Val. 12, No. 1 29
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the increase in lipophilicity and the sclectivity desired by the
Dj receptors.

To understand the contributions of 4-aminoquinoline
subunit present in the structurc of the first generation
antimalarial chloroquine (CLQ, 40). Cheruku and coworkers
described the attainment and determination of the
pharmacological profile of modificd analogs of CLQ
(Scheme 16) [22]. In this study. the authors carried out the
classic bioisosteric exchange of NH (a; NH-anilinic) and N
(b, N-quinolinic) with the CH> and CH groups in the
structure of compounds 41 and 42, respectively, observing
the loss of antimalarial activity in the presence of the

e ci;
s r : CHy
. m i
o Nt S N (i
4|
—————— E
"""" pen

a CH

b

a2

modifications realized. Carbo-isosteres 41 and 42 were
inactive due to the inhibition of Plasmodium falciparum NK
54 or K1 strains, even in concentrations over 3000 nM
(CLQ. ICsp= 8,5 and 150 nM. respectively), and also
proved to be unable to inhibit the formation of hemozoine

0 0
CH;

AZT, 43

Scheme 11,
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Scheme 12,

(CLQ [Csp= 80 uM; 41 l(‘:_:()*_- 1500 uM. 42 1Csy= »2500 Zidovudinc (AZT, 43), an important chemothcrapeutic
uM). Henee, the isosteric modifications realized reinforced resouree available for the treatment of acquired human
the hypothesis of the importance of A-quinolinic interaction immunodeficiency syndrome, was discovered from the
process with hematine, the molecular target of antimalarial propértics identified in nucleosides isolated from scaweed.

The structural analysis of AZT (43), a powcrful inhibitor of

action of 4-aminoquinoline drugs.
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Fig. (2). Examples of ring bioisosterism between drugs belonging 1o diffferent therapeutic classes.
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transcriptase reverse enzyme, enables us to ascertain the 5.2. Ring Bioisosteres
existence of a classic bioisosteric relationship of monovalent
groups between the nucleoside thymine (44) (endogenous Ring bioisosterism, is undoubtedly the most frequent
substrate for the synthesis of DNA and RNA)Y and AZT, refationship in drugs of different therapeutic classes [8]. as
exemplified by the presence of the hydroxyl (OH) unit in 44 can be seen in (Fig. 2), and certain specific examples will be
and azido (N3) group prc§cnt in 43 (Scheme 11) [23]. commehted upon.
Furthermore. although classic monovalent isosteres. the OH In 1973, Campaigne and coworkers synthesized
and N3 groups possess drm’natlnc clcclromg differences. casily compoind 48 [27] as being a derivative structurally related
demonstrated by simple functional analysis. 1o serolonin 49, an autacoid with the function of mediator in
Although applicability of the strategy of molecular different physiological phenomena (Scheme 13). These
modification of a given lecad compound through authorg based their findings on the probable classic
bioisosterism is well consolidated in the pharmaceutical bioisosteric relationship existing between the benzisoxazole
industry, recent studies by Tacke and coworkers (Scheme 12) and indolc rings present in 48 and 49, respectively. The
shows thar this approach may be used efficiently to optimize results| of these pharmacological assays showed that
the organoleptic properties of compounds used in fragrances compopnd 48 presented no type of scrotoninomimetic
of industrial intcrest [24]. In this study. the application of activity. not cven anti-serotonin, when tested on rat uterus
classic bioisosterism of tetrasubstituted atoms, illustrated by prepardtions. [n contrast. derivative S0, presenting the same
exchange of the carbon atom (C). present in the structure of benzispxazole nucleus in replacing the indole ring of 51,
majantol (45). by silicon atoms (Si) and germanium (Ge) in showed activity when tested with substrate for scrotonin
46 and 47, respectively, atlows the identification of new decarboxilase enzyme, dependent on 5-hydroxytryptophane
stundards of fragrances of synthetic origin. Although this 51 (Schemc 13), an indolic compound which is the natural
isosteric exchange is rare in drugs. the modification of substrate of the enzyme involved in serotonin biosynthesis.
molecular volume by the substitution C x Si x Ge, This gxample highlights the bioisosteric relationship
producing bioisosteres 45, 46 and 47, results in existing between the benzisoxazole rings and the indole
conformational and clectronic similarities cvidenced by nucleus in 50 and 51. respeciively. depending on the
diffraction and X-ray studies and the determination of receptgr site involved.
clectrostatic potential through the Program GAUSSIAN 98, NH:
More recently Showell and Mills reported that one of the NHz
advantages of classic bioisosterism application of Hno R
tctrasubstituted atoms involving the replacement of the HO L~ R - AN
carbon atom (C) by the silicon (Si) atom in the structure of \[ I N\ N i NI
existing drugs, based on the possibility of designing new N o '
drug-like candidates that have beneficial biological propc::lies 45, RH 9. ReH
and a clear intellectual property position {25]. In fact, S0, R-COyI1 S1. R=CO M

according to Steele, in 2001, less than 1% of patent
applications related to compounds containing phosphorous, Scheme 13.
stlicon or other less common elements of the periodic table
[26]. However, although this may scem attractive, the
differcnces in atomic size, clectronegativity and lipophilicity
between C and Si atoms, associated with the instability of
Si-H bonds. in physiological conditions prove the
applicability of isosteric exchange C x Si in the structure of
new drugs to be quite limited [25].

