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SUPERINTENDENCIA DE INDUSTRIA'Y COMERCIO
DIRECCION DE NUEVAS CREACIONES

2020
Bogota, D.C,,

Abogado
JAIME EDUARDO DELGADO VILLEGAS
E-mail: mde@mdelaw.com o mdelawof@cable.net.co

ASUNTO Radicacion 10-66579
Tramite 011
Evento 378
Actuacion 519
Oficio we- 17908
Folios 036
Patente de Invencion Patente de Modelo de Utilidad ]
Via Nacional
Via PCT (fase nacional) Cap. | Cap. Il [ ]

No. Solicitud Internacional PCT/EP2008/010411
Fecha de Presentacion Internacional 09 de diciembre de 2008.

Como resultado del Examen de Fondo realizado, con fundamento en el Articulo 45 de
la Decision 486 de la Comisién 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 0136  17/octubre/2008

2. Analisis de la Prioridad

Se acepta la reivindicacion de prioridades porque esta solicitud fue presentada dentro
del plazo establecido (Art. 9 D 486) y su contenido técnico corresponde con el de las
prioridades reivindicadas.

3. Objeto de la invencion

Titulo de la solicitud: “4-(4-ciano-2-tioaril}dihidropirimidinonas y su uso”

El problema planteado en esta solicitud consiste en suministrar compuestos
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.

Para resolver este problema técnico la solicitud en estudio proporciona un compuesto
de la férmula (I} y composiciones gque lo contienen.
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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. Excepcidn a 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. Reivindicaciones 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 PCT)

Las reivindicaciones 1y 4 no son admisible porque una reivindicacién se debe definir
la materia a proteger por sus caracteristicas técnicas esenciales y el uso de la
expresion ‘siempre gue dé como resultado un compuesto quimicamente estable”
empleada para definir la invencidn 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, Z L' L2, 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 estan ejemplificados en la forma de ejemplos
de |a invencion dentro del capitulo descriptivo, se sugiere restringir la solicitud a una
razonable generalizacion de! tipo de compuestos que han sido sintetizados o
probados, es decir, que se encuentran debidamente sustentados. El siguiente cuadro
ejemplifica la afirmacién anterior y presenta los sustituyentes que se encuentran
soportados en la descripcion.

Sustituyentes

Sustituyentes de acuerdo con la reivindicacion 1 soportados en la

Radical o descripcion a través de
de la solicitud o
las realizaciones
o 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- en la que R’ significa
R en la que R’ significa hidrageno, flior o cloro hidrégeno
z OosS 0
n 0162 2
representa alquiloC,-Ce que puede estar sustituido alquiloC;-Cs

con hidroxilo, alcoxiloC4-C4 amino, mono- o
dialquilC4-C4amino, hidroxicarbonilo,

aminocarbaonilo, cicloalquiloC;-Ce, fenilo o

R’ heteroarilo de 5 6 6 miembros o hasta cinco veces

sustituido por:

con fltor, o representa alqueniloC,-Ce, alc'ggirlmg‘ob
cicloalquiloC3-Cs, fenilo o heteroarilo de 5 6 6 cioal ‘?l 1(5 %
miembros en los que los grupos cicloalquilo C3-Cq cic °afgﬂ:ig 3-Ce,

citados pueden estar sustituidos hasta dos veces,
de forma igua! ¢ distinta con alquilo C4-C,, hidroxilo
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y/o alcoxiloC4-C4 ¥ los grupos fenilo y heteroarilo
citados pueden estar sustituidos hasta dos veces,
de forma igual o distinta, con fluor, cloro, ciano,
alquiloC,-C,, difluorometilo, trifluorometilo, alcoxilo,
- difluorometoxilo y/o triflucrometoxilo.
Rz__r representa hidrégeno, fltor o cloro, hidrégeno
representa clano o un grupo de formulas C( 0)-
R?, -C(=0)-0-R?, -C{=0)-NH, 0 -C(=0)-NH-R®, en
las que
R® significa alquiloC4-Cg, alqueniloCs-Cg 0
cicloalquiloC,-Cg, en los que alquiloC4-Cey cianc
cicloalquiloC4-Cg pueden estar sustituidos a su vez -C{=0)-R®,
R* hasta dos veces, de forma igual o distinta, con -C( 0)-O-R®,
hidroxilo, alcoxiloC,-C,, hidroxicarbonilo, alcoxiloC,- (=0)- NHZ
C,-carboenilo, amino, mono- y/e dialquilC4-C4-amino, y ( 0)-NH-R®
en alquiloC,-Cs y cicloalguilo C3-Cg un grupo CH,-
puede estar sustituido respectivamente por un atomo
de O, siempre que dé como resultado un compuesto
guimicamente estable.
significa hidrogeno, alguitoC4-Cs o cicloalquiloCy-Cy
en los gue alquilo C,-Ce ¥ cicloalquiloC3-Cg puede hidrogeno,
R® estar sustituido con hidroxilo, alcoxiloCy-Ca, alquiloC4-Cg
aminocarbonilo, aminocarbonilamino, acilC4-C,- cicloalguiloC3-Cg
o amino ¢ cicloalquiloCs-Ce.
representa metilo o etilo 6 R°y R” estan unidos entre
si y forman conjuntamente urD\ grupo condensado de metilo
Y. R’y R* estan unidos
. RN entre sl y forman
\ formula en la que conjuntamente un
R * significa el punto de unién con la posicién 5 del grupo ig?ii?: ado de
anillo de dihidropirimidina reproducido en |a formula o
(1) L
AL
** el punto de unidn con la pesicion 6 del anillo de
o __dihidropirimidina reproducido en la formula {})
_Rla representa hidrogeno, fllor o cloro, hidrégeno
representa hidrogeno o alquiloC,-Cq que puede
estar sustituido con ciano, hidroxilo, alcoxiloC4-C.,,
aming, mono- o dialquiloC4-Cg -amino o
cicloalquiloCs-Cg © hasta tres veces con fllior, o
representa fenilo, piridilo o pirimidinilo, en los que
fenilo, piridilo y pirimidinilo pueden estar sustituidos
a su vez hasta dos veces, de forma igual o distinta, L
con fluor, cloro, ciano, alquiloC,-Cs, trifluorometito, hldfogeno
alcoxiloC,-C, y/o trifluorometoxilo, alquiloCy-Ce.
rePresenta un 1grupo de formulas -C{= ) -0- R10 l:C((: Og)OORR“
L'-C(=0)-O-R", -L"-G(=O}NR"R", - sog L -C(=0)}-0-R "
NRZR™ .L°.C(=0)-NR"-NR"?R" 5 -1 2.50,-R’ L5C(=O)-NR 'R
las que L' significa alcano C,-Ce-diilo, L2 5|gn|f|ca L-C(= =Q)- ﬁR -
un enlace o alcano Cy-Cyg-diilo, NR R
R® -L%-80,-R
R significa alquiloC,-Cs que puede estar y el radical
sustituido con cicloalquiloCs-Cg o fenilo,
-C(=0)-NH-R" el
R"" significa hidrogeno o alquiloC,-Cq que puede cual no es parte del
estar sustituido con cicloalquiloCa- Cs © fenilo _capituto
reivindicatorio
Ry R" son iguales o distintos y significan
independientemente entre si hidrégeno, alquiloCs-
Ce.cicloalquiloCa-Cg 0 heterociclilo de 4 a 6
miembros, en los que alquiloC;-Ce, cicloalguiloC,-
Cs vy heterociclilo de 4 a 6 miembros
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7. Unidad de invencion (Art 25 D 486)

La Solicitud no cumple con el Requisito de Unidad de Invencion porque se refiere a
por o 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-ticaril)dihidropirimidinonas.

2° Compuestos en los cuales el nucleo esta caracterizado porque son derivados del
4-(4-ciano-2-ticari)-3,4,6,7-tetrahidro-1-H-pirrolo[3 4-d]pirimidin-2, 5-diona.

La solicitud de patente no cumple con el requisito 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)

1-33,39-43, 51-122 y 124-156

Ejemplo 1

34-38,44-50y 123

" Ejemplo 34

La evaluacion de la unidad de invencion para esta solicitud fue efectuada a través del
método problema-soluciéon en forma a posteriori y se presenta en el examen de
patentabilidad efectuado al primer grupo inventivo, encontrandose que los
documentos D1 y D2 anticipan el concepto comun inventivo de la solicitud. En
consecuencia, la solicitud no cumple el requisito del Articulo 25 de la Decision 486 de
2000 de la Comision de la Comunidad Andina de Naciones. Este despacho sugiere
presentar las solicitudes divisionales que considere necesarias, 0 limitar la solicitud
inicial a una sola invencién, eliminando de ella las otras invenciones.

8. Determinacidn del Estado de la Técnica
El estado de la técnica se determiné con base en la fecha de presentacion de la

solicitud de prioridad mas antigua: diciembre 20 de 2007 y se encontraron los
siguientes documentos que anticipan el objeto de esta solicitud:

Expediente 10-66579 Articulo 45



307

. . Fecha de
Item Documento Titulo Publicacion®
D1 WO 2006/082863 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&8KC=A2&FT=D&ND=1&date=20050909&DB=EPODOC&locale=en
_EP divuiga (Pag. 15, Ren. 1-6) un compuesto de férmula | y su realizacion preferida
77 (Pag. 101. Ren.1-2)

= X

Compuesto 1A Ejemplo 77 (Pag. 101. Ren.1-2)

y una serie de derivados de la 4-(4-ciano-2-tioaril)dihidropirimidinonas representado a
traves de sus realizaciones preferidas 18 (Pag. 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).

: A |
VAR N
HH T e e HE i N’Y
"!""‘:‘ i'-,. j‘;\a\{“" He “’J%C' H,C I NJQ‘n HE ,(l% ¢
A @
LA, ©~m, @ @

Ejemplo 18 Ejemplo 11A Ejemplo 13A Ejemplo 22°

cF, CFy

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

R N,R°
I
MG N’&‘o
Rn
CF:I

Compuesto i-B

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

Adicionalmente, da a conocer (Pag, 4, tab. 2) algunos grupos bioisésteros no clasicos
dentro de los cuales muestra a la sulfonamida la cual posee dos bioisdsteros; OH y
CH.0H.

9. Examen de Patentabilidad (Art 14 D486)

Nivel Inventivo (Art18 D486)
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Teniendo en cuenta la falta de unidad de invencion, se elige el primer grupo inventivo
para estudiar la patentabilidad de la invencion para la reivindicacion 1 caracterizado
por ser un compuesto derivados del 4-(4-ciano-2-tioaril)dihidropirimidinonas

-
..,kA.u.. .

