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

1. Documentos estudiados

Descripcion: o  Follog 17-238 | 03 de diciembre de 2009 i
Relvindicagiones; ) Folios 240-202 . 03 de diciembre do 2008
Prioridad: _ _ . DE 10 20070320507.1 _ 112 _de julic de 2007 )

2. Analisis de la Prioridad

Se acepta la reivindicacién de Prioridad porque:

Esta solicitud fue presentada dentro del plazo establecido (Art. 9 D 486).

Y su contenido tecnico corresponde con el de la prioridad reivindicada.

3. Objeto de la invencién

Titulo de la solicitud; “Derivados de piridazinona”

El problema planteado en esta solicitud consiste en la necesidad de proporcionar
compuestos Utlles como inhibidores, reguladores o moduladores de sedales
quinasas.

Para resolver este problema técnice la solicitud en estudio proporciona un compuesto
de la férmula (1) y composiciones que lo contienen.
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El objeto de la presente Solicitud se relaciona con la Clasificacién Internacional de
Patentes (CIP): CO7D 403/14; 413/14; 417/10; 413/10.

4. Reivindicaciones relativas a un uso o a un segundo uso (Art 14y 21 D 486)

El uso de las reivindicaciones 17-25 no es patentable, de acuerdo con el Art 14.

5. De la Solicitud de Patente

Titulo

El titulo es muy general y no define adecuadamente el objeto de la solicitud ni su
alcance, por fo cual se sugiers cambiar el titulo de la sollgitud por: “Inhibideres de
las sefales quinasa derivados de la 2-bencilpiridazin-3(2H)-ona".

Reivindicaciones (Art 30 D 486, Art 22 PCT)

El capitulo reivindicatorio ng es claro ni conciso cuando utiliza términos tales como:

Het, Het": porque no define el nimero de miembros que contiene el anillo
Heterociclo de 6 miembros insaturado, saturado o aromatico con 1-4 &tomos
de N, O y/lo §, por el nUmero de combinaciones a que dan lugar y se
encuentran seportadas en el capifulo descriptivo.

Alquilo con 1-10 atomos de C, Alquilo con 1-8 atomos de C: por el nimero
indeterminado de combinaciones a los que pueden dar lugar.

1-7 atomos de H pueden estar reemplazados por F, puede estar mono-, di-, tri,
tetra, o penta sustituido: no son concisas porque no limitan el alcance la
reivindicacion, ni la definen de manera adecuada.

Alguilo ciclico 3-7 atomos de C: por el nimero indeterminado de
combinaciones a los que pueden dar |ugar.

La utilizacion de los términos "m, n, p” se definen como 0, 1, 2, 3, 4: por el
nimero indeterminado de combinaciones a los que pueden dar lugar.

El uso de términos tales como "derivados™: no define las posibles estructuras
quimicas que lo pueden conformar, lo cual tampoco se puede deducir de la
descripcion. Se requiere al solicitante para este punto, eliminar este término
del alcance del pliego reivindicatorip.

El uso de terminos tales como “solvatos, sales. Tautémeros y esteroisémeros”:
es falto de claridad debido a que para determinar si un substrato particular
formaria solvatos o hidratos requeriria la sintesis del substrato y someterlo a
recristalizacién con una variedad de solventes, temperaturas y humedades y
en el capltulo descriptivo no hay un ejemplo de trabajo de cualquier hidrato o
solvato formado. Y no hay evidencia de que tales compuestos existan. Se
requiere al solicitante para este punto, eliminar este término del aleance del
pliego reivindicatorio.
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Todo lo anterior da a lugar a una innumerable combinacién de compuestos que no
encuentran soporte en la descripcion, se sugiere restringir la solicitud a una razenable
generalizacion del tipo de compuestos que ha sido sintetizado o probado, es degir,
que se encuentran debidamente sustentados.

Para tal efecto, esta Oficina manifiesta que en la descripcién se encuentran
soportados los siguientes compuestos a los cuales el sollcitante puede tener an
cuenta para la respectiva restriccidn

R1

R2

j:)i’.f’v“'@" Loy X b 'l’flo L™ @L
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R3

R4

R4’

La reivindicacion 15 consiste en un proceso para preparar compuestos de formula (1),
sin embargo, no se encuentra adecuadamente definida ya que no menciona
caracteristicas esenciales de un proceso tales como: condiciones, solventes, uso de
catalizadores y temperaturas. Se sugiere al solicitante definir el proceso de manera
inequivoca, teniendo en cuenta las observaciones realizadas.