Applying classic bicisosterism in the design of new
scrotohin receptor (S-HT3) antagonists Fludzinski and
coworkers (Scheme 14) described the obtention of new
indazolyl compounds 62 and 63 with important antagonistic
propertics of receptor §-HT4 [28]. These two substances were
develgped as bioisosteres of 64, a compound which
possesses as main structural characteristic the hybrid

L CHy .
’ ‘\
N ° ffll_x
N
(" —/
A .
o | ;
. . CH, ¢
- yx ‘o s
\_\Y S N !
. E - N\ .
N - e - N ) !
H H;C . .
' S0 !
62, X=NH H teeelld
63.N=0 6d. X=0 6%

Scheme 14,
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Scheme 18,

character between serotonin (49). represented by the indole
ring substituted in C-3. and cocaine (65), represented by th
nature of the substituent in C-3. a known antagonist of
receptors 3-HT3 [29]. The bioisosteric relationship of thes
two nuclei was proven. Tn this case. by the results obtaincf
in bivassays which showed for 62 a rate of selectivity by th
receptors 5-HTy superior to that of 64, when administere
intravenously as well as orally. showing that the indazol
and indole moieties. when substituted equivalentiy
possessing the same celectronic propertics and the same
standard of aromaticity, may be considered bioequivalent a
the level of interactions with the same receptor. However]
compound 62 showed a profile of activity supcrior to 63)
administered p.o.. indicating that the amidic bond present in)
chain 62 is rnesponsible for a more favorable oral
bioavailability .

The applichtion of ring bioisosterism was 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]. at Pfizer
Laboratories in England. piroxican 66 being the main
representative of this class of 1,1-dioxibenzene-1.2-thiazine
(BTA) synthetics.

. L . . . .
Applying the strategy of ring bioisosterism. Binder
proposed tenoxican 67, the newest member of the class of
arylthiazine-1,1-dioxides, where the benzothiazinic nucleus

HsC,
\
‘ N— CH,

Lima and Barreiro

of 66 was replaced by the thienothiazinic moiety (Scheme
15) [30]. This example represents the bioisosteric
relationship existing between aromatic heterocyclic rings and
the phenyl group. The profile of pharmacotherapeutic
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 of action, at the same receptor
level, f.e. cyclooxygenase, an enzyme involved in
arachidonic acid metabolism. 1t is noteworthy that other ring
bioisosteres at the structural subunit level represented by the
BTA nucleus may possess the same phramacotherapeutic
profile as 66 and 67 {¢f.68) [33], being differentiated from
other bioisosteres developed by structural alterations in the
heteroaromatic ring, present in the carboxamide unit, whose
representative is isoxican 69, which possesses 5-
methylisoxazole ring as equivalent of the pyridine ring
prescnt in compounds 66 and 67 (Scheme 15). This
derivative was recently taken off the market due 1o the
dermatologic reactions it provoked.

The similarity between the physicochemical properties of
the benzene (PE = 80 °C) and thiophenc (PE= 84 °C) rings
is well fundamented and was uscd to create the concept of
ring bioisosterism or ring equivalents. However, the
exchange of the phenyl ring by the thiophene ring in the
structure of bicyclic derivatives. should be carried out

e
e, N~ Clt;
N— CH,

] @ \
1R I R

S
J N S~ NH
[ NH

n

Scheme 16,
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Clt,
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! ICs=0. 6 pM (COX-2)
ICq=13 gM (COX-1)
S1>21

Scheme 17,

considering the possible regioisomeres involved in this
replacement. Studics by Blair and coworkers have illustrated
very well this type of replacement, in which the phenyl ring
of the indolic nucleus. present in the structure of lead
compound, N, N-dimethyltryptamine (70) was replaced by
the thiophene ring, giving rise to the isomeric systems
thicno[3.2-hlpyrrole (71). thieno{2.3-A]pyrrole (72).
thienof{4.3-b]pyrrole (73) (Scheme 16) [34]. However. the
results described by thése authors show thal with the
exception of the thiens[4.3-h]pyrrole system (73), of
unstable and difficult preparation, the other heterocyclic
isomeric systems arc authentic bioisosteres of the indole
ring. presenting affinity and selectivity by the serotonin
receptors similar to lead compound 70.

Concerning the nonlsteroid anti-inflammatory drugs
(NSAIDs), Almansa and coworkers (Scheme 17) [35]

~ N
Ny ,
FaC N H: €
L NH. )
< :

Scheme 18,
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ibed the existing bioisosteric relationship between the

pyrazolo and pyrazolo[1.5-a]pyrimidine rings present in

com

pyrazolic

pounds 30 and 74, respectively. The exchange of the
ring, present in celecoxib (30). by the

pyrazolo[l.5-alpyrimidine system in 74, resulted in an
optimization of the pharmacodynamic propertics of 30.
althqugh it compromised its oral bioavailability .

The use of ring bioisosterism may serve for designing

con

drugs.

hyd
This
desi
Fig
desd
fun

encric series of lead compound candidates for new
in view of the detailed study of the distinet
ophobic contributions resulting from rings cquivalents.
strategy has revealed itself as a fundamental (ool in
gning new me-roo drugs, i.e. therapecutic copy (vide
re 2). In a recent study. Barreiro and coworkers
ribed the application of ring bioisosterism for designing
tionalized N-acylhydrazone (NAH) derivatives (Scheme
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18) [36]. in an effort to corr¢late the alterations found in the
profile of anti-platelet, analgesic and anti-inflammatory
activitics. of cach ncw hetero-aromatic system studied, with
its respective electronic characteristics.

More recently, Barreiro and coworkers (Scheme 19)
described the attainment of new selective acetylcholinesterase
(AChHE) inhibitors designed by modifications in the structure
of the icad compound tacring (76) [37). These modifications
allow for identification of & new bioisosteric relationship
existing between the quinoline nuclei in 76 and pyrazolo-
pyridine in 77, which have shown a similar inhibitory
capacity for rat brain cholinesterases.

NHM2 NH,
|
D O 0D
N
N
N NN
76 . 77
ICso =0, 16 1M 1Ce = 6,01 pM

Scheme 19.