Compuesto |

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

Técnica:

Caracteristicas esenciales

D1

Un compuesto de férmula |

Un compuesto de formula |

L
PN af 2
. N L
L3 . g 5 .
H“ e
T e ,J%
! R
P
Pagint ¢F,
Compuesta | Compuesto |
z 1
R R

hidrégeno, fluor o cloro

hidrégeno, haldgeno, nitro, ciano, alguiloC;-
Cs, hidroxi @ C,-Ce-alcoxi, en el que
alquiloC,-Ce-alquilo y alcoxi pueden ser
adicionalmente sustituido con uno a tres
radicales idénticos o diferentes
seleccionados del grupe que consiste en
haldgene, hidroxi y Ci-Csalcoxi

E Z
. NoC-R’ N o C-R’
A Carbono
. Carbono
R® R? .
T i Trifluorometilcarbonilo, Cs- D_W_Ulga que el
Cralguilocarbonilo, C-Cealcoxicarbonilo, bicisosterismo
Ca -Cealqueninoxicarhonile, hidroxicarbonilo, es una
aminocarbonilo, mono-o di-C4-Cq )
alquilaminacarbonila, Ce-C1o estrategia de la
arilaminocarbonilo, arilcarbenilg | uimica
Ciana o un grupo de formulas =C{=0}-R® C{=0)- heteroarilcarbonilo, heterociclilcarbonilo, q. .
0-R® -C(=0)-NH; 6 C(=0)-NH-R? heteroarilo, heteroarilo o ciano, en el que medicinal para
alquilo C+-Ce-alquilcarbonile, Cy- caf
Csalcoxicarbonilo, meno-y di-C;- el _d I5enc
C.alquilaminocarbonilo pueden ser racional de
adicionalmenie sustituido con ung a tres
radicales idénticos o diferentes nuevos
seleccionados farmacos
R* R’
alquile C,-Cy donde alquilo que puede estar
sustituido con uno a tres radicales idénticos
o diferentes seleccionados del grupo que
. . consiste en halégeno, hidroxi, alquiloC,-Cs
Metito o etila alcoxiCy-Cq, alquencxiC;-Cs, C1-Cg alquiltio,
amino, mong-y di- C,-Cealquilaming,
arilamino, hidroxicarbonilo, C,-Cg -carbonilo
y el radical-0C;-C. -alquile-0C,-C,-alquilo,
R® R

| hidrégene, alquiloC,-Cs donde puede estar

sustituide con ciano, hidroxi ,C,-Cg-alcoxi,
amino, mang-y di- C-C4 alguilamino o6 ciclo

alquilo C4-C. 6 un grupo de férmulas ~C(=0)-

OR'™, L'C(=0)-0-R" - L'C(=0)}-NR"Z R™ L%

SO:NR™ R™ - L*C(=0)- NR™-NR" R®¢1L%-50,-
R1S

Un grupo de férmula =T-U donde T
representa C,-Csg alcanediil o alquenodiil y U
represenia Ce-C1, aril 0 5 0 6 heteroarilo
sustituido por 1, 2 0 3 radicales
seleccionados

RB

R!!

hidrégeno, fldor o ¢loro

hidrégeno, haldégeno, nitre, ciano, alquiloC,-
Cs. hidroxi o C-Ce-alcoxi, en el que alguito
Ci-Ce-alquilo y alcoxi pueden ser
adicionalmente sustituido con uno a tres
radicales idénticos o diferentes
seleccionados del grupo que consiste en
haldgens, hidroxi y C,-Csalcoxi
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Realizaciones Preferidas

Realizaciones Preferidas y

ejemplos
" N
SIS
i Y QP
LN /j/*\. M /l i.‘ H,Cv\o | .
L SQ0Y
T HE N’ko 0

Ejemplo 77 {Pag. 101. Ren.1-2)

N

N | MH
A P
a Q.
Ejemplo 5 (Fol. 123) Ejemple 11A
A i
o |
LA .
BOY AL,
oy <
i Ejemplo 6 (Fol. 124) Ejemplo 13A

Eldocumento D1 se considera el estado de la técnica cercano a la invencion definida
en la reivindicacion 1 porque divulgan una serie de compuestos derivados de la 4-(4-
ciano-aril)dihidropirimidinonas inhibidores de la elastasa neutréfila humana (MNE)
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,13A y 22A divulgadas en D1 consiste 1.)
En que los compuestos objeto de la invencién definen un sustituyente sulfonil

sustituido sobre el anillo - y el documento D1 no refiere especificamente este
sustituyente. Sin embargo, sugiere otros sustituyentes como hidrégeno, halégeno,
nitro, ciano, alquiloC1-Cg, hidroxi o alcoxiC4-Cg para este mismo anillo.

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

posicion 3 de este anillo’™ es suministrar nuevos compuestos alternativos
inhibidores de la elastasa neutréfila humana (HNE) de bajo peso molecular y
estabilidad metabolica mejorada utiles para tratar o prevenir enfermedades
pulmonares o del sistema cardiocirculatorio.

Por lo tanto, el Problema Técnico Objetivo que pretende resolver esta invencion se
puede formular asi: “coémo incluir un sustituyente 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 el reemplazo isostérico con lo cual “se logra

obtener compuesto estrechamente relacionados con propiedades mejoradas con
mayor potencia y menores efectos colaterales”
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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 radicai
—-0OH 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 1a reivindicacion 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 preparacién de un compuesto

de formula |

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

reaccién de tres componentes
en un recipiente de reacciéon o
secuencialmente

tres componentes en un solo
paso de reaccion

Ca_racteris"fica
F

para obtener el compuesto de
formula 1-B

< ™ Compuesio |-B

para obtener el compuesto de
“'fOrmuIa -8

“C

w 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

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

R®-X Compuesto V

S Técnica:
L SOLICITUD D1 D2
Caracteristica Un procedimiento para la Un procedimiento para la
A preparacion de un compuesto | Preparacion de un compuesto
de formula | que comprende | de formula ! que comprende
e M
A e
A A~
s .)\' H,C N’L\'o
Sy )
. Compuesio | s Compuestoll
Caracteristica hacer reaccionar un Se condensan los
B compuesto de formula If compuestos de formula Il
-3
X
7 siop-R R*
(4]
CHO .
__ Compuesto Il Compuesl? Il Dlvulga que
Caracteristica con un compuesto de formula | con un compuesto de farmula el
c Il n .. .
R? o bioisosteris
l mo es una
\ .
] . R © Compuesta Il R™0 Compuesta Il esgatlegla
Caracteristica . con componente de férmula ela
con componente de formula IV .
b PNH, v quimica
Sy hH, medicinal
”/” © para el
¥} W) - e
e, Y}JFR disefio
o Compuesto IV ol Compuesto iV racional de
Cc isti n pr i i . .
e e ooy | Enpresenciadeunscigo | 1USVOS
cualquiera en una reaccion de | farmacos
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El documento D1 se considera el estado de la técnica mas cercano a la invencién, ya
que divulga procedimiento para la elaboracién de derivados de la  4-(4-ciano-
aril}dihidropirimidinonas.

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

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

Sin embargo, el documento D2 divulga el reemplazo isostérico con lo cual “se logra
obtener compuesto estrechamente relacionados 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-tioarii 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 asf 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:

, ' Reivindicaciones
item Documento afectadas Requisito que afecta
D1 WO 2005/082863 1-7 Nivel Inventivo
Current Medicinal Chemistry, ;
D2 2005, Vol. 12, No. 1 1-7 Nivel inventivo

En cumplimiento del articulo 45 de |la Decisién 486 de la Comisién de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (680) dias
contados a partir de la fecha de notificacién de la presente comunicacién. En caso de
no dar respuesta al presente requerimiento, ¢ si a pesar de la respuesta subsistieran
los impedimentos para la concesion, se denegara la patente.

Se invita al solicitante se sirva indicar, si asi lo considera, su renuncia al término
faltante (80 dias) y presentarla por escrito.

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

JOSE LUIS SALAZA:; LOPEZ

Director de Nuevas Creaciones (C)

11/4
El anterior requerimiento fue notificado por fijacién en lista, de fecha 09 Ot 2

Revisado Por: Consuelo Leguizamén Legu
Aprobsdo por: José Luis Salazar Lépez.

Elaborado por: Lenin Roherto Guerrero.‘;’(lllzl
i mon‘N
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Bioisosterism: A Useful Strategy for Molecular Modification and Drug

Design

Lidia Mareira Lima and Eliczer [. Barrciros

Labararori e Avalingdo ¢ Siptese de Subsidncios Bioatives (LASSBio), Faculdade de Formdeio, Universidade
Federal do Rin de Jencire, CCS, Cidade Universiteria, CP ARONA, 21944100, Rin de Janvira, R.1., Bra=il

Abstract: This review aim 10 demansirase the role of bioisosterism in rational drug design as well as in the
maoleculay modificiion and eplimization process avming to improve pharmacodynamic and pharmacokinelic

propertics of lead vompeunds.

L INTRODUCTION

Bivisosterism is a steategy of Medicinal Chemistry for
the rational design of new drugs, applied with o lead
compound (1L.C) as a special process of molecular
modification [1], The LC should be of 3 complelely well
knawn ¢hewmical structure and possess an equally well
known mechanism of action. if possible at the level of
topographic inieraction with the reecptor. including
knowledgee of all of its phammacophoric groug. Furthermore,
the pathways of metabolic nactivation [2], as well ag the
main delermining structural factors of the physicochemicat
properhies which regulate the bioavailability, and its side
elfects, whether dircetly or not, should be known so as 1o
allow tor a broad prediction of the definition of the
binisosteric relation to be used.

The success of this strategy in developing new
substances which are therapeuticatly attnctive has observed o
significant growih in distinel Ltherapeutic ¢lasses, being
amply used by the pharmagetical indusiry o discover new
andlogs of therapeulic innovations commercially miractive
(me-too), and also as a toal useful in the molecular
mudification.

There may be innwmerous reasons for the use of
hiaisoslerism 1o design rew drugs, incfuding the necessity
to improve phanmucological activity, gain sclectivity for a
detenmined receptos or enzymatic isoform subtype - with
simultancous reduction of certain adverse effects -. or even
optimize the pharmacokinetics the 1L.C might present.

In this paper. we will discuss hinisosterism as a stralegy
ol moleculr modification. showing its importance in
huitding a new series of congeners compounds designed as
candidate of new drugs. giving examples of success{ul cases
m dishingl therapeatic ¢lasses [3-7].

2. BACKGROUND

In 1919, Langmuir [8] studying the chemical behavior
and reactivisy of determined substances possessing atoms ar
groups with the same number of valence clecirons, ie.,

*Address correspondence 1o this anthor at the Laborigrio de A zlingio ¢
Sintese e Substineis Hivalivas (LASSBioY, Freuldade d¢ Fanndcia,
Universidade Tederal do Rio de Janciro. CCS, Cidade Universiddria, CP
68,006, 21944- | 90, Rin de Janeira, R, Brazil. k-mnil: ejb%rphamauliy.br

0929.8673/05 S50.40+.00
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isoclecironic, created the concept af isosterism 10 define
atoms o organie or inerganie melecules which passess the
same number and/or arramgement of elecirons examples:

02 x F" x Ne x Na” x Mg*?
CTO4" x S04 x POg"}
N=N x C=0
CO, x NU;
N=N=N x N=C=()

In 1925, Grimaim [9] formulated the Hydride Displacesens
Law, an cmpiric rule which staies that 1he addition ol a
hydrogen atom with o pair of electrons (i.e. hydride) to an
wtom. produces a pseudoatom presenting the same physical
propertics as those present in the colwmn immediatcly
behind on the Periodic Table of the Eiemems for the inival
atom (Fig. 1), showing that any atom belonging 10 groups
4A, SA, 6A, TA on the Periodic Table change their
properties by adding a hydride. becoming isoetecironic
pseudoatoms,

In 1932, Erlenmeyer [10] proposed a hroadening of the
term isosterisim. defining isosteres as elemests, molecules or
ions which present the same number of cleetrons at the
valence level. His cantribution includes the proposition that
clements of the same column on the Periodic Table are
isosteres among themselves (e.g. C x Si x Gey and the
ereation of a cuncept of rings ¢lectronically cquivaten, later
broadened 1o the term ring bioisosterism,

The eoining of the term bioisoslerism goes back to lhe
pioneer work of Fricdman and Thomber during the early
50s. Friedman [11). recognizing the usefutness of the
coneepl isosterism 1o design bioactive muolegules, defined
bicisosiees as compounds which fit the definitions of
isosieres and which exercise their biological activily of
hiareeeptor, whether through agonist or antaganist actions.
However, Fricdiman introduced the 1erm bioisosterisim (o
deseribe the phenomenon observed between substances
structurally related which presented similar or antagonistic
biglogical properties [11]. Later. Thornber [3] proposed a
hroadening of the term bivisosteres. defining them as sub.
units ar gronps or malceules which possess physicochemical
prapertics of similar biclogical effects.