Las reivindicaciones 26 y 27 no son concisas cuando hacen uso de la expresion “otro
principio activo medicamentoso”, puesto que da lugar a todos aquelles compuestos
que tienen actividad farmacoldgica, lo cual va mas alla del alcance de la solicitud. Se
sugiere al solicitante restringir las reivindicaciones a aquellos principios actives
medicamentosos que se encuentran debidamente soportados en el capitulo
descriptivo

6. Determinacién del Estado de la Técnica

El Estado de la Técnica se determiné con base en la fecha de Presentacién de |a
Solicltud de Prloridad: 12 de julio de 2007

Y se encontraron los siguientes documentos que anticipan el objeto de esta sclicitud:

item Documento ' ~_Titulo Fecha deo Publioacién®
Pyridiazinone Derlvatives for the ' . . .
D1 Usz0080293719 Treatmant of Tumours 27 de noviembre de 2008
Bioisosterim: a Usaful Strategy for '
D2 Current medicinal Molecular Modification and Drug
chemistry: Deasign {volume 12, issue 1, page 23-
49)

2008

“*Version Norteamericana de la solicitud internacional WO2007/065518 publicada en
fase internacional el 14 de junio de 2007 presentada en estados unidos el 27 de
noviembre de 2008.

D1 '
hitp://worldwide espacenet.com/publicationDetails/originalDocument?CC=US&NR=20
08293718A18KC=A1&FT=DEND=38date=20081127&4DB=8&locale=en EP

O

N
Divulga compuestos de la férmula (1) ¥ | los cuales tienen actividad

inhibidores de tirosina quinasas, en particular, Met-quinasa, y se pueden emplear,
entre otras cosas, para el tratamiento de tumores

R.!

D2 (folios 590-601)
Bicisosterim: a Useful Strategy for Molecular Modification and Drug Design (volume
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12, issue 1, page 23-34) - Current Medicinal Chemistry

Divulga el Bioisosterismo como una practica comun para desarrollar medicamentos, y
modificacion de los mismos. Bioisosteros y clasicos y no clasicos.

7. Examen de Patentabilidad (Art 14 D486)
Novedad (Art 16 D486)
La reivindicacion 1 consiste un compuesto de férmula (1)

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

Caracteristicas esenclales ' : D1

Un compuesto de farmula {) Un compuestﬁ 123

0 R4 F /‘Y
= —
~ N R2 \ O ) 18]
R N” N=
R¢ F

R3

Donde R1 &s fenilo di sustituido por halégeno, — 0 I;JH
R3 as hidrogeng, R4 y R4' san Hidrdgeno.
R2 es un hetarearilo

Las caracteristicas esenciales de la compuesto de formula (1) de Ia reivindicacion 1
hablan sido divulgadas previamente en D1, el cual ensefia un compuesto de formula

i k {(pérrafo 26), especificamente los compuestos 122 y
123 (parrafo 287), donde R1 es un fenilo 2,4 difluoro sustituido R3 es H, y R2 es un
3-(5-metil-1,3-oxazol-2-ibencil (gjemplo 122) y un [3~(5-oxo0-4,5-dihidro-1,3 4-
oxadiazol-2-il)bencil (ejemplo 123), lo cual, esta de acuerdo con lo afirmado en la
reivindicacion 1 de la actual solicitud, el radical R1 de D1 puede ser sustituido por un
anillo heteroaromatico (parrafo 27, compuestos A24, A26, A30, A57), R1 tambien se
encuentra sustituido por 1 o varios radicales sustituido por un grupo CN (ejemplo
A41), haldgenos (ejempios A40, A37), hidroxilo (ejemplo A29), propiloximorfolin
(ejemplo 44), piridina (ejemplo A65), R2 puede ser sustituido por un anillo
heteroaromatico o arilo (parrafo 28), tales como fenilo, naftilo dada uno de los cuales
es sustituido por un arilo o heteroarilo o arilo (parrafo 32)

En consecuencia, la reivindicacién 1 no es nueva 6 carece de novedad, segun lo
divulgado en el documento D1. ‘ ' S
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Las reivindicaciones dependientes 2-11, 16, 26 y 27 no mencionan alguna
caracteristica que haga nueva a la composicién de la relvindicacién 1, por io cual se
considera que no son nuevas.