In the ficld of antidepressives, bioisosteric ring
replacement of a determined tead compound also permits the
discovery of new agents ol therapeutic interest. in 1983,
Watthey and coworkers developed. at Ciba-Geigy
Laboratorics. compound 79 as a bioisoster of mianscrine 78
(Scheme 20 [38]. As principal structural characteristic, this
substance possesses the thiophenic ring integrated (o the
cyclic unit of this representative of atypical antidepressive
agents, which act as scrotodin receptors (5-HT) antagonists
[39]. Once again, this example illustrates the equivalency of
the benzene and thiophene rings, in distinet pharmacological
activities. allowing for a generalization on the bioisosteric
relationship between heterocyclic nuclei of five atoms and
benzene ring [40].

N N
78 Chs 79 ors
Scheme 20.
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Scheme 210

Expediente 10-66579 Articulo 45

Lima and Barreiro

Thd recognition of the importance of bradykinin in the
procesges of pain. inflammation, rhinitis and hypertension,
has shown the relevance of bradykinin receptors as a new
target | for therapeutic intervention. Although many
bradykinin receptors antagonists have been described in the
literatyre, its peptidic characteristics have limited its
therapeutic applications. Seeking non-peptidic bradykinin
receptors antagonists, Abe and coworkers described the
attainment of 2-methylimidazo[1.2-a]pyridine derivatives,
highlighting the derivative FR167344 as lead compound
(80) (Scheme 21) [41]. Later, these authors proposed the
bioisogteric exchange of 2-mcthylimidazof1.2-«]pyridinc
ring, present in compound &0, by the 2-methyiquinoline
subunif. identifying the new derivative FR175657 (81). as a
potent| bradykinin receptors antagonists of non-peptidic
structure.

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

In [the category of diurctic substances of the
phenoxyacetic class, in which ctacrinic acid 82 is the main
representative, we have found innumerous examples of the
usc of| non-classic bioisosterism in the discovery of new
drugs. [To develop new diuretic substances, with uric activity
superigr 1o 82. Hoffman and coworkers applicd non-classic
bioisogterism represented by ring-closing. or anelation, as a
strategly to choose definitions of new lead compounds for
diuretit drugs [42). Thesc authors working at Merck, Sharp
and Diohme L.aboratorics, proposed compound 84 as a
bioisostere of 83 (Scheme 22). The structure of 84 was
defined based on the anclation of the phenoxyacetic chain (a)
of 83, which, in turn, arose by the replacement of the
cthylenonce function present in 82 by the thiophene nucleus
of 83, including all four carbon atoms of the replacement of
82, thare being a clear correspondence between the carbons
with sp* hybridization in 82 and 84. This type of anelation
in the pthylenonc chain of 82 had been proposed previously
by Thuillier [43-44], who described the synthesis of 83 as
being an acid equivalent to etacrinic acid (82) in terms of its
diuretic properties. while with superior uric properties. In
fact, this last compound represents one of the first examples
of biotsosteres of 82, obtained by application of non-classic
bioisosteric strategies. Compound 84, proposed and
synthesized by Hoffman. presented a profile comparable to
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Scheme 22. [

®3. its uric potential being even greater. Furthermore, the
mtroduction of the thiophene ring in 83 to replace the
cthylenone subunit of 82, climinates Michacel’s acceptor site
present in the structure of etacrinic acid (82). responsible for
the hepatotoxic effects of'ilhis drug.

Still on the subject of diurctics related to ctacrinic acid
(82}, Shutske and coworkers later developed the synthesis of
new aryl-benzisoxazolylosyacetic acids (e.g., 85) {45]. based
on the probable bioisosteric relationship existing between
the aryl-benzisoxazole unit and the 2-acyl-thiophenyl moiety
present in acid 83 [46] (Scheme 22). This illustrative
example is sufficient to show the potential of the strategy of
non-classic bioisosterism for designing molecular
modifications in substances of pharmacological inierest.

Shutske and coworkers successfully explored the
possibility of integrating the thiophenacy! group of 83 into
one aryl-benzisoxazole nucleus, respecting the basic
pharmacophore of this class of agents, so as to assure, at
lcast theoretically. an action through a similar mechanism,
i.e. through molccular re¢ognition by the same site receptor.
In this cxample. 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 indazole ring in 87 and benzisothiazole
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 estrogenic properties of
rans-dicthylstilbestrol 88 [48]. illustrating the application
of non-classic ring opening bioisosterism. This cxample
shows that the molecular design of 89 could be carried out
from the opening of rings B and C of the stcroidal skeleton
of eptradiol 88 (Scheme 24). However, in analogy (o what
was| observed for cstradiol (88). the activity of 89 is
dependent on the configurational aspects, such that, the
diastereoisomer E presents an estrogen profile significantly
superior to the diastercoisomer Z, with reduced estrogen
actijvity also being observed for the dihydrogenated
compound 90 (Scheme 24).

Scheme 23.

Another example of the application of non-classic
biojsosterism can be illustrated by the discovery in 1957 of
lidgeaine 92 from mepivacaine 91 (Scheme 28), contributing
to the design of the important anesthetic agent with
predominant antiarrhythmic properties, identified «
posferiori.

Exploring the bioisosteric rclationship between the

berzoyl and benzisoxazole groups, Strupczewski and
coorkers of Hocchst-Roussell Laboratorics [49], developed
CHa
~
HyC
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a new series of neuroleptic compounds of series 4-
benzoylpiperidine. in which 93 (HP-291) is onc of the main
representatives, This substance is structurally related to
haloperidol 94, the main representative of the
butirophenones. a class of neuroleptics discovered by
Janssen {507, in which, conceptually. the C-2, C-3 and C-4
carbon atoms of the butirophenone chain of 94 are conlained
in the piperidine moicty of 93, thus representing, a non-
classic bioisostere of 94 (Scheme 26). These authors further
developed compound 95, in which a benzisoxazole nucleus
bioisosterically replaces the 4-benzoyl moicty. represented

by the 4-fluorobenzoyl unit in 93.
I

Cit
CH,
IR
kN’\CH
0
94 CHy o gy

Scheme 25,

In the class of ndn-steroid anti-inflammatory drugs
(NSAIDs) other examples were found of the use of the
strategy of cyclic non-classical bioisosterism. In 1987,
Muchowsky and coworkers [S1]. developed the systhesis of
a new NSAID cafled cetroplac (100). designed from the
cyclic non-classical bioisosterism strategy, exploring the
ring closing between the acetic acid unit and the N-CHjy
moicty 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 structure 96, an important
representative ot the 3-indolylacetic acid class with anti-
inflammatory propertics developed by Shen and coworkers at
Merck. Sharp and Dolhme Laboratories in 1962 {54],
applying the inverse principle. i.e. noncyclic nonclassical
binisosteric replacement.

|
: H :
!