Ovwer the years. innumerous bivisosteric relations have
been identitied in compounds bath natural and syntheric, In
niture. we have identified many oxamples of jsosterizm az a

© 2005 Bantham Seience Publishers Lid,
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Fig, (1) Grimn's hydride disptacement law.

form af brondening chemodiversity (Scheme 1), siriking
amony, which arg the classic hipisnsteric relation existing
between the essential amino acids serine (1) and cysicine (2),
tyrusine {3y and histidine (4) mneng the pyrimidine and
purine bases cyinsine {53 and uracile (63, adening (1) and
guanine (8% among the xaosthines caffeine (9) and
theophyline {101 and among the salicylic {11} and
anthranilic (12) acids, which originated two impartant

ciasses of non-steroid anti-inflammatory drugs. e.g.
acelylsalicylie ucid and mefenamic acids, respectively.
Furthermore, examples of the application af non-classic
bivisosterism are also found in nature - such as the
bioisosteric relationship exisling between y-aminabutyric
acnd (GABAY {13) and muscimol {14}, belween the
neurvlrunsmitlors glutamate (153 and AMPA (16).

0 [}
h 2 /Y'l\
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NH, \= N KH,
NH; Nk 1O
1 H 3 4
m i " I
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N ‘ N m N NT - N H. LN
A - BOUC Y LY
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& & 7 8
o €1y o H i
K% ! e .
Sy th vy LN on on
/[L 7 )\ |~ 2
0% N N I N an NI,
1 1
e, CH " "
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4 Nl—u (4] 43
~
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b
MH, e
K] “ 23 0

Scheme 1,
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3. CLASSIFICATION OF
CLASSIC AND NON-CLASSIC

BIOISOSTERISM:

ln 1970, Alfred Burger classified and subdivided
binisoteres into two broad calegorics: Classic and Non-

Classic [12] (Scheme 1),
~
Newt-Chies e

4

Chessie
«F i nona ) Groups

sNen-Cydicor Cyehie

« Kelrpisosiensm

Riolsosterism

A 0 proups
« Riny Eguivalents

Scheme 2.

Burger's definition significantly broadened this conecep.
now denominating those atoms or molecular subunits or
funciienal groups of the same valence and rings equivalenis
as clussic bioisesieres. (Tzhle 1), while non-classic
bioisesleses were those which peactically did not fit the
detinitions ol the first class {Table 2).

| Classic Bioisosteres {Table 1)
1.1 Muongvalent atoms or groups
1.2 Byivalent aloms or yroups

1.3 Trivalent aioms or groups
1.4 Telnsubstituled atoms
1.5 Ring cquivalents
2 Non-Classic Binisosteres (Table 2)
| Cyclic vv Noncycelic
2.2 Funetinnal growps
23 Retroisosierism
Tuble | Classic Biolsostere Groups and Alems
Menuvalent Rivalent Trivatent Tewruvalens
OH-NHCHL -0 +(H,- =(H- (=
K -Gl -Br, - 1, SHL-PHy, -0- =N- =Kim
Sy SR EN -7 -
-Se- =As- “pte
~Te- =Sh- =Aste
nih" ™

Many authars have contributed 1o updating the tables el

lunciional binizostere groups, which explains why, in that
which we refier Ie non-classic bioisosterism, we have
ohserved a growing bumber of bivisosteres deseribed in the
litwrature [6-7].
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4. BIOISOSTERISM AS A STRATEGY OF
MOLECULAR MODIFICATICN

Ameng the most recent numerous examples wsed in the
strategy  of  bioisosterism  for  designing  new
pharmacatherapeutically attractive substances [6-7.13]. there
is a significant predominance on non-classic bioisosterism,
distributed in distinct therapeutic categorics. be they
selective recepror anfagonist or agenist drugs. enzymatic
inhibitors or anti-metabolites. The use of classic
bioisosterism for the structural design of new drugs, while
less numerous. has also been carried out successiully §6].

The correet use of bisisosterism demands physical,
chemical, etectronic and canformational parameters involved
in the planned bioisosteric substitution, carefully annlyzed
so as lo predict. although theorctically, any cventual
allerations in terms of the pharmacodynamic and
pharmacokinciie propertics which the new hinisosteric
subsiance prescnts.

Thus heing, any bioisosteric replacement should be
rigorously preceded by careful analysis of the following
parameters (5]

a) size, volume and clectronic distribution of the atoms
or the considerations on the degree of hvbridization,
polarizability, honding angles and inductive and
mesomeric cflects when fitting;

b) degree of lipidic and squeous solubility, so as to
allow prediction of alwcration of the physicochemical
praperiics such as logl and pKa:

4] chemical reactivity of the funcitonal groups or
bioisusterie structural subunits, mainly 1o predicl
significant alterations in the processes of
biotransformation. including tor the cventual
alteration of the Loxicity profile relative 1o the main
metabolites;

d) conformationsl factors. including the differentiat
capacity fermation of inter- or intramolccular
hydragen bonds.

4.1, BIOISOSTERISM AND ALTERATIONS OF
PHYSICOCHEMICAL PROPERTIES

Some bicisosteric proups dramatically alter the
physicochemical propertics of substances and. thercfore, their
aeifvilics. This can be eusily understood by comparing
classic isnstercs resulting from bisisosteric replacement
between hydroxyl (<OH) and amine (-NH3), an example of
classie bioisosierism of monavalent groups according 1o
Grimm's Rule. In this case, considering the bioisosteric
replacement of aromatic amine present in anline (18) by
hydroxyl, we have phenal (17) (Scheme 3) resulting in a
significant change in the acid-base propertics of isosieres,
with drammie medification of the pKa of the compounds,
which is respansible for the distinel pharmacokinctic profiles
amang the isosteres in question. Ferthernore, in terms of
molecular recognition of & given receptor site, we have n
change form one positively charged lunctian {-NH3*').
originating from basic aromptic amine function (pKh = 9,30}
by another acid (pKa = [0,0) present in phenol., which may.
quitc probably, abolish the original activity [14). Thus, in
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-GN -A-hydrinyisoaroke -benzlmldarole
R - — e e— — — e _ - — —— e = o o4 o —
SCHICNY  -2-hydrossehromanes -NIFCONI, ! N s
- - . t -
R-S-H -NH-CS-NN, ; =Celly N
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| NH, -
N H + - 4 -
halides )
- _— = —_ — = o a e —— .
3 . ! b )
-— - —— —_— i
- EE. — 1 _— ! — e—

this example, we may predict that the use of bisisesterism,
cven the clussic Lype, can promoie severe alterations of
moleeular preperties. as much in terms of lipidic-uqueous
»odubility as well as chemical reactivity. among others,
which. broadly speaking, is not observed in the same
homolegue carbonic series. Qiherwise, the sysiem's
emgvimatic capacity for hepatic desoxification of xenobiotics,
invelving the microsomal mixcd function oxidase also
called cviochrome P-450 sysiem | L4]. is distingt in 1he
presence of these functional isesicric groups, which does not
allow a simplistic comparison between the lead compound
aniline (18} and the hydroxylated isosiere (17) in 1erms of
metabolism, aliering, there fore, the pharmacokinetic phase as
well as the pharmacodynamics of the isosteres,

7 8
CHy
* o H
19
N
H
o\“"() 3
He o
)
H 20

Scheine 3,

Anather classic example of isosteric replacement
involving phenol (PhOMM), can be found in the senrch for
adrenergic derivatives. structurally selated 10 catecholamines
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{Scheme 3) [15]. This example illusirates the exchange of
phenalic Sydroxyl group present in compound 19 with the
arilsuifonamide unit in compound 20, through the use of
nen-classic bivisosierism of functienal groups.

The results obtained, carrying out bioassays with these
campognds, witness comparable biological activities
thraugh the mechanism of equivalent action, allowing s to
conclude that hoth functional groups invalved arc authentic
bioisesteres. This  bioisosleric relalionship  was
experimentally evidenced by detesimining the degree of
acidity of these subsiances. Both compounds are of
comparable acidity (pK, = 9.t and 9.6 respectively),
cxplaining the similarity of biological profile in funciion of
equivalent interactions of both imelecules wilh siwe reeepior,
possibly through jonic bonding, in the presence of a simitar
acidity or even through hydrogen bosding |[I15].
Furthermore, both acidic proups ., i¢. R-PhOH and R-
PhNHSO,CH; are. in this case, monovalent gronps.
However, the identified bioisosteric retationship berween the
PhQH and PANHSO,CH3 groups. confinned for adrencrgic
derivatives 19 and 201 is not extensive to ather bioreeeptors
in which the process of molecular recognition is distinet, An
example of how isostere groups can, in certain systems, not
nutindain o bioisesieric relutionship, previously defined in
anather biorecepior, is well illustrated with the snalyses of
21 and 22. described by MeCurdy and cowerkers (Scheme 4)
[16}. The siructural design of 3-sulfonamido compound 22,
targeting the attainment of ncw bonds for opioid receptors,
was based on the struciural data of lead compoennd 2 1. which
point 1o the relevance of phenolic hydroxyl as site of
malecular recognition. This way. the replacement OH by 1he
NHEO0H; group would respect the acidic properties and
the characteristics danor and/or accepior H-bonds as
cvidenced by the previous work of Larsen and Lish (19647
Nonetheless, the determination of the pharmacologicnl
propertics of aritsulfonamide derivative 22, evidenced the
absence of affinily by the apicid receplors, in vitre models,
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indicating that in this sysiem the groups PhOH and
PONUSOACH; are oot bioisosteres, despite their great
sivuctural shmidarity,

Scheme 4.

Thus. when himisosteric replacement oceurs in functional
proups involved in the pharmacophore subunit of » cenain
hioactive substance. the relative activity of the resulting
compounds may be deamatically modified. However,
haisasteric veplucentent which suceessfully sgeurs in a
serics of compounds acting as o ope of hioreceptor, will
nerf wecessarcily be suceessfid i another therapewic series,
acting theough other receptors,

5, CLASSIC BIOISOSTERISM

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

In the search for new anti-hypernensive drugs analogous
1o clonidine (23), with a greater seleetivity by Iy imidazoline
receptors (1 R) and reduced action on a-adrenoceptors,
Schann and coworkers deseribed the attainmem of new
candidates for anti-hypertensive drags designed hy malecutar
modilicalions in the structure of the lead compound
rilmeniding (243 (Scheme 8) [17]. These modifications were
bused on classic bicisosterism of bivalent groups,

Current Medivinul Chemisery, 2008, Vol 12 No. & 1T

exemplified by replacement of the bivalent oxygen atom ()
present in the exazoline ring. by the methylene group (C113).
in the siructure of the new pyrroline derivanive (25); and
between replacement of monovalent groups ilustrated by the
substitution of hydrogen atoms (H} in C-4 and C-5 of
derivative (23) by the methy] group {CH3). originating the
cis/irany-4.5-dimethyl homologue 26 [17]. The hindiag
tests with YR wnd az-adrenocepiors evidence that the
modifications eccurring in the sinicture of ribmenidine {24),
allow the astainment of derivatives with affinities
comparable 1o lead compound (24). although with a superior
selectivity for 1R, and illustrated an example ol the success
of classic binisoslerism,

To develop new H1V-protease inhibitors. Rocheblave and
cowerkers described the binisosleric exchange beiween
hivalent groups (Scheme &), realizing the exchange of the
methylene group (CHj). present in the siructure of the lead
compound amprenavir (27, for the sulfur awom (5) in 28
[1R]. Knowing. « priori, that this isosieric replacement
could induce several modifications in lerms of size, shape.
clectronic distibution, chemical reactivity. lippphilicily und
hydrogen bonding capacity, this ncw isosier was
synihesized, and its stereoisomeres were duely separated by
HPLC and tested as recambinant HIV prowcase inhidiors.
The resubis obtiined revealed that the four diastercoisomers
tested were only weak inhibitors of recombinant HIV
prosease. while the diasiercoisomer (28a), of the same
absoluie conliguration as the lead compeund amprenavir
(27). bting ca. 1400 less poient than 27, These results could
be explained by the high sensitivity 1o hydrolysis af thio-
isoster 28a-d. In fact, the hali-life value Tound for
thiophenoxy derivative 28a-d was 10 min. while amprenavir
{27} was recovered unchanged after 1440 min.