La reivindicacion 15 consiste en un procedimiento para elaborar los compuestos de
las reivindicacionaes 1.-14

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

Téonica:
Caracteristicas esenciales ' D1
Un compuesto de formula (11 Un compuasto de formula (11)
L3 #]
R o ®! »

Reacciona con un compuesto de férmula (1)

Reacciona con un compueste de férmula (1) R—CHLR

Luego R2 se convierte en ofro radical R2, acllando | R2 se convierte en ofro R2 por acilacién del grupo

o alquilando el grupo amino aming _

Libera uno de sus derivados funcionales por Libera uno de sus derivados funcionales por
tratamiento con un agente solvolizante o tratamientc con un agente solvolizante o
hidrogenolizante, _ hidrogenalizante.

Las caracteristicas técnicas esenciales del proceso de la reivindicacién 15 fueron
previamente divulgadas en D1, porque éste divulga un proceso para preparar un
compuesto de férmula (l) (reivindicacién 16), que comprende las etapas Un
\ 0
Z

e WalL )

K N :
compuesto de férmula (l1), reacciona con un compuesto de
formuia (1), luego R2 se convierte en otro R2 por acilacién del grupe amino, Libera
unc de sus derivados funcionales por tratamiento con un agente solvolizante o
hidregenolizante. D1 tambien divulga que R3 es H, y R2 en el ejemplo 123 es un [3-
(5-ox0-4,5-dihidro-1,3,4-oxadiazol-2-i)bencil.

En consecuencia, la reivindicacién 15 no es nueva o carece de novedad, segln io
divulgade en el documento D1.

Nivel Inventivo (Art18 D486)
La reivindicacién 13 consiste en un compuesto de las reivindicaciones 1-12 donde

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

Técnlca:
Caracteristicas esenciales . D1
Un compuesto de formula (i)
0
Un compuesto como el de las reivindicacionas 1-
12 dende: N R
4
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Rd.
Z 0
R?
N
Rt R
[=¢]
R1 de D1 puede ser sustitutdo por un anillo
R1 Es arile o heteroarilo heteroaromético {parrafo 27, compuastos A24,
_ _ i _A26, A30, ABT),
R2 es pirimidinilo, piperinidilo, piridazinilo, R2 un fenilo sustituido por un Haet' o un grupo A
morfolinilo, piperazinilo, {pérrafp 28),
R3 o5 H, Metilo, etilo, propilo SRS) es un hidrégene o un alqullo Cs.1g (parrafos 28-
R4yR4'es H ‘ ) o | Sus aquivalentes son H

El Documento D1 se considera el estado de la técnica cercano a la invencion definida
en la reivindicacion 13 porque divulgan un compuesto de férmula (I} donde R1 puede
ser sustituido por un anillo heteroaromatico o aromatico {parrafo 27, compuestos A24,
A28, A30, Ab7, A122, A123), R2 un fenilo sustituido por un Het1 (parrafo 28), donde
Het1 es un heteroanilio monociclico, saturado, insaturado o aromatico. Que contienen
102 Ny/uQ, que pueden a su vez estar mono-, di-, trisustituidos (parrafo 34), R3 es
un hidrogeno o un alquilo C1-10 (parrafos 29-30), Y los equivalentes de R4 y R4’ son
H, R2 es un anillo aromatico (ejemplos 122 y 123)

La diferencia entre la invencion, definida en la reivindicacion 13 y el compuesto de D1
consiste que la reivindicacién 1 presenta sustituciones de R2 denlfidas como:
pirimidinilo, piperinidilo, piridazinilo, morfolinilo, piperazinilo,

El efecto que logra el incluir la introduccion de los sustituyentes de R2 pirimidinilo,
piperinidilo, piridazinilo, morfolinilo, piperazinilo, no queda adecuadamente
demostrada, puesto que no se presentan datos comparativos respecto de los
compuestos de D1 especialmente los de los ejemplos 123 y 124,

Por lo tanto, el Problema Técnico Objetivo que pretende resolver esta invencién se
puede formular asl: "como presentar compuestos alternativos a los compuestos de
D1 y que tengan actividad inhibitoria de tirosina quinasa”

Sin embargo, el documento D1 define que R2 es un anilio aromético como el Fenilo
puede ser sustituido por un grupo Het 1 que pueden ser a su vez piperidin-1-il,
pirrolidin-1-I, morfolin-4-yl, piperazin-1-il, 1,3-oxazolidin-3-il, imidazolidinil, oxazolil,
tiazolil, tienil, furanil or piridil, evidencia de lo cual existen los compuestos de los
ejemplo 122y 123.