O

HaC

Scheme 26.

In olmetin (99) the indole subunit of indomethacin was
replaced by the pyrrole ring carrying the benzoyl unit in C-2.
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as fthe bioequivalent of the para-chlorobenzoyl subunit of
96) This same approach was taken by Carlson developing
zomepirac (97) (Scheme 27) [33]. another NSAT agent of the
pyfrole-2-acetic acid class. This compound is an analog of
99| presenting as the only structural difference the presence
of| the methyl group in C-3, and may, thercfore, be
considered a homolog of 99.

OH R oy
H;CO
HC 99
100
l
Scheme 27.
In 1973, Carlson and Wong demonstrated that

hHomologation of the acetic chain of 97 leads 10 a new anti-
inflammatory derivative, a-methylbenzene acetic acid 98
(Scheme 28), belonging to the propionic acid serics, a class
lauded by Shen [55]. in the light of studics on the
relationship between the chemical structure of ary! and
heteroarylacetic derivatives, as presenting a profile of anti-
inflammatory properties greater then those of the acetic
qeries. Substance 98, in fact, was seen 1o possess anti-
inflammatory properties greater than 99 and was even able to
teduce adverse effects on the gastrointestinal tract,
orroborating the previous observations made by Shen.

Considering this data, we may observe that compound
00, belonging to the S-acyl-1. 2-dihydro-3H-pyrrol-(1,2-0)-
pyrrolyl carboxylic acid family, represents, at the same time,
bioisostere of 99 and 97 (Scheme 27), by anelation of the
main pharmacophore unit of this family and is a new lead
tompound of the NSAIDs.

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

A supplementary example of bioisosterism, may be
found in the work By Arnett and coworkers [57]. These
authors developed the synthesis of compound 105, exploring
the bioisosteric relationship existing between the
benzimidazole rings and catechol subunit (Scheme 29),
based on isoproterenol 104, a compound with B-adrenergic
activity. Compound 1035 proved to be a bioisostere of 104,
presenting a pharmacgological profile comparable to this level
of B-adrenoceptors. In this case it is important to point out
that the tautomerismh of the benzimidazole ring present in
105, mimics. with a single proton. the catecholic group
present in 104,

‘ on III
O N Clix
o
B2 CHy  mweeen
I o o~ 7L
i
H

Scheme 29.

In a similar context, Barreiro and coworkers described the
non-classic bioisosteric relationship between the indanone
ring, present in the structure of the prototype flusolide (106)
and benzodioxole unit present in compound 107 (Scheme
30) [S8.88]. The rbsults obtained from this study allow us to
identify a new molecular standard of prostaglandin H-

3

Scheme 30,
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synthase-2 (PGHS-2) inhibitors, as well as to demonstrate
the eleotronic similarities existing between the indanonc 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 (i07), 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-incdiates rejection in heart
xenotransplantation, is a pro-drug metabolized in vivo in its
active metabolite hydroxycyanopropenamide (109). In this

OH [
N N CH;
¢ T
el N CHy
H
H
105
H\ OH I|<i
N N \|/ Clily
<\N CH,
108

way, knowledge of the physical, chemical, conformational
and configurational characteristics of this metabolite are
essential to lead to the design of new immunosuppressive
drugs, acting through mechanisms of action common to
leflunomide (108). Among the conformational and
configurational possibilities, refative to the o,B-unsaturated
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t

carbonyl system. referring to the double bond geometry.
possible for the funcrionalized hydroxycyanopropenamide
(109). the S-cis conformer (109B) and Z-configuration
derivative (109B 1), were found in X-ray crystallography
studies (Scheme 31). The presence of this single
diastereoisomer might be due to the stabililization from the
formation of intramolecular hydrogen bonds involving
hydrogen in the enplic system with the oxigen of amide
function [S9]. In an effort to corroborate with this
experimental evidence, and to corelate it with the eventual
bioactive conformation ot hydroxycyanopropenamide (109),
Papageorgiou and coworkers proposed modifications in the
structure of metabolite 109B and 109B,. applying non-
classic strategies of ring closing bioisosterism (Scheme 32).
In this study it was possible to design two novel pyrazoles
analogs (110 and 111 conformationally restricted which
mimic the diasterecisomeres £ and Z of
hydroxycyanopropenamide (109), The pharmacological
results obtained with compounds 110 and 111 demonstrated
that only derivative 110, whose structure was equivalent to
diastercoisomer Z pf 109 was active in the bioassays
realized. Furthermore, X-ray studics carricd out with the
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Scheme 32.
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pyrazole derivative 110 demonstrated the existence of a
single tautomer relative to the pyrazole ring, cvidencing the
similarity of the spatial arrangement between compounds
109 (B1) and 110. In summary, this study allowed for
identification of a new bioisosteric relationship between the
pyrazole ring and the hydroxycyanopropenamide subunit. as
well as validating the clucidation of the bioactive
conformation of the active metabolite of leflunomide (108).