Ancther illustration of the application of classic
binisnstersm can be lound in the works of Penning and
coworkers {Scheme 7) [19]. Continuing the research 1o find
new anti-inflammatory drups acling through the sclective
inhibition of prosuglandin-H synthase-2 (PGHS-2) or
cyclooxygenase-2 {COX-2). the authors investigated the

Scheme &,
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elfeer of isosteric modifications on the structure of lend
compound SC-58125 (29). 1o improve s pharmocokinctic
properiics. [n spite of the high rate of seleciivity by PGHS-2
{81= 1000} and good inhibitory potential, the derivative $C-
3R125 (29) exhibited a half-lifc of over 200 h. thus reflecting
its low suseeptibility in the presence of the complex enzyme
involved in the hepalic metabolisin of xennhintics. Hence.
the authors suggesied 1wo elassic bioisosteric monovalent
group replacements. represented by replacing the methyl
group. (CHy ) by the NHy group and exchanging the fluvrine
atom {F) with the CHy group (Scheme 7). Boih isosieric
replacements sugpested allow introducing into the sliecture
of the new biotsostere of SC-381235, vulnerable snft
metabolic sites wking advantage of the effect of the first
passage (through reactions of conjugation with glucuronic
neid and the benzylic hydroxvlation catatvzed by CYPAS0,
respactively, This new hioisosiere aptimized by SC-58125,
oo celecoxib (30), of a half-life of from 8-12 h, was
intrecluced an the Brazilian market in 1999 by Pfizer/Scarle
Luborataries 1o treat rheumatoid anhritis and other
inflammatary conditions. being the first non-steroidal anti-
inflammatory drug (NSAID) acting selectively upon the
inducible isofonn prostaglandin-H synihuse (.., PGHS-2)
and, therefore, without the imritating gaseric effects typical of
the (irst generation NSATDs [20].

Scheme 8.
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Lima and Barreirn
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Schewe 7.

The design of dichloroisoproterenol {32) from
isoproterenol (31) is, without a deubl. an vnique cxample of’
lhe contribution of the application of binisosierism 1o
optinuze pharmacodynamic and pharmacekinstic propenics
of new drugs (Scheme 8). The replacement of catecholic
hydroxyls, present in isoproterenn! (31), by the manovaleni
chioro (CH group in the structure of dichlaroisoproterenal
{32). represented a uscful strategy to obtain new analogs
with half-lives greater than the tead compound 31, since this
broisosteric replacement allows blocking one of the main
sites of metabalism ol this catecholamine denvative.
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Ho, NH, "o,
:@A/ ------- _
1o 1o

Sehewse 9,

Furthermore, the discovery of dichloroisoproterenol (32).
made fteasible the comprehension of the relevance of
structural characieristics of (he catecholic subunit Tor
adrenergic activity, allowing & posteriori the discovery of
proncthalol (331 the first selective antagonist for adrenergic
receptors for subtype B, Pronethalel(33). discontinued durtng
the 19805, was the precursar ol propranolel (330). a
therupeutic innovation which revolutionized the treatment for
hyperiension. The discoverer. Sir lames Black, received the
Naobel Prze in Medicine Tor this teat and his discovery was
the Icad compeund for innumerous other more selective
addrenergic i) anlagonists,

CH,

Scheme 10,

The Rioisosterie replacement of the bivaleni oxygen (O)
wom by sulfur {8) resulis in s significant alteration tn
lipophiliciy, and may be used in the design of new drugs 10
act upon the central nervous system {CNS). Van Viiete and
coworkers {Scheme 99, in their search for seleclive agonists
of dopaminergic receplors, sublype 3 (D3}, molecular targel
tor the design of anti-psychotic drugs, realized maodifications
in the hexahvdeomaphtboxazing sysiem present in lead
compound 36, an analog conlornationally restricted to
depamine (34). ol high poteacy and low selectivity {27).
These structural modifications, bascd on the bioisosteric
exchange of the methylene (CHi) group in 37, by oxygen
(0 and sutfur (S) atoms in compounds 3R and 39,
respectively, allow identificalion of 1wo new depamine
analogs. The coetficient of panition of thio-isosiere (39, log
13- 1,62) compared to oxa-isostere (38, Jog D= 1,13),
showed & significant inerease in lipaphilicily, a typical
conseguence of the hivisosteric replacement carricd out.
However, the determination of sclectivity by the ditferem
subivpes of dopamineryie receptars, assayed by the binding
fest. eads us 1o believes in an inverse relationship belween

Expediente 10-66579 Articulo 45
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the increase in lipephilicity and the selectivity desired by the
33 receptors.

To understang the contributions el 4-aminoquinoline
subunit present in the structure of the first generation
antimalarial chlorequine {CLQ, 40). Cheruku angd coworkers
described  the auainment snd deiermination of the
pharmacological profile of modilicd analops of CLQ
{Scheme 109 [22]. In this siudy, the authors carried oul the
classic bioisosteric exchange of NH (n; AH-aaifinic) and N
(b. M-guinalinic) with the CH> and CH groups in the
structure af compounds 41 and 42, respectively, abserving
the toss of amimalarial activity in Ibe presence of the

i Clty
o Cik
N _CH 1N N N Oy
[t] ]
------ -
------- - 0
Cl CH
h
42

madifications realized. Carbo-isosteres 41 and 42 were
mictive duc Lo the inhibition of Plasmodium falciparam NK
54 or KI strains. even in concentralions over 3000 nM
(CLQ. ICsy= X.5 and 150 nM. respectively). and nlso
proved to be upable 10 inhibit the formation of hemozoine

AZT. 43 H

Scheme 11,
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{CLQ ECsp= B0 pM:z 41 1Cs= 1500 uMe 42 ICsy= =2500
phdy Flenee, ihe isosteric modifications realized reinfloreed
the hypothesis ol the imponance of ¥-quinotinic interaction
process with hemating, the melecular @rget of antimalarizl
action of 4-aminoguinoling drugs,

ANTIRACTHRIAL

o, 0

~

< w'ﬂ\)‘

Liwma and Borreiro

Zidovudine (AZT, 43). an important chemotherapeutic
resource available for the trealment of acquired human
immunedehcicncy syndrome, was discovered lrom the
propertics identified in nuelensides isolated from seaweed.
The structural analysis of AZT (434, o powerful inhibiter of
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Fig. (1) Fxamples ol \ng bisisasierism between drugs belonging
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Iranscriplase reverse enzyme, enables us to ascertain the
existence of a classic bioisosteric relationship of monovalent
groups between the nucleoside thymine (34) (endogenous
subsiraie for the synthesis of DNA and RNA} and AZT,
exemplificd by the presence of the hydroxyl (OHY unit in 44
and azido (N3) group preseat in 43 (Scheme 11V 23],
Furthermore, although classic nanavalenl isosteres, the OH
and Ny groups possess dramalic clectronic difterences. casily
demonsirated by simple funciional analysis.

Although applicability of the sirategy of molecular
modification of a given lead cowpound through
hinisosierism is well consolidated in the pharmaceutical
ineisiry, recent studies by Tacke and coworkers (Scheme 12y
<howvs (hat this approach may be used efficiently to aptimize
the vraannleptic propertics of compounds used in fragrances
of mdustrial interest (241, In this study. the application of
ctassic bicisnsterism ol werrasubsiituied atoms, illustrated by
exchange of the catbon atom (C) present in the structure of
majanol (453 by silicon atoms (Si} and germaniuam (Ged in
46 and 47, respectively, allows the idemification of npew
stundards ol frageinces of synthetic origin. Although this
isnsteric exchange is rare in drugs. the modification of
maolecular volume by the substitvnion € x Si x Ge.
peaducing  bioisosteres 45, 46 and 47, resulls in
cunformational and electronic similaritics evidenced by
dilfraction and X-ray studics and the determination of
clectrostatic potential through the Program GAUSSIAN 98,

Mure recently Showell and Mills reporied that one ol the
advuntages of classic hioisosterism  application of
tetrnsubstitmed aoms invalving the replacemeny of the
carbon aton (L) by the silicon (8i) alom in the structure of
existing drugs, based on the possibility of designing new
drug-like candidates that have beneficial bivlogical propertics
and @ clear intellectual property posilion [25]. In fact,
aceording 1o Steele, in 2001, less than 1% of patent
applications related to compounds contining phosphorous.
silicon or other less common elements of the periodic 1able
[26]. However, although this may seem attractive, the
differences in ato:nic size, eleetronegativity and lipophilicity
between ' and Si aloms, associmted with the insability of
Si-H bonds. in physiological conditions prove the
applicability of isosterie exchange € x 81 in the structure ol
new drugs 1o be quile limited (25].

Current Medicinal Chepisiry, 2005, Vol 12, Noo 1 31
5.2, Ring Bioisosteres

Ring bivisosterism, is undoubredly the most lrequent
retationship in drugs of different therapeutic classes [8], as
can be seen in (Fip. 2). and conzin specific examples will be
commented upon.

[n 1973, Campaignc and coworkers synthesized
comnpound 48 [27} as being a derivative struciurally related
1 serotnin 49, an suiacoid with the function of mediator in
different physiological phenomena (Scheme 13). These
authors based their findings on the probable classic
bigisosteric relationship existing berween the benzisoxazole
and indale rings present in 48 and 49, respectively. The
resulls of these pharmncological nssays showed Ihat
compound 4R presented no type of seretoninomimetic
activity, not even anli-serolonin, when tested on rat uterus
preparalions. [n condrast, derivative 50, presenting Lthe same
henzisoxnzole nucleus in replacing the indale ring of S,
showed activity when tesied with subsirate for serotonin
decarboxilase enzyme, dependent an 3-hydroxytryplophane
31 (Seheme 137, an indolic compound which is the natural
subsiratc of the enzyme involved in serolenin biosynthesis.
This example highlights the bioisosieric refationship
existing berween the benzisexazole rings and the indole
nucleus in 30 and 51, respectively, depending on Ihe
receptor site involved.