En consecuencia, la persona del oficio normalmente versada en la materia, se veria
fuertemente motivada a intercambiar los radicales arriba mencionados en los
compuestos 122y 123 por los sugeridos también en D1, para llegar asl al objeto de
la reivindicacion 13 de la solicitud. Por lo cual se considera obvia.

Conclusion:
La reivindicacion 13 cumple el requisito de novedad (Art. 16), pero no cumple con el
requisito de nivel inventivo (Art. 18).

La reivindicacién 14 consiste en compuestos de acuerdo con reivindicacién 1
seleccionados del grupo:
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Comparacién de las caracteristicas técnicas esenciales, con las del Estado de la
Téenica:

Caracteristicas | Y ' T D2
esenciales

Compuestos espeacificos de

formuia () denominados “A1-A¢ | COMPuestos espacificos de

y AIT" férrtttfla () sjemplos 122 123
F [a]
F \N/N\%
F 'J = CHy
Al .
_ Divuiga ¢i Bioisostarismo eemo
y\(" F una estrategia exitosa en el
P \ = desarrollo de nuevos anélogos
W o N do sustanclas que son de interés
Aoy e terapéutico. (introduceién)
F A2 F . .
= ; existen biolsosteros clasicos y
o no clésicos {pagina 25, esquama
prasas e L L E
¢ # — 0 PH
! A3 4 0 =N divulga que los anilios pirtdina,

pirimidina y oxadiazol son

s _
Z \/@ . N bicisosteros (pagina 30 figura ?)
F. Y ’ :
0

L)
A7

El Documento D1 se considera el estado de la téenica cercano a la invencion definida
en la reivindicacion 14 porque divulgan un compuesto de foérmula ()

F
B més esia\c_eclﬁcamente los ejemplos 122

= Q M
N 0 =N
N=—N

F f
123 —7 , los cuales cumplen con todas las caracteristicas
esenciales de los compuestos de Formula (1) de la actual solicitud.

La diferencia entre la invencion definida en la reivindicacién 14 y los ejemplos de D1
congiste que la reivindicacion 1 presenta sustituciones de R2 definidas como:
pirimidinilo, piridinilo

El efecto que logra el incluir la introduccidn de los sustituyentes de R2 pirimidinilo,
piridinilo, @s que proporciona compuestes quimicos aiternativos a los compuestos de
formula (1) ya conecidos con anterioridad en D1. Ya que mas allad de esto, no se
establecen ejemplos comparativos entre la actual invencién y la anterioridad D1 que
permitan concluir que los compuestos actualmente reivindicados presentan un efecto
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técnico mejorado traducido en mejores propiedades farmacéuticas tales como:
selactividad, biodisponibilldad, ete.

Por lo tanto, el Problema Técnico Objetivo que pretende resolver esta invencion se
puede formular asi: “como presentar compuestos alternatives a los eompuestos de
D1 n

Sin embargo, el documento D2 ya divuiga que el bicisosterismo es una estrategia
exitosa de amplia difusién en el arte de la sintesis para el desarrollo de nuevos
analogos de sustancias ya conocidas que son de interés terapéutico. (folic 590,
introduceidn), que los anillos piridina, pirimidina y oxazol son bioisosteros y que por lo
tanto se espera que al intercambiar estos anillos en la estructura, se espera que
tenga actividad similar(folio 597, figura 2, pagina 30, folio 528, numeral 5.2 pagina 31)

En consecuencia, la persona del oficio normalmente versada en la materia, se veria
fuertemente motivada a intercambiar los el anillo oxazol por los anillos piridina o
pirimidina en los compuestos 122y 123 como lo sugiere D2, para llegar asi al objeto
de la reivindicacion 13 de la solicitud. Por lo cual se considera obvia.

Conclusion:

La reivindicacion 13 cumple el requisito de novedad (Art. 16), pero no cumple con el
requisito de nivel inventivo (Art. 18).

8. Conclusién

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

tem ' Documento Reivindicaclones afectadas Requisito que afecta
D1 © US20080283719 ) 2-11, 16,26y 27 Novedad
13-14 _ Nivel Inventivo

Current medicinal
. chemistry
. Bioisosterism: A
D2 Useful Strategy for 14 Nivel inventivo
Malecular Modification ‘
and Drug
Design

En cumplimiento del articulo 45 de la Decision 486 de la Comisién de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (80) dias
contados a partir de |a fecha de notificacion de la presente comunicacion. En caso de
no dar respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran
los impedimentos para la concesién, se denegara la patente.