It is important to point out that the greatest
conformational restriction ever reached by way of a anclation
process may annul the possibility that the newly derived
molecule adopt the bioactive conformation necessary for its
molecular recognition by a determined bioreceptor. 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

ttainment of piperidinol (DDP3. 113) from noradrenaline
tl 12) (Scheme 33). applying the strategy of anclation or ring
blosing [60]. In this study. the authors observed an
bxpressive loss of affinity by the o) and cy-adrenoceptors
bscrved for the DDP3 derivative (113). attributed to the
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process of aneldiion of 2-hydroxyethylamine subunit.
common 1o noradrenaline (112).
;
OH

HO e o
On )
112 OH
Kitay) - 450 am
Kifeey) 4. 8 M
i

3

Ki () = 13000 nM
Ki(c;) 30nM
Scheme 33. \

The molecular design of naratriptan (115) from the lead
compound sumatriptan (114) (Scheme 34). the first agonist
of serotonin receptors of subtype SHT) 5.y commercialized
for the treatment of migraine, illustrates how an increase in
molecular volume from a ring process may be cxplored as a
subterfuge of metabolic protection, to obtain new lead
compounds with mare appropriate hatf-lives [61]. In fact. the
introduction of the hexahydropyridine ring in the naratriptan
structure (113) resulted in protection. by steric blocking. of
carbon o-amine from oxidative actions of hepatic
metabolism. which act as an analog of monoamino oxidascs
(like MAO). producing the correspondent indolyl-acetic acid
derivative.

Scheme 34.

6.2. Non-Classic Bioisosterism of Functional Groups

The landmark of the recognition of the importance of the
bioisosterism of functional groups is the discovery of the
antibacterial properties of sulfanifamide (1 17). Sulfanilamide
(117). an active metabolitc of Prontosil® [62].
revolutionized chemotherapy during the 30s and the later
clucidation of its mechanism ol molecular action allowed
cvidence of the similarity of its structure with para-
aminobenzoic acid (PABA, 116). These similaritics, bascd
on electronic and conformational aspects, as well as the
physicochemical properties such as pKa and log P, denote an
authentic bioisosteric, relationship existing between the
sulfonamide (SO3NH3) and carboxylic acid functionalitics
(CO1H) [63] (Scheme 35).

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

[6}
)} Hy
()Y()H 0N
I
NH- NH;

116 17
Scheme 38.

The tetrazole group mimics the carboxylate group.
principally in terms of its physicochemical properties related
to acidity. although the former be more stable and
lipophilic. These differences allows this bioisostere to
present a greater possibility of overcoming the blood-brain-
barrier. with the type of tropism favorable to the desired
activity.
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Scheme 36,

Another more recent example of the bioisosteric
relationship existing between tetrazole and carboxylic acid
groups may be seen by comparing the structures of losartan
(120), angiotensin receptors antagonist approved in 1995 to
treat hypertension with the lead compound EXP 7711 (119)
Scheme 37) [66].
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Stheme 37.

Derivatives possessing a hydroxamic-acid instead of a
carboxylic acid function have been developed as carboxylate
bioisosteres. Among other examples, compounds with anti-
allergic properties presenting this function have been
synthesized [67-68). While in certain cases the metabolic
Idi)ilily of «CONHOH function, has been demonstrated,
which would merely characterize a pro-drug effect [69],
hydroxamic derivative 121 (Scheme 38). designed by
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modifications in i‘ndomethacin (96). has proved to be
metabolically stable. evidencing the non-classic bioisosteric
relationship existing between these two groups (COyH x
CONHOH).

H
QH \
n-OH

cf
Scheme 38.

The discovery of oxatolrestat 123 [70]. designed as a
classic bioisostere of tolrestat 122 {Scheme 39). a potent
aldose reductase inlibitor [71]. Nustrates the non-classic
bioisosteric relationship between the functional groups
thioamide (CS-NH-) z‘and amide (CO-NH-).

coun COH

Scheme 39. i

Tolrestat 122, currently undergoing clinical assays for its
use 1o treat complications arising from diabetes, may also
Hlustrate the classic bioisosteric relationship between the
monovalent groups -OMe (122) and -SMc (123). Significant
differences as to the metabolism of these molecules may be
expected. however. in view of the possibility that sulfur
undergocs specific mefabolic oxidation.

Otiher common examples of amide function bioisosteres
include the “retro-amide™ groups. i.e.. A-CONH-B = A-
NHCO-B and alkylydene (-CH=ClH,) [4.72].

Wrobel and coworkers used the principle of non-classic
bioisosterism of functional groups to propose the synthesis

NH,

Scheme 41.
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of analog 124, from modifications in the lead compound
oxatolrestat 123 (Scheme 40) [70], identifying the
bioisosteric relationship betwcen the thioamide and
cyanoamidine functions.

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

COLH
I/ 2

NC Y S CH,

124

Scheme 40.

The same type of bioisosterism was further used by
Yamanada and coworkers to develop pyridazinone
derivatives 125 and 126 (Scheme 41), which present 3
similar spectrum of antiulcerative activity. while also
presenting a classic bioisosteric relationship between the
substituents of the alkyl chain represented by the
replacement of -CH»- with-NH- group [73].

In the quest for new sclective agonists of potassium
channels Butera and coworkers carried out modifications in
he structure of anti-hypertensive lead compound pinacidi
127) (Scheme 42) [74). Thesc authors described the
eplacement of the N-cyanoguanidine template, present in
pinacidil (127), with a 12-diaminocyclobutene-3.4-dione

moicty afforded a novel serics of potent bladder-sclective
agonists of the Kop channel 128 and 129, as a novel drug
andidate 1o treat urge urinary incontinence.

Another important example of non-classic biososterism
of functional groups may be exemplified by the isosteric
relationship existing between the sulfonylhydrazone and
cylhydrazone functions, identified in studies by Lima and
doworkers (Scheme 43) [75). In this work, the authors
demonstrated that the acylhydrazone function (CONHN=CH)
may be efficiently replaced by the sulfonylhydrazone
flinction (SO2NHN=CH} to design new anti-inflammatory
and analgesic candidates, despite the subtle differences
between the pKa of these groups.