NIt
N2

HO,

R

3 -
N NH

49, R=H
51, R=00;H

4B, R=H
s, R=CO,1

Scheme 130

Applying classic binisosterisin in the design of new
serotonin reeeptor {(5-HTiYantagenists Fludzinski and
coworkers (Scheme 14) described the obiention of new
indazolyl compounds 62 and 63 with impurtant antagonistic
propertics of receplar 5-HT1 [28]. These two substances were
develaped as bivisosteres of 64, u compound which
possesses as main struclural characieristic the hybrid

(2, X=aNH
43, X=0)

Scheme 14,
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Scheme 15,

characler between serolonin (49). represented by the indole
ring substituted in C-3. and coeaine (65), represented by the
natsre of the substituent in €C-3, a known aniagonisi of
reeeptots 5-HT3 [29]. The bicisosterie relationship of these
two nucled was proven, In this case, by the results obtained
in bioassavs which showed for 62 a rate of selectivily by the
receprars S« Ty superior 1o that of 64, when administered
intravenonsly as wel as orally, showing that the indazole
and indole mwieties. when substiloted equivalently.
passessing the same clectronic properties and the same
stundard of aromaticity. may be considered bioequivelent at
the level of imeractions with 1he same receplor, However,
compound 62 showed a profile of aetivity superior to 63,
administered puo.. inclicating that the amidic bond present in
chain 62 is responsible for @ more favorable oral
hinavailability .

The application ot ring binisosterism  was also
suceessfully explored by Binder and cowarkers {Scheme 15)
[33] in developing new non-steroid anti-inflammatory agents
of the oxican group {31]. This class of NSAID was
discovered by Lombardino and collaborators |32). a1 Pfizer
Laboratorics in Lngland. piroxican 66 being the main
representlative of this ¢lass of 1, 1-dioxibenzene-1,2-1hiazing
(BTA) 2ynihetics.

Appiying the sinuegy of ring bioisosierism, Binder
preposed enoxican &7, the newest member of the class of
arylihinzine- 1. t-dioxides, where the benzothiazinie nuclews

Lima pnd Barreire

Y
67
CHa
o
-
N/
09

of 66 was replaced by the thienothiazinic moiety (Scheme
I5) {30]. This cxample represents the bioisosteric
relationship existing between nromatic heterocyclic rings and
the phenyl group. The profile of pharmacotherapeutic
activity of &7 proved to be comparable 1o that of b6, bring
able 1o be administered in single daily doses of 20 mg.
bevause 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. al the same receplor
level, f.e. cyclooxygenase, an enryme involved in
arachidonic acid metabolism, [t is noteworthy 1hat other ring
bioisesteres al the structural subunit level represented by he
BTA nucleus may possess the same phrzmacotherapeslic
profilc as 66 and 67 {¢/.G8) [33], being differentiated from
other bioisosteres developed by structural alterations in the
heteroaromatic ring, preset in the carboxamide unit. whose
represeniative s isoxican 69, which possesses §-
methylisoxazole ring as equivalent of the pyridine ring
present in campounds 66 and 67 {Scheme 15). This
derivative was recently taken off the market due io the
dermatologic reactions it provoked,

The similarity between the physicochemical properties of
the benzene {PE = B0 °C) and thiophene (PE= 84 °C) rings
is well fundamented and was used 1o create the concept of
ring bioisesterism or ring equivalems. However. the
exchange of the phenyl ring by the thiophene ring in ihe
struetare of bicyclic derivatives, should be carricd oul

e he,
‘“\\ o e, N- I
; ! N—[H,
S
g8 - (D
Bl T [ NH
kL ™ Ihe,

Scheme 16,
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Scheme 17,

consilering the possible regioisomeres involved in this
replacement. Studies by Blair and coworkers have illustraled
very well this type ol replacement, in which the phenyl ring
of the indolic nucleus, present in the siructure of lead
compound, N, N-dimethyltryptaming (70} was replaced by
the thiophene ring, giving rise 1 the isomeric systems
thieno[3.2-A)pyrrole (T1). thieno[2.3-k|pyrrole (72).
thicnoj4.2-Flpyrrole (73} (Scheme 16} [34]. EHowever. the
results deseribed by these authors show thut with the

exception ul” the rthiena]4.3-Alpyrrole sysiem (73), of

unsiable ad dilficult preparation, the other heteroeyelic
tsomeric svslems are authearic bioisosteres of the indole
ring, preseating aflinity and selectivity by the serotonin
receplars similar to lead compound 70,

Concerning the nun-steroid anti-inflummaiery drugs
(NSAIDS), Almansa and coworkers (Scheme §7) [35)
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>
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e
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Sclwme 18,
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described the existing bioisosteric relationship between the
pyrazolo and pyrazotol 1 S-a|pyrimidine rings present in
compounds 30 and 74, respectively. The exchange of the
pyrazolic ring. present in celecoxib (30). by the
pyrazelo[1.5-g]pyrimidine system in 74, resulied in an
optimizaticn of she pharmacodynamic properlics of 30,
although it compromised iss oral bioavailability .

The wvse of ring bioisosierism may serve for designing
congeneric series of lead compound candidates Toe new
drugs. in view of the detailed study of the distingt
hydrophohic contributions resulting, from rings equivalents,
This strategy has revealed itself as a fundamentad tool in
desipning new me-soe drugs, i.e. therapeslic copy (wide
Figure 2). In a recent siudy. Barreire and coworkers
described the application of rfing hipisosierism for designing
functionalized N-acylhydrazonc (NAH) derivatives (Scheme

o R
o
h NH,
| N
R
5

322



M Currem Medicingd Chemisery, 2005, Vot 42, Xo, )

18Y {3a]. in an effort w correlate the alierations found in the
prodile of anti-platclet, analgesic and ant-inflammatory
activities. of cuch new hetero-aramalic sysiem siudied. with
it respective cleetronic characieristics,

More recently, Barreiro and coworkers {Scheme 19)
described the anainment of new selective aceryicholinesternse
(ALChLEY inhibitors designed by modifications in the structure
af the lead compound tacring (76) [37]. These madifications
allow for adentification of a new bioisosteric relationship
existing hetween the guinodine nuclei in 76 and pyrazolo-
pyridine in 77, which have shown a similar inhibitory
capacity or rat brain cholinesterases.

N Kty
N
P A P
N N N
i 77

Cen = 0, LAk 1Cay = 601 pM

Scleme 19,

In ihe field of antidepressives. bioisosteric ring
replacement ol a detennined tead compound alse peomits the
iseovery of acw agents of therapeutic inlerest, fn 1953,
Waithey and coworkers developed, - Cibu-Geigy
Laboratorics. compound 7% as a bioisosier of mianserine 78
{Scheme 200 [18]. As principal structural characieristic, this
substance possesses the thiophenic ring integrmed to the
cyelic unil uf this represemative of atypical antidepressive
agents, which act as serotonin receptors (5-HT) antagonists
[39]. Once again, this example illustrates the equivalency of
the henzene and thiophene rings, in distinet pharmacolegical
activities, allowing for o generalization on the bioisosieric
relationship hetween heterocyclic nuclei of five atoms and
benzeny ring (40].
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Scheme 21,
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The recognition of the importance of bradykinin in the
processes ol pain. inflammation. rthinitis and bypertension,
has shown the relevance of bradykinin receptors as a new
targel for therapeutic inlervention. Although many
bradykinin receptors antagonists have heen described in the
literature. its peplidic characteristics have limiled its
therapewtic applications, Seeking non-peplidie bradykinin
receplors antngonists, Abe and coworkers described the
attainment of 2-methylimidazo[1,2-alpyridine derivatives,
highlighting the derivative FR167344 as lead compound
(80) (Scheme 21) {41]. Later, ihese authors proposed the
bioisosteric exchange of 2-incthylimidazo[).2-¢]pyridinc
ring., present in compound 80, by the 2-methylgquinoline
subunit, identifying the new derivative FRI75657 (81), as a
potent bradykinin receplors antagonists ol non-peptidic
structure,

6 — NON-CLASSIC BIOISOSTERISM
6.1, Cvelie ve Non-Cyclic

In the catcgory of diuretic substances of the
phenoxyacetic class, in which etacrinic acid K2 is the main
representative, we have found innumerous examples of the
use of non-classic bioisesierism in the discovery ol new
drugs. To develop new divretic substances, with uric activity
supenor 1o #2. Hoffman and coworkers applied non-classic
biaisosterism represented by ring-closing. or anclation, as 4
strategy lo choose definitions of new lead compounds for
diuretic drugs [42]). These authars working at Merck, Sharp
and Dohme Laboratories, proposcd compound 84 as a
binisestere of 83 (Scheme 22). The structure of B4 was
detined based on the anclation of the phenoxyacetic chain {a)
of 83, which, in turn, arose by the replacement of the
ethylenone Tunction present in 82 by the thiophene nucleus
of 83, including all four carbon atoms of the replacement of
82, there being # ¢lear correspondence between ihe carhons
with sp? hybridization in 82 and &4, This iype of anelation
in the elhylenone chain of 82 had been proposed previously
by Thuiilicz {43-44], who described the synihesis of 83 as
being an acid equivalent to ctacrinic acid (R2) in terms of its
diuretic properties. while with supertor uric properiics. In
facl, this last compaund represents ane of the Tirsl examples
of binisosieres of 82, obinined by application of non-classic
bioisosteric strutegies. Compound 84, proposed and
synthesized by Hoffman. presented a profite comparable o

)
a 1 .CH,
a NI
Jk/.v W cit,
N
CHa 0

L]
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Scheme 22.

H3, 018 vric polential being even preater, Fusthermore, the
mtroduction of the thiophene ring in ®3 10 replace the
cthvlenone subunit of 82_ climinates Michael's aceeptor site
present in the struclure of elacrinic acid (82). vesponsible for
lhe hepatotoxie ctfects of this drug.

Sl on the subject of diurctivs related w elaerinic acid
(82). Shutske and coworkers later developed the synthesis of
new aryl-benzisoxazelyloxyacenic acids (e.g., 85) [45], based
on the probable bioisosteric relationship existing between
the aryl-benzisoxasole unit and the 2-acyl-thiophenyt moicty
present in agid 83 [46] (Scheme 223, This illuslrative
exumple is sufticient 10 show the potential of the strategy of
non-clussic  bioisosterism  for desigaing melecular
madilications in substances of pharmacological interest.

Shulske and coworkers successfully cxplored the
possibility of integrating the thiophenacyl group of 83 inta
one aryl-henvisoxarele nucleus. respecting the basic
pharmacophore of this class of agenis. so as o assure, at
feast theoretically. an action through a similar mechanism,
i.e. through molecutar recognition by the same site receplor,
In 1his example, the suthoars introduced o facror of
confurmalional resiriction in %5, Iypical of non-classic
hivisosierism of the ofesing ring type. Lafer. the same
authars [47] used classic bioisosteric riag to sdesign
structurally new heterocyelic diuretic compounds from 85,
passessing, now. the indazole ring in 87 and benzisothiazole
in 80 {Scheme 23).

Innumcrous other cxamples can illustraze the validity of
the nze of this strategy in discovering new bioactive agents
which are moze therupeutically attraciive, A classic example

e, M

ELR]

Scheme 24,
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is represented by the discovery of the estrogenic properties of
trans-dicthylstilbesteol 88 {48], illustrating the application
of non-¢classic ring opening bioisosterism, This example
shows thut the moleenlar design of 89 could be carried oul
from the opening of rings B and C ol the sterotdal skefeton
of estraciol B¥ {Scheme 24). However. in analogy (o what
was nhserved for estradiol (8%). the activity of 89 is
dependent on the configurational aspects, such thal, the
diasterenisomer £ presents an estrogen profile signilicantly
superior to the diastereotsomer Z, with reduced estrogen
aclivity also being observed for she dilydrogenated
compound 90 {Scheme 24).