Notifiquese el presente oficio conforme a lo dispuesto en el numerai 5.2, literal ), del

capitulo quinto del titulo_primero de la Circular Unica No. 10 de 2001.
JOSE LUIS SALAZAi LOPEZ

Director de Nuevas Creaciones (C)

El anterior requerlmlento fue notificado por fijacion en lista, de fecha

28 SET 201

Elaborado por: Harvey Jaramillo ¢ (¢ XL
Revisado Por: Jacqueline Alfonso
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Curront Medicingl Chamistry, 2008, 12, 1349 1

Bioisosterism: A Useful Strategy for Molecular Modification and Drug

Design

14dia Moreira Lims and Bljezer J. Barreiro*

Laboratério de Avallagéo e Sintese de Substdncias Bioativas (EASSBio), Fuouldade de Farmdcia, Universidade
Federal do Rio de Jangiro. CCS, Cidade Universitdria, CP 68.006, 21944-190, Rio de Janeirg, R.J., Brazi!

Abstract: This review aim to demonstrate the role of biolsosterism in rational drug design a3 well as in the
moleeular modifiention and optimization process siming te improve phurmaeedynamic and pharmacokinetic

propestics of lead compounds,

L, INTRODUCTION

Bioisostorism is 8 strategy of Medicinal Chemistry for
the rational design of new drugs, applied with & lead
compound (LC) as a special process of molecular
maodification [}]. The LC should be of a completely well
known ¢homical structure and possess an cqually well
known mechanism of action, if possible ol the level of
topographic interaction with the receptor, including
knowledge of all of its pharmacophoric group. Furthermore,
the pathways of metabolic inactivation [2], as well ag the
main determining structural factors of the physicochemical
properties which regulate the bioavailability, and its side
effects, whethor directly or not, should be known s0 as to
allow for a broad prediction of the definition of the
bioisosteric relation to be used.

The success of this strategy in devcloping new
substances which are therapeutically attractive has obacrved a
significant growth in distinct therapeutic classcs, being
amply uscd by tie pharmaceutical industry to digcover new
analogs of therapeutic innovations commercially attractive
{me-foe), and nlso as a tool useful in the molecular
modification,

There may he innumerous reasons for the use of
bioigosterism to design new drugs, including the nccessity
to improve pharmacological activity, gain sclectivity for a
dotermincd receptor or enzymatic isoform subtype - with
simultaneous reduction of certnin adverse effcets -, or even
optimize the pharmacekingtics the LC might present.

In this paper, we will discuss bivisosterism as a sirategy
of molecular modification, showing its importance in
building o new series of congenors compounds designed as
candidate of new drugs, giving examples of supceasfl) cnses
in distinct therapeutic classes [3-7],

2. BACKGROUND

In 1919, Langmuir {8] studying the chemical behavior
and reactivity of determined substances possessing atoms or
groups with the sam¢ number of valence electrons, i.¢.

*Address correspondance to this author 11 the Laborsidtio de Avaliagdo o
Sintese do Substfncins Bioalivas (LASSBio), Facoidadc de Farmdcia,
Universidade Federat do Rla ge Janocire. CCS, Cidode Universilaria, CP
68.006, 21944-150, Rio de Janeiro, R.J., Brazil. E-mail: e¢jb@pharma.ufr.br

0919-8673/05 5§50.00+.00

isoelectranie, created tho concept of isostorlem ta define
stoms or argenie or inarganic molscules which possess the
same number and/or arrangement of olectrons examples:

02 x I~ x Ne x Na* x Mg*?
ClQy % 80472 & Q42
NN x C=0)

COz x NG,
N=NeN x N=C=0"

In 1925, Grimm [9] formulated the Hydride Displacement
Law, on empiric rule which states that the addition of a
hydrogen atom with a pair of clectrons (f.e. hydride) to an
aton, produces a pseudoatom prescnting the same physical
properties as those present in the column immediatoly
behind on the Periodic Table of the Elements for the initial
atom (Fig, 1), showing that any atom belonging to groups
4A, 5A, 6A, 7A on the Periodic Table change thelr
properties by adding a hydride, becoming isoclectronic
pszudontoms.

In 1932, Erlenmeyer [10] proposcd a broadening of the
term isgsterism, defining iscatores as elomeonts, molecules or
fons which present the some number of clestrons nt the
valence level. His contribution includes the proposition that
elements of the same column on the Periodic Table are
isosteres among themselves (e.g. € x 8i x Ge) and the
creation uf 2 concept of rings electronically equivalent, latar
broadened to the term ring bioisosterism,

The coining of the tenn bioisosterism goes back to the
pioneér work of Friedman and Thornber during the early

" $0