During rescarch to obtain new diurctics, analogs of
rasemide (132), Wounters and coworkers demonstrated the
oisosteric relationship existing between the sulfonylurcia

N~ N

126 N— CN

NH —</

o =
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FC y=0,63 M

Scheme 42, |

(132), sulfonylthicureia {133), sulfonylcyanoguanidine (134)
and sulfonylaminonitrocthylene (135) functionalities
(Scheme 44) [76). These authors demonstrated that while
these groups present similar electronic and geometric
propertics. 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
values (Scheme 44). The pharmacological results obtained
for compounds 132, 133, 134 and 135 in vivo show that
their diuretic potency is inversely proportional to their
lipophilicity. a fact which may be explained considering that
the diuretic activity of these molecules is the result of
inhibition of the Nat K* 2CI- cotransporter located on the
luminal membrane of the thick ascending limb of the loop
of Henie. and that the glomerular filtration process is
generally enhanced for hydrophylic compounds, while
tubular reabsorption is intreased for lipophilic compounds.

The importance of ionotropic receptors of glutamate
(iGH). the principal exgitatory 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 pathways in Alzheimer’s patients
may. in part. explain the loss of cognitive function of this
discase. However, the use of glutamate to treat Alzheimer’s
disease is limited because of its inadequate pharmokinctic
properties in the biophase. Thus being. diverse rescarch
groups have sought to design new analogs of glutamate
(Glo) with a half-life and hpophilicity superior to Glu.
Recently, Stensbol and coworkers proposed replacement of

—
Y ¢
]
o H

I]\U

Scheme 43.
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the carboxylic acid group, present in Glu (15) with 3-
hydroxy-1,2,5-thiadiazole (136). 1-hydroxy-1.2.3-triazole
(137). 1-hydroxyimidazole (138) and 1-hydroxypyrazolc
(139) groups (Scheme 45), observing that with the exception
of the imidazole derivative (138), all the other compounds
prasented similar affinity for AMPA receptors. without,
hoyvever. showing significant affinity for the other glutamate
ionotropic receptors, i.e. NMDA and kainate receptors [77].
The absence of activity of the derivative containing the 1-
hydroxyimidazole ring 138 may be explained by the basicity
of this compound. Actually. the experimental determination
of pKa value of the N-hydroxy group of 138 was found to be
at least three pKa units higher than those found for the 3-
hydroxy-1.2.5-thiadiazole, |-hydroxy-1.2.3-triazole and 1-
hydroxypyrazole subunits.

In developing of new drug candidates . to treat
cerebrovascular ischemia designed as (R.$)-2-amino-3-(3-
hydroxy-5-methyl-4-isoxazolyl)-propionic acid (AMPA)
receptors antagonists, Jimonet and coworkers described the
attainment of imidazo{1.2-aJindeno-[1.2-¢]pyrazin- 2-
substituted derivatives (Scheme 46) {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
results obtained show that all of the isosteres studied present
affipity for the AMPA receplors, in varying degrees.
However, the selectivity measured by way of AMPA and
NMDA rcceptors is significantly affected by the
replacements realized, such that the tetrazole derivative (142)
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proves to be approximately 10 times more selcctive than the
corresponding carboxylic acid derivative (140) .

In 2001 Habeeb and coworkers described the design and
synthesis of new analogs for celecoxib and rofecoxib, non-
steraid 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 rcported obtaining new PGHS-2 inhibitors,
using both classic as well as non-classic bioisosteric
strategies. The bioisosterism of methylsulfonamide
(CH3;SO-NH-). sulfonylamine (-SO;NHCH3) and
methylsulfone (CH3SOx-) functions, for example, is well
churacterized within {he class of selective PGHS-2
inhibitors, as are its contributions to other pharmacodynamic

arid pharmacokinetic factors [58]. The results obtained from
the studies by Habeeb and coworkers revealed that the azido
grpup (-N3) is capable of realizing clectrostatic intcractions
(ign-ion) with amino acid residues from the active site of
PGHS. (the example of Args;3 residue), being, however, an
authentic bioisostere of methylsulfonamide and

méthylsulfone 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) receptors agonist
with marginal actions on nicotinic ganglionar rcceptors.
However, the low selectivity associated with fow therapeutic
index and inadequate bioavailability, have annufled its use
for treating Alzheimer's disease. In an effort to optimize the

0 on
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i
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pharmacotherapeutics profile of quinuclidine (148), Orlck
and coworkers proposcd the exchange of the methyl ester
group. present in 148, with the 3-methyl-1.2 4-oxadiazole
group in the structure of compound 149 (Scheme 48) [80],
being able 1o identify electrostatic similarities between the
methyl-oxadiazole and methyl ester groups. as well as in the
profile of muscarinic agonist activity of these derivatives.
However. the metabolic stability of methyl-oxadiazole
bioisostere (149) was gréater than to that found for the
quinuclidine lead compound (148), conterring to compound
149 a better oral bioavailability.
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hother successful example of a bioisosteric replacement
ester functionality with an oxadiazole moicty. for
ving the metabolic stability, can be illustrated in the

develppment of cyclin-dependent kinase 2 (CDK2) inhibitors
as anficancer agents, Despite the potent CDK2 inhibitory

activ
thiaz
assa

corre

ty found for compound 2-amino 5-thio-substituted
le {150). it lacks cellular activity in cell proliferation
s due to hydrolysis of the ethyl ester to the
ponding carboxylic acid, that is completely devoid of

CDKR inhibitory activity. In a attempts to increase the
cetlu

ar stability of 150, Kim and coworkers realized the

145
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replacement of the ethyl ester with a bioisostere oxazole
maiety led to compound 151 (Scheme 49), which s
metabolically stable against esterases. maintains the
selectivity and shows increased CDK2 inhibitory potency as
well as potent antiproliferative activity in cancer cell lines

7

Scheme 49.