#5, X = ()
B X =5
KT X = NIl

Scheme 23,

Another example of the application of nan-classic
bicisosterism can be illusiraied by the discovery in 1957 of
lidocaine 92 trom mepivacnine 91 (Scheme 25), contributing
1o the design of the important anesthetic agent with
predominant antiarrhythmic propertics, identified o
posteriori,

Exploring the bBioisosleric relationship between the
benzoyl and benzisoxaxele groups, Sirupczewski and
cowarkers of Hocchst-Roussell Laberatorics [49]. developed
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a new serick of neuwroleptic compounds of series 4-
benzovipiperidine. in which 93 (11P-291) is onc ol the main
representabives. This substance 6 structurally related 1o
halaperidal 94, the main  representative ol the
butirophenones, a class of neuroleptics discovered by
Janssen [20). in which, conceptually, the C-2. C.3 and C-4
carhon atoms of the butizaphenone chain of 94 are containe!
in the piperidine maicty ol 93, thus representing. a non-
classic bioisosiere of 94 (Scheme 26). These authors further
developed compound 95, in which a henzisoxazole nucleus
bitsosterically replaces the 4-benzoyl moicty. represented
by (he 4-fluorobenzoyl unit in 93,

CH,
o,
ol —~
CH, 1l NTen,
1
~
o
" Clh g2

Sehenee 25,

In the elass of non-sieroid ami-inflammalory drugs
(NSATDS other examples were Tound of the wse of 1he
strategy of cyelic non-clussical bioisosterism, In 1987,
Muchowsky and coworkers [317], developed the systhesis of
# new NSAID called ectroplae (100}, designed from the
cyclic non-classical bioisosterism strategy, exploring the
ring closing between the acetie acid unit and the N.CH,
maicty of lead compound 1olmetin (99} (Scheme 27) [52), a
well known NSAITY ol the hetervarylacetic acid class [53].
Tolmetin (%), in torn. was developed by maoleculur
madification of the indomethacin structure 96, an imporians
representative of the 3-indelylacetic acid class with anri-
inflammaiory propentics developed by Shen and cowarkers a1
Merck. Sharp and Dolhine Laboralories in 1962 [34],
applying the inverse principle, ie. noneyclic nonclassical
higisosteric replacement.

O J

!
Haf, N

9

- aa
-

94

HO

Scheme 26,

Yo elmetin (99) the indole subunit of indomethacin was
replaced by the pyrrole ring carrying the benzoyl unitin C-2,
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as the biocguivilent of the pora-chlorobenzoy) subunil of
96. This same approzch was laken by Carfson developing
zomepicac (97) {Scheme 271 (53], another NSAD apent of the
pyrrole-2-acelic acid class. This compeund is an anslog of
99, presenting as the only structeral difference the presence
of the methyl group in C-3, and may, therefore, be
considered o homolog af 94,

ol R Ol

1RCCG

R=H,97
R=(Hy. W

- e m
fon N

OH

~

HyC

Cl
Scheme 27.

In 1923, Carlson and Wong demonstrated  thal
hemalogation af the acetic chain of 97 leads to a new anti-
inflammatory derivative, a@-methylbenzene acetic acid 98
(Scheme 28). betonging to the propionic acid serics, a class
lauded by Shen [55]. in the light of siudies on the
relationship between the chemical structere of aryl and
heteroarvlacetic derivatives, as presenting a profile of anti-
inflammatory propertivs preater then those of the acetic
serics. Substance 98, in fuct, was seen 1o possess anli-
inflammatory propertics greater than 99 and was even able to
reduce adverse cffects on lhe pastrointestinal trace,
correhorating the previons obscrvations made by Shen.

Considering this data, we may observe thal compound
100, belonging to the S-acyl- . 2-dibydro-3/{-pyrrol-(1,2-0)-
pyrrolyl carboxylic neid Tamily, represents. at the same time.
a bioisosiere of 99 and 97 (Scheme 273, by anefation of the
main pharmacophore unil of shis family and is o new lead
compound ol the NSAIDs.

In 1995, Cabral and Barrcirg {Scheme 28) applicd non-
classic ring bioisasterism as a strategy for molecular
madificalion [36). lo oblain analogs conformationnlly
restricted io ciodolac {104). an important drag with anti-
inflammatory, analgesic and antipyretic praperties. In this
study it was possible to ahserve the optimization of the
analyesic propertics of the spiro-isochromanyl acid
derivative (103) when compared to lead compeunds (101)
and {F02).
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Scheme I8,

A supplementary example of bicisosierism. may be
found in the work by Arnett and cownrkers [57]. These
authors developed the synthesis ol compound 103, exploring
the bisisoxieric  relationship existing  between the
benzimidazole rings and catechel subunit (Scheme 29,
based on isoproterenat 104, a compound with B-adrenergic
aclivity. Compound 105 proved 10 be i bioisostere of 104,
presenling a pharmacolegical profile comparabie Lo this Tevel
uf B-adrenoeeplors. In this case it is imponant to poinl out
thit the tawnomerizm of the benzimidaxzole ring present in
103, mimics, with a single proton, the catecholic group
present in 104,

ol fll
L0, N Gl
1
= Clh
[
1
H

(LX)

Schense 29,

In a similar context, Barreiro and coworkers described the
non-classic bivisosteric relntionship between the indanone
ring. present in the stoucture of the protoiype Musolide (106)
and beasadiexele unit present tin compound 107 (Scheme
30) [$8.8R]. The rezults obtained from this study allow us to
identify a new mateculur standard of prostaglandin H-

¥
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N7 o,

106

Sehenie 30,
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synthase-2 (PGHS-2) inhibitors, 25 well as 1o demonstrate
the etectronic similarities existing between the indanone and
benzodioxule rings, suggesting similar profiles of
supramolecular interaction with the enzyme involved in the
pharmacelogical response of the flusolide and the derivative
LASSBio 341 (107}, possessing the benzodioxele mniety
from safrole, an abundant natural alilbenzene present in
FPiper spp and Ocotea spp.

LeMunomide (1081, an isoxazole immunosuppressar drug
that can prevent antibedy-mediates eejection in heart
xenatransplantation, is a pro-drag metabolized fn vive in its
aclive metabalite hydroxycyanopropenamide (109}, In this
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way, knowledge of the physical. chemical, conformational
and configurational characteristics of this metabolite are
esseptind to lead to the design of new immunnsuppressive
drugs. acting through mechanisms of netivn common 10
leflunomide {108). Among 1the conformational and
contigurational possibilities, relative o the ecf-unsaturated
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Scheme 30,

carbany| syswem. referring to the double bond geometry,
possible tor the funcrionalized hybroxyevanoprapenamide
(109), the S-civ conlormer (F0983) and Z-configuralion
derivative (10981} were found in X-ray crystallography
studies {Scheme 311 The presence of Lhis single
diasterenizomer might be due to the siabitilization rom the
formation of intramelecular hydrogen bonds involving
hydrogen in the cnolic system with the oxigen of amide
function [89). In an efTorl to corroborate with ihis
cxperimenial evidence, and 1o corelaie it with the eventual
bioactive conformation of hydraxyeyanopropenamide (109),
Papagcorgivu and coworkers proposcd moditications in the
structore of mewbolite Q9B and 1098, applying non-
classic stralegies of ring closing bioisosierism (Scheme 32).
In this study it was possible o design two novel pyrazoles
analogs (110 and 111 conformationalty restricted which
mimic  the diastereoisomeres £ and Z of
hydraxyevunopropenamide { 109), The pharmuacological
results obinined witl compounds 110 and 111 demonstrared
That ondy derivative 110, whose stiructire was equivalent (o
diastercaisomer Z of 109 was active in the bioassays
reatized. Furthermore, X-rav swdies carried out with the

H(}

Scheme 32
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pyrazule derividive 110 demonstrated (he exisience of a
single tagtomer relative lo the pyrazole ring, evidencing the
similarity of the spatial amangement between compounds
109 (B1) and 114 In summary, this swdy allowed for
identification of a new bioisosteric relationship bewwceen the
pyrazole ring and the hydroxyeyanopropenamide subunit, as
well as validating the clucidation of the bisactive
conformation of the active metabolie of l¢Nunomide {E08),

It is imporiant 10 point out that the grealest
conformational restriction ever reached by way of a sncluion
process may annul the possibility that the newly derived
malecule adept the bioactive conformation necessary for its
molecular recognilion by a determincd bicreceptor. resulting
in the loss of activity when compared o (he acyclic lead
compound. This concept may be well illustrated hy the
works of Macchia and cowarkers who described the
atainmen of piperidinoel (DDPY, 113} from noradrenaline
(112) {Scheme 3N, applying the stratcgy of anclation or ring
closing [60]. In this study, the aulthors observed an
expressive loss of alfinity by the oy and ¢z-adrenoceprors
observed for the DIP3 derivative (113). aributed 1o the
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process of anelation of 2-hydroxyethyknnine subunit,
common 1o noradrenaline {112},
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Scheme 33.

The mateeular design of narasriptan (115) from the lead
compound sumatriptan (114} (Scheme 34). the first agonist
of serotonin reeepters of subtype SHT g1y commercialized
for the wreaiment of migriine. illustrates how an increase in
molceular volume from a ring process may be explared as a
subterfupe of metsholic protection, 1w obtain new lead
compounds with inore appropriate halflives [61]. In fued the
inroductinn of the hexohvdropyridine ring in 1he narairiptan
sirueture {1153 reselied in protection, by steric blocking., of
carbon o-wming from oxidative actions of hepatic
metabolism, which act as an analog of monoamino oxidases
(like MAON, producing the carrespondent indolyl-acetic acid
derivative,
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Scheme 34,

6.2. Non-Classic Bicisostevism of Functional Groups

The landmark of the recognition of the imporance of the
bioisnsterism of funcrional groups is the discovery of the
antibacterial properties of sullanitamide (117), Sulfanilamide
t117). an actiive metubolite of Pronmasil®  [62],
revolutionized chemotherapy during the 30s and the later
clucidation of i1s mechanism of molecular action allowed
cevidence of the similurity of s stucture with para-
aminobenzoic acid (PABA, 116). These similaritics, based
on electronic and conformational aspects, as well as the
physicochemicat properties such as pKa and log P. denote an
authentic bioisosteric refationship existing belween the
sulfonamide (SO;NHz3 and carboxylic acid functionalitics
(€203H) [63] (Scheme 3%).

Diverse funclional groups are known for their binisosteric
reluionships with the carboxytate group, Some examples of
the bioisosteric replacement of ~COOH by a tetrazele group
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are known [64]. An illusirative example is described in the
synthesis of |18, o tetrazole bioisostere of y-aminobutyric
acid (GABA, 1)), which presents important sclective
inhibilory properties of GABA-transaminnse (GABA-T)
(Scheme 36) [65] presenting a potential pharmacotherapeutic
application as an anticonvuisam agent.

(i1
OY()II ()_..__:\\q,h'll_-
I

NH: NH:
118 nur
Scheme 38,

The tetrazole group mimics the carboxylate growp,
principally in terms of its physicochemical propertics related
to acidity. although the former be nore siable and
lipophilic. These dilferences allows this bioisostere 1o
present p greater possibility of overcoming the btood-brain-
barrier. with 1he type ol tropism favorable (o the desired
activily.

n N= N
JL £ Y » ¥ v
o™ o No A N
n b NH at '
GABA, 13 "3

Scheme 3.