Nonctheless, bioisosteric replacement of the ester with
oxazole and other heteroaromatics may not be universally
effective. as dcnml?slrulcd by Dhanak and coworkers in the
design and synthesis of a series of highly sclective and
potent phenylalanine derived CCR2 antagonists as anti-
inflammatory agents (Scheme §0). While compound 152
was highly effective in blocking both the binding and the

Scheme 50.

functional activity of a number of CCR3 agonists,
compound 153 lacks all 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, alternatives of
carboxylic esters. Bromidge and coworkers described the
synthesis and determination of the affinity of ketoxime
cthers derivatives (154-156) for muscarinic receptors in rat
cerchral cortex (Scheme 51) [81]. In this study it was
possible to confirm the bioisosteric relationship existing
between the methy! ester (148) and (£)-ketoxime ethers (154)
functions. and the later use of additional classic bioisosteric
exchanges of mor}ovalcm groups. led to the attainment of
optimized compound 156 (Scheme S1), which present a pKa
vatue inferior to that found for lead compound 154, resulting
in a decrease in basicity. facilitating the passage through the
blood-brain-barrier.

The application of the strategy of functional group
bioisosterism in drug designing can be well illustrated by
planning new anti-convulsant agents structuraily related 1o
y-aminobutyric acld (GABA). an inhibitory neurotransmitter
of low molecular weight. GABA™s polar and hydrophilic
nature makes its use impossible for treating epilepsy, in
view of its rapid ‘inaclivation and cxcessively low logP. In
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their search for GABA aminotransferase inhibitors, the
enzyme responsible for GABA catabolism, Qiu and
coworkers proposed structural modifications in the
enzymatic substrate, i.e. GABA based on the application of
non-classic bioisosterism of functional groups {82]. in this
study, the authors carried out the exchange of the carboxylic

CH,

NG
>\—O
s

0 S
AN
T NT 151
H

acid group (pKa = ca. 4,50) present in GABA with 2.4-
difluorophenol (pKa= 7.1) subunit present in compounds
157 and 158 (Scheme 52), observing that both compounds
were competitive inhibitors of GABA aminotransferase
having Ki values of 6.3 uM and 11 pM, respectively. These
compounds, wcre tested as substrates for GABA
aminotransferase by the radiochemical procedure of

NO,

measuring the conversion of ['4Cla-ketoglutarate 10
['4Clglutamate. and both were poor substrate. These results
suggest that the 2.6-difluorophenol group may be an
authentic lipophilic bioisostere of carboxylic acids.

[5) e
/U\ N7 CHy
N I,
148
N7 T CH,
@
N
155
Scheme S1.

333



Expediente 10-66579 Articulo 45

Biaisosterism: A Uscful Strategy for Molecular Modification Current Medicinal Chemistry, 2005, Vol. 12, No. | 45

. F
¥ on
. 1M o
. e - H.N
i A N
. GABA F B
13 = 158
: I8 Ki= 11 uM
i Ki=6,3 uM

Scheme 52,

The anticoagulant activity reached by way of thrombine
inhibition has proved to be of landmark therapeutic
relevance, 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 lcad compounds of adequate oral bioavailability.
NAPAP (159), (Scheme 53) is a high affinity reversible
inhibitor of thrombine (Ki= 6 nM) and low oral
bioavailability. Many studies have suggested that the
inadequate pharmacokinetic propertics of NAPAP (159) and
its structurally related derivatives is due to the clevated
basicity of the benzamidine function (160, pKa=12). To deal

absorption (Caco-2) {85]. Nonctheless, the inherent basicity
of this function (160, pKa= 7,5) is sufficient to guarranty
ionic interactions with Aspigg amino acid residue. present at
the thrombine catalytic site and facilitate membrane
permeability. Thus, replacement of the highly basic
benzamidine moicty in NAPAP (159) with |I-
aminoquinoline yielded new thrombin inhibitor and
confirming a new existing bioisosteric relationship between
these tunctions.

in the course of searching for high affinity dopamine D3
receptor antagonists, conformationally restricted benzamide

H
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NAPAP. 189 O =" s o ° H
.
‘ 160 O

Scheme 33.

with these pharmacokinetic limitations, Rewinkel and
coworkers proposed the bioisosteric exchange of the
benzamidine group by the I-aminoisoquinoline function
(Scheme 83y [84]. In this study the authors demonstrated
that the lower basicity of the I-aminoisoquinoline group
(pKa=7.5) conferred a'greater absorption to compound (160)
determined using cell ‘'monolayers as a model for intestinal

sosteres, such as pyrroles, oxazoles. and thiazoles were
nvestigated by Einsiedel and coworkers {Scheme 54).
eplacement of the amide saltopride (161) by a pyrrole ring
led to compound 162 which maintained affinity for the
opamine D3 receptor and introduced modest sclectivity
ver the dopamine D2 receptor. Replacement of the
\nzamidc with oxazole subunit resulted in compound 163,

N
- \—C'H»‘ /A'”C}\;\Bn

N\ \
/“‘ H
g™
OCH;
Br
161 162 163

Scheme §4..
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which exhibits dopamine D3 and dopamine D4 binding
affinitics comparable to those of the atypical neuroleptics
sultopride and clozapine. respectively [7)

|
6.3. The Versatility of Non-Classic Bioisostersism

A spectacular example of non-classic bioisosterism may
be illustrated by the work of Macchia and coworkers,
involving the bioisosieric' relationship between the benzene
ring (165) and the methylencaminoxy methyl moicty
(MAOMM. 164) (Scheme §5) [86]. These authors, studying
the synthesis of new non-steroid anti-inflammatory agents of’
casy synthetic access, prepared substance 167 possessing the
MAOMM function as bivequivalent to the benzene ring
(Ph). The results observed in the anti-inflammatory activity
of 167 and derivatives. in comparison with standard
diclofenac (166). an aryl-acetic acid anti-inflammatory drug.
prove this amazing bioisosteric relationship [6].