Anather more recent example of the bioisosteric
relutionship existing hetween Ictrazale and earboxylic acid
greups may be seen by comparing the structures of losartin
(1200, angiotensin receplors antagonist approved in 1995 1o
treat hypertension with the kead compound EXP 7711 (119}
(Scheme 37) [66].
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Scheme 37,

Derivatives possessing a hydroxamic-acid instead of a
carboxylic acid function have been developed as carboxylare
bioisosieres. Among other examples, compounds with anti-
allergic propertics presenting this funclion have been
synthesized [67-6R]. While in certain cases the metabolic
lability of -CONHOH function, has been demonstrated,
which would merely characierize a pra-drug effect |69].
hydroxamic derivative 121 (Scheme 3B). designed by

328



an Current Medicinal Chemisery, 2008, Vol 12, Na. }

madilications in indemethncin (96). has proved 1o be
metibolicatly stable, evidencing the non-clussic bioisosteric
relationship existing between these two groups (C05H x
CONHOHO.

T
OH
N N
Hy & 0 ’&
Ny oy O 9
N
N X Clly
N
a
Cl "
i 121
Scheme 38,

The discovery of oxatolrestat 123 [0, desianed as a
classic bioisostere of tolrestn 122 (Scheme 39} 4 povent
aldose reductase inhibitoe (Y1) iBusteates the nen-classic
binizosteric relationship berween the functional groups
thinwmide (CS-NH-) and amide (CO-NH-).
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Scheme 39,

Tolrestat 122, currently undergoing clinical assays for its
use Lo Ireat complications arising from diabetes, may also
illustrate the classic biojsosteric relationship between the
monovalent groops -OMe (122) and -SMe (123). Significant
diflerences as (o the melabolism of these molecules may be
expected. however, in view of the possibility that sulfur
underpoes specific inctabolie oxidation,

Other common cxamples of amide funciion bivisostercs
include the “retro-amide™ groups. f.e.; A-CONH-B =3 A-
NHCO-8 and alkylvdene (-CH=C115) [4.72].

Wrobel and coworkers used the principle of non-glassic
bivisostertsm ol funetional groups to propose the synthesis

N,

Scheane 41
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of ananloy 124, from modifications in the lead compound
axalolrestat 123 (Scheme 40 [70). identifying the
bioisosteric refationship between the thioamide and
cyanaamiding functions,

This samc 1ype of bicisosteric relationship between the
thiocarbonyl (-C=S) and cyaneimine (-C=N-CN) groups was
reporled during the development of cimetidine by Ganellin
and coworkers [71].

(A ]]
o

f
NN
Ne 'Y e
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Scheme 40

The same Iype of binisosierism was further vsed by
Yamanuda and coworkers to develop pyridazinone
derivatives 125 and 126 (Scheme 41). which present o
similir spectrum of antiuleerintive activity, while also
presenting a classic hioisosieric relationghip between the
substiteents ol the alkyl chain represented by the
replacement of -CH»- with-NH- group {73].

In the quest for new selective agonists ef potassium
channels Butera and coworkers carried out modifications in
the structere of anti-hypertensive lead compound pinacidil
(127) {Scheme 42) [74]. These authoss described the
replacement of the M-cyanoguanidine template, present in
pinncidil {127}, with a |.2-diaminceyclobutene-3,4-dione
moicty atforded o novel serics of potent bladder-selective
agonists of the Kapp channel 128 and 129, ns n novel drug
candidate to wreat urge urinary incontinence,

Aunother imporiant example of non-classic biososierism
of functional graups may be exemplified by the isosieric
rebulionship existing between the subonylhydrazone and
acylhydrazone functions. identified in studies by Lima and
coworkers {Schome 43) [75]. In this work, the authers
demonsirated that the acylhydrazone function (CONHN=CH)
may be efficiently replaced by the sulfonylhydrazene
fumgtion (SOANHIN=CH) 10 design new anli-inflammatory
and amalgesic candidates, despite the subtle differences
between the pKa of these groups,

During rescarch to oblain new diurctics. analogs of
torasemide (132}, Wounters and coworkers demonstrated the
bioisosteric relationship existing between the sulfonylurcia

MNH ‘<’
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Scheme 41,

[132). sulfonylthioureia (1333, sulfonylevanoguanidine (134}
und sulfonyiaminonitrocthylene (135) tunctionalitics
1Scheme 443 [76]. These authors demnonstrated that while
these yroups present similar electronic and geometrie
properties, determined by X-ray erysiolfography and similar
acidity (pKa 6.0 1o 6.7). compounds 132, 133, 134 and 135
vach possess a distinel lipaphilicity, expressed in logl
values (Scheme dd). The phamaeologicnl resulis obtained
for campounds 132, 133, 134 and 135 40 vive show thm
their diuretic potency is inversely proportional to their
lipophilicity. a fact which may be cxplained considering that
the diurctic activity of these molecules is the result of
inhibitien of the Na* K* 2CI- cowransporter located on the
huminal membrane of the thick ascending limb of the loop
of Henie, and thar the glomerular filiration progess is
generally enbanced for bydrophylic compounds, while
tubular reabsorption is increased for lipophilic compounds.

The importance ol jonosropic receptors of glutamue
(iGlu). the principal excitatory neurotrnsmistor in rapid
synaplic signal pathwavs. as well as in processes of learning
and memaory are well characierized and the deficits within the
plutamatergic signaling pathways in Alzheimer’s paticnts
may. in part. exphain the loss of cognitive function of this
disease. However. the use of gluiamate 1o treal Alzheimer's
disease is limiwed because of its inedequate pharmokinetic
propertics in the biophase, Thus heing, diverse research
groups have sought in design new anzlogs of glutamate
{Glu) with a hat-life and lipophilicity superior 10 Glu.
Revently, Stenshol and coworkers proposed replacement of

Scheme 43,
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the carboxylic ncid group. present in Gtu (15) with 3.
hydroxy-1,2,5-thiadiazole (136}, 1-hydroxy-1.2.3-trinzolc
(137} |-hydroxyimidazole (138) and 1-hydroxypyrazale
1139) groups {(Scheme 45), observing that with the exception
of the imidazole derivative {138), #11 the other compounds
presemied similar offinity for AMPA recepors, without,
however, showing significant affinity for the ather glulamate
notropic receplors, f.e. NMDA and kainale receptors |77).
The abscnee of aclivity of the derivative containing the 1-
hydroxyimidazole ring 138 may be explained by the basicily
ol this compound, Actually, the experimental determination
of pKa value of the M-hydroxy group of 138 wis found to be
at Jeast three pKe units higher than those found for the 3-
hydraxy-1.2.5-thindiazole, |-hydroxy-1.2.3-triazole and |-
hydroxypyrazole subunits,

In doveloping of new drug candidaigs (o treat
cerebrovascular ischemia designed as (R, 5)-2-amino-3-(3-
hydroxy-5-methyl-4-isoxazoly}-propionic acid (AMPA)
receptors antagonists, Jimonet and coworkers duscribed the
attainment of imidazo[1.2-alindeno-[1.2-e)pyrazin- 2-
substituted derivatives (Schemce 46) |78]. These authors
proposed the exchange of the carboxylic acid function in C-2
{140} by the phosphonic acid (141), tetrazole {142} and A-
methylsultonylearboxanmide groups (1431 (Scheme 46). The
results oblained show that all of the isosleres studicd present
aftinity for the AMPA receptors, in varying degrees.
However, the selectivity measured by way of AMPA and
NMDA receptors is significanily affected by the
replacements realized. such that the 1etrazale denvative (142)

QP
’ J—d
DL N

H
CH,
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Scheme 4.

proves 1o be approximately 10 times more selective than the
corresponding carboxylic acid derivative (1407,

In 200 Habeeb and coworkers described the design and
synthesis of new analogs for celecoxib and rofecoxib, non-
steroid anti-inflammatory dregs of second generation,
reparting for the €irst time the bioisosteric relationship
existing between methylsulfonamide. methylsulfone and
azido functional groups (Scheme 473 {74]. Actually. many
avthors have reporied obtuining new PGHS-2 inhibilors,
using both clngsic as well as non-classic bivisosieric
strategios. The bioisosterism of methylsulfonamide
(CHa8GNH-) sullonylamine [-S0.NHCH ) and
methyisultuae (CH3SL-) Tunctions, Tor example, is well
charatierized within the class ol selective PGHS-2
inhibitors, ns ure its contributions to other phurmacadynamic

0 OH

and pharmacokinciic factars [58]. The results obsained from
the studies by Habeeb and coworkers revealed that the azido
group (-N3) is capable of realizing clectrostatic interactions
(ion-ion) with amino ncid residues from the active site of
PGHS, (zhe example of Argsyz residue). being. however, an
authentic  bioisostere of methylsulfoenamide and
methylsulfone funciions, presenting comparable molecutar
volume and elecirosiatic polential,

Quinuclidine {148), designed by modifications in the
nalural alkaloid structure arccoling (147} is an important
non-selective muscarinies (M1 and M2} receplors agonist
with marginal actions on nicotinic ganplionar receplors.
Huowever, the low selectivity ussocinted with low therapeutic
index und inadequate hicavailability, have annuiled its yse
for treating Alzheimer’s disease. In an effort to optimize ihe

Scheme 35,
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pharmacotherapeutics profile of quinuclidine (148), Orlek
and coworkers proposed the exchange of the methyl esier
group. present in 148 with the 3-methyl-1,2.4-0xadiazole
group in the structure of compound 149 (Schene 48) [80],
being uble lo tdenlify electrosiatic similarities between the
methyb-oxadiazole and methyl ester groups. s well as in the
profile of muscartnic agonist acrivity of these derivatives.
However. the metabolic siability of methyl-oxadiazale
binssusiere (1491 was grenter than 1o that found for the
quinucliding lead compound (148). conferring o compound
149 u beuer oral bicavailubilily.
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Another successful example of a bioisosteric replacement
of an ester functionality with an oxadiazole moicty, for
improving the metabolic stability, can be illustrated in the
developmeis of cyclin-dependent kinase 2 {CDE2) inhibitors
as anlicancer agents. Despite the potent COK?2 inhibitory
activity found for compound Z-amino S-thio-substituted
thinszols (150). it facks cellular activity in cell proliferation
assays due 1o hydrolysis of the cihyl ester to the
corresponding carboxylic acid, that is completely devoid of
CDK2 inhibitory activity. In a attempts 10 increasce the
cellular siahility of 150, Kim and coworkers realized he

145
IC_q,-IS9. 72 pM{PGHS-Y)
16.,=0.196 pM (PGHS-2)
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replacement of the cthyl ester with a bioisostere oxazole
maiety fed o compound 51 (Scheme 49), which is
mctabolically stable against cswernses. maintaing the
seleetivity and shows inereased CDK2 inhibitory putency as
well ax potent antiproliferative activity in cancer ¢ell lines

(7).