MAOMM

SN .-

s o
164 ! N 165
AT
i ‘111"
ch
¢l NH | |
Ol \ N
Q COH
166 ' 167

Scheme S5,

More recently, Balsamd and coworkers described the
attainment of new selective inhibitors of PGHS-2 isoform,
applying bioisosterism as a strategy of molecular
modification [87]. This study also illustrates the non-classic
bivisosteric relationship between aromatic rings and the
methylencaminoxy methyl moiety (MAOMMY) (Scheme 56).
However. it must be considered that introducing the oxime-
cther (O-N=CH-) subunit in 169 introduces incxistent
molecular characteristics in the structure of lead compound
SC 57666 (16R).

Scheme 56.

6.4. Retroisosterism

Retroisosterism is based onithe inversion of a determined
functional group present in the lcad compound structure,
producing an isosterc with the'same function (Scheme 57).
This strategy, just as the other bioisosteric strategies
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commented on in this paper, aims to optimize the
pharmacotherapeutic propertics of the orniginal lead
compound. thus aiding in optimizing the profile of
intefaction with the hioreceptor in designing drugs with half-
livet more adequate for therapeutic use and may even be
uscd in the atiempt to avoid the formation of potentially

toxi¢ metabolic intermediates.
0 5 .
RIrOIsOsIen sm | O, R
R
R, -o-- -
R JL of ' -------- - Ir
Scheme 57.

[ a recent study, Lages and coworkers described the
existing retroisosteric relationship  between  the
methylsulfonylamine and mcthylsuifonamide functions
(Schéme 58) present in the structures of new selective COX-
2 inhibitor lead compounds 170 and 171 {88]. This type of
retroisosteric relationship confers metabolic susceptibility
and distinct pKa values between compounds 170 and 171,
while|the greatest activity found for the methylsulfonamide
derivative 170 may be explained considering the profiie of
interattion of this group with the Args;y and Serysz amino
acid residues present at the catalytic site of COX-2. tavored
in 170 when compared to the 171 retroisostere.
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Schemel 58.

Based on studies of molecular modeling, Barreiro and
coworkers proposed two new molecular standards,
exemplified by compounds 172 and 173 as new candidates
for seqond generation anti-inflammatory drugs . The
molecular design of 173 from the lead compound 172
(Schemie 59). was realized applying the strategy of
refroisofterism [ 14] and aimed to minimize the possibility
of eletfophylic species formation (176) (Scheme 59).
potentiajly toxic, obtained by the action of cnzymatic pool
involved in the metabolism of xenobiotics. Furthermore. the
use of fretroisosterism for derivative 173 enables the
formatian of intramolecular hydrogen bonds, which confer
greater ¢conformational restriction allowing the prediction
that derivatives 172 and 173 will present pharmacokinetic
concerning the process of metabolism and
phamxa;l)dynamics distinet profiles.

Among the different categorics of 5-lipoxygenase
inhibitors (5-LOX), the hydroxamic acids stand out acting
through fthe formation of complexes with the Fe3* ion
present at the catalytic site of 5-LOX. Tt has been shown that

although many hydroxamic acids are potent inhibitors of the
cnzymce it vitro, they fail to produce significant inhibition
in wivo. \This dichotomy between in vitro vs in vivo

pharmaco¢logical results can be explained based on
pharmacokinetic studies realized with different hydroxamic
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acids [89]. In these $tudies it was demonstrated that
hydroxamic acid derivatives (e.g., 177) are rapidly
mctabolized 10 corresponding inactive carboxylic acid

I

i
g\o

77

derivatives, which are unable to block leukotriene synthesis.
Taken together these results suggest the pharmacophoric
profile of hydroxamic acid subunit (CON(OH)CH3).

Later, Summers and coworkers (1998) [90] demonstrated
that hydroxamic acids with 5-LOX inhibitor activity have
small substituents {(hydrogen or methyl) attached to the
hydroxamic 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 apphcation of
retrotsosterisim 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

Scheme 60.

Scheme 61,

|
'
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ministered orally to rats, this retroisostere produced higher
sma concentrations and longer duration. For example,
mpound 178 produced peak plasma concentrations in the

CH,

©/\ ’
A 63162

178

s of 140 uM at 3 h after a 100 mg/Kg oral dose, while its
ngener 177 reached a peak level of only 15 pM 30 min
er dosing.

From the pharmacedynamic point of view, the
armacological assays carricd out with hydroxamic acid
7 and its retroisostere 178 (A 63162) reveal that 178 was
nificantly more potent than 177 in inhibiting in vivo
kotriene synthesis in the rat peritoneal anaphylaxis
del. Following oral administration, 178 (EDsg= 8mg/Kg)
s S-fold more potent than 177 (EDsy= 40mg/Kg ).

The unmistakable demonstration of the benefits of the
ategy of retroisosterism, applied to the class of 5-LOX
ibitors, may be well illustrated by the attainment of
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zileuton (180). the first seiccuve

-LOX inhibitor to receive

approval by the FDA to ttcat asthma, discovered at Abbott
Laboratories [91]. In analogy to the results obtained with
hydroxamic acid 178 (A 63162), the application of the
retroisosterism strategy in the structure of lead compound
179 allowed the attainment of N-hydroxyurea derivative 180
(ziteuton) with a half life. oral bioavailability and inhibitory
polency greater than lead compound 179 (Scheme 61) [92].

7 FINAL COMMENTS |

we have demonstrated 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

attractive  substances of  different

pharmacological classcs including the design of me-ro0

drugs.

The correct use of the Ln.ncgy ot molecular modification
also allows the

identification of new classes of lead

compound with attractive pharmacotherapeutic activity,
minimizing the efforts of synthetic work and. consequently,

maximizing the

chances for success in discovering

medications both more efficient and of safer use

In this paper, we have also demonstrated that drug
discovery may be planned “ad-hoc

", when determined

theoretic principles of Medicinal Chemistry arc carcfully
applied. thus allowing a prediction of the structural cffects
which govern phrnnmcok}inclic factors, such as absorption
and biotransformation: consequently, in theorctical terms,
we are able Lo predict the expected bioavailability for the
new bioactive compound designed as new drug candidate.
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