Scheme 49,

Nonctheless. bioisosteric replacement of the ester with
oaazole and other heteroaromatics may not be universally
vifective, as demonstraled by Dhanak and coworkers in the
design and symihesis of a series of highly sclective and
potent phenylalanine derived CCR2 antagonists as anii-
inflammutary agents (Scheme 50). While compound 152
was highly effective in blocking both the binding and the

Tro\ e

Scheme S0,

functiomat activity of a number of CCRI agonises,
campound 153 lacks all CCR affinity which suggests a
morg subtle role for the ester moiety that (he heteroeveles
were unable to mimie 7],

To identify non-aromatic bicisosteres, aliernatives of
carboxylic esters, Bromidpe and coworkers described the
synthesis and determination of the affinity of ketoxime
ethers derivatives {154-156) for muscarinic receptors in ral
cercbral cortex (Scheme 51 [81]. In this study it was
possible 10 confinm the bicisosieric relationship existing
berween the imethyl esier (148) and (£)-ketoxime ethers (154)
Turctions, and the later use of wdditional classic higisosteric
exchinges of monovalent groups, led to the atrainment of
optinized compound 156 (Scheme 1), which present a pKa
value inferior 1o that found tor lead compound i 54, resulting
in a decrease in basicity, facilitating the passage through the
hicsexl-brain-barricr,

The application ol the stnegy of functional group
hiisnsierism in drug designing can be well iltustrated by
planning new and-convulsant agents structurally refated 1o
y-amincbutyric acid {GABA), an inhibhory neurotransmitier
of luw molecular weight, GABA's polar and hydrophilic
nature mukes i1s use impossibte for treating cpilepsy. in
view of i1s rapid inactivation and excessively low JogP, In

Expediente 10-66579 Articulo 45
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their search for GABA nminotransferage inhibitors. the
cnzyme responsible for GABA catabolism, Qiu and
coworkers proposed structural moedifications in the
enzymatic substrate, i.e. GABA based on the application of
non-¢lassic bioisosterism of functienal groups [82]. 1n this
study, 1he authors carried oud the exchange of the carboxylic

CH,
NQ——/
-y

5
(8] § \
H]C*TAN

L]

acid group (pRa = ca. 4,50) present in GABA with 2.4-

difluorophenal (pKa= 7.1) subunit present in compounds
157 and 158 (Scheme 82), obscrving that both compounds
were competitive inhibitors of GABA aminotransferase
having Ki values of 6.3 M and 11 uM, respectively. These
compoeunds, were tested as substrutes for GABA
aminotransferase by the radiochemicul procedure of

N0,

measuring the conversion of |'*Cla-ketoglularate 1o
["*Clelutamate. and both were poor substrate. These results
suggest that the 2,6-difluorophenol group may be an
uuthentic lipophilic bieisostere of carboxylic acids,

a O
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Hg

Scheme &1,
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Ol

Scheme 820

The anticoagulani activity reached by way of thrombine
inhibition has proved w be of landmark Lherapeutic
relevance, in vicw of the recent FIA approval of argatrobin
approved to trgat thromboembaolic disorders. [83], However,
the great challenge of this class of therapeutic drugs is in
oblaming lead compounds of adequate oral binavailability.
NAPAP (159). {Scheme 53) is « high affinity reversible
inhibitor of thrombine (Ki= 6 nM) and low oral
bioavailability. Many studies have suggested that the
imadequate phannacokinetie propentics of NAPAP (159) and
it strecturally relied derivitives is due 1o the elevated
basicity of the bengamidine funclion (160, pKa=12), To deal

NAPAP, 159

Scheme 33,

with these pharmacokinetic limilmiens. Rewinkel and
coworkers proposed the bhiolsosieric exchange of 1he
henzamidine group by the Tamnaisoquineline function
{Scheme §3) (R4 In ihis siudy the authors demonstrated
that The lower basicity of the |-aminoisaquinoline group
{pKa=7.5) conferred a greater absorption (o compound {160)
determined using el monolayers as a model for intestinal

Current Medicload Chemibsiry, 2005, Vol 12, Na, | 45
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absorption {Caco-2} [85]. Nonciheless, the inherent basicity
of this function {160, pKa= 7,5) is sufficient 10 guarranly
ionic inteructions with Aspge amino acid residuc, presenl at
the thrombine catalytic site and facilitaie membeane
permeability. Thus, replacement of fhe highly basic
benzamidine meicty in NAPAP {159) with -
aminoquinoline yielded new thrombin inhibitor and
confieming a new existing bieisosierie refationship between
these functions,

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

isosteres, such as pyrroles, oxazoles, and thiazoles were
investigaled by Einsiedel and cowaorkers {Scheme 549,
Replacement of the amide sultopride {161) by a pyrrale ring
led to compound 162 which maintained affinity for the
dopumine D3 receptor and introduccd modest scleclivily
over [he dopamine D2 receptor. Replucement of the
benzamide with oxazole subunit resulted in compound 163,
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Scheme 34.,
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which exhibis dopamine D3 and dopamine D4 binding
affinities comparable (o those of the wiypical nevroleplics
subltopride and clozapine. respeetively [7]

6.8, The Versatllity of Non-Classic Binisostersism

A speeiacular example of non-classic hioisosterism may
be iltusirated by the work of Macchia and coworkers,
invalving the binisosteric relationship between the henzene
ring (165) and the methyleneaminoxy melhyl moicty
(MADMM. 164 (Scheme 55) [86]. These authors, stedying
the syntliests of new non=steroid anti-inflammuatory agents ol
easy synihetic access, preparcd sabstunce 167 possessing the
MAOMM function as bicequivalent to the benzene ring
{Ph). The resulis observed in the anti-inflarnmatory activity
of 167 and derivatives, in comparison with standard
diclofenac {1663, an aryl-acetic acid ami-inflammarory drug.
prove this amazing bioisosieric relionship [6].
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164 7 s
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166 167

Seheme 58,

More recently. Balssimo and cowarkers described the
attginment of new selective inhibitors of PGHS-2 isolorm,
applying bigisosterism a8 a steategy of molecular
modification [87]. This study also illustrates the non-classic
hiaisosteric relazionship between aromatic rings and the
methylencaminesy methyl moiery (MAOMMY [Scheme 561,
Howewver, 1l must be considered that inroduging the oxime-
cther ((0-N=CH.) subunit in 169 introduces inexistent
molecotar characteristics in (he structure of fead compound
SO S7606H { 16X,

']
i

I
H
o 1F roa
3 ¥ 8~ (H, S- CH,

Seheme S6.

6.4. Retroisesicrism

Retraispsterism is based on the inversion of a determined
tunctional group present in the lead compeund strueture,
aroduging an isostere with 1he same lunction {Schome 57).
Thes strategy. jusi as the elther bioisosteric strategies
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commenlied on in this paper, aims 10 optimize the
phurmacotherapeutic propertics of the original lead
compound. thus aiding in optimizing the profile of
interaction with the bioreceptor in designing drugs with half-
lives more adequate for therapeutic use and may cven he
used in the attempi to avoid the formation of poentially
toxic melaholic intermediaies.

O

relrnismsten sm 0 R,

Stheme 57,

In a recent study, Lages and coworkers described the
exisling retroisosieric  relationship  beiween  the
methylsulfonylamine and methylsulfonamide funelions
{Schuerne S8#) present in the siructures of new selective CDX-
2 inhibilor lead compounds 170 and 171 [88]. This type ol
reirmsosteric relatianship confers metabolic suseeptibility
angd distinet pKa values between compounds 170 and 171,
while the greatest activity found for the methylsulfonamide
derivative 170 may be explained considering Lhe profile of
interaction of this group with the Argg z and Serysy amino
acid residucs present at the cutalytic site of COX-2. favored
in 170 when compared 10 the 171 retroisostese.

H
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\\g.f, H |muobsousssm LN &
DL T, [T Ts=0
: i
]
Q
-0 170 o "

Scheme §8.

Based on studies of molecular modeling. Barrciro and
coworkers praoposed iwo new melecular siandards,
exemplified by compounds 172 and 173 ns new candidates
for sccond generation unti-inflammaiory drugs . The
maolecular design of 173 from she lead compound 172
(5chome §9) was reafized applying the strategy of
retroisosterism [14] and aimed 1o minimize the possibility
ol eletrophyvlic species formation (176) [Scheme 59),
potentially toxic, obtained by the action of enzymatic pool
involved in the melabolism of xenobioics, Furthermore. the
use of reiroisosterism for derivative 173 enables the
formation of intramolecelar hydrogen bonds, which confer
grenter conformational restriction allewing the prediction
thal derivatives 172 and |73 will present pharmacokinetic
concerning  the process of metabolism  and
pharmacodynamics distingt profiles.

Among the different cutegorics of 3-lipoxygenase
inhibitors (5-LOX), the hydroxamic acids stand owr acting
through the formation of complexes with the Fed jon
present at the catalytic site of 3-LOX. It has been shown that
although many hydroxamic acids are potent inhibitors of the
enzyme ja vive, they fail to produce significant inhibition
in vivo, This dichotomy between in vitro vs in vive
pharmacological results can be explained based on
phirmacokinetic studies realized with different hydroxamic
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neids [R0] In these studies 11 was demonstrared thar
hydroxamic acid derivatives {e.g.. 177 are rapidly
metabolized 10 corresponding inactive carboxylic acid

1N

©/\l)
177

derivatives, which are unable 10 block leukotricne synthesis.
Tuken together these results sugpest the pharmacophoric
profile of hydroxamic acid subunit (CON(OHICH;).

Later, Suiamers and coworkers ¢ 1998) [90] demonstrated
thal hydroxamic acids with 5-1.OX inhibitor uctivity have
small substituents (hydragen or methyl) attached 1o the
hydroxamit acid nitrogen and relalively large groups (aryl
rirg sysiem) appended o the carbanyl group. Based on this
ebservation. the authors proposed the attainment of the
retroisosiere 178 (A 63162), through the upplication of
FCLFOISOSIErism steategy in the strueture of lead compound
177 (Scheme 647 [90], The study of the pharmacokinetic
hehavior af retroisostere 178 (A 63162) revenled that when

Selieme A,

Scheme 61,
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rerreisosicrism

redroisostericm

administered orally to rats, this retroisostere produced higher
plasma concentrations and longer duration. For example,
compound 178 produced peak plasma concentrations in the

CH

©/\0
A 63162

7%

rats of 140 uM at 3 h afler a 100 me/Ke oral dosc, while its
congener 177 reached a peak level of only 15 pM 30 min
after dosing.

From the pharmacodynamic point of view, the
pharmacological assays carricd out with hydroxamic ocid
177 and #s retroisosiere 178 (A 63162) reveal Lhat 178 was
significantly mare potent than 177 in inhibiting in vive
teuketricne synthesis in the ral peritoneal anaphylaxis
model. Following oral administration. |78 {ED«g= Rmg/Kg)
was S-fuld more potent thun 177 (EDsp= 40ma/Kg ).

The unimistakable demonstration of the benefits of the
strategry of reiroisosterism, applied w the class of 5.LOX
inhibitors. may be well iltustrated by the attainment of

e
iy
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zilewson { 180, the first selective 5-LOX inhibitor 10 receive
approval by the FIDXA wirest asthima, discovered a1 Abbou
Laborwiorics [91]. In analogy o the reselits obtained with
Ivdroxamic acid 178 (A 63162). the application of 1he
retrnisosierism strawegy in the stueture of lead compound
179 allowed the anainment of A~hydroxyurea derivative 180
{zileitton) with a half life. oral bioavailability and inhibitwry
potency greater than lead compound 179 (Scheme 613 (92].

7 FINAL COMMENTS

As we bave demonsirated in this paper, through
vomments made on selected examples, the binisosterism
represents inorationnl drug design o successlul strategy,
useful in the molecular modificaiion and design of new
iherapentically  auractive  subsiances  of  different
pharmucalogical classes including the design of me-iao
drugs.

The correel use of the siritegy of moelecutur moditication
also altows the identification of new classes of lead
compound with auractive pharmacotherupeulic activity,
minimizing the effons of synthetic work and, conseguently,
maximizing the chances for suecess in discovering
medications both more efficient und of safer use

In this paper, we have also demunstrated that drug
discovery may be planned “ed-hoc™, when determined
theoretic principles of Medicingl Chemistry nre carefully
applicd. thus allowing a prediciion of the struciural cflects
which govern phramacokinenc faciors, such as absorption
and bintransformalion: consequenty, in theoretical tems,
wue nre ihle (o predict the expecied bioavailability Tor the
new bioaetive compound designed as new drug candidang,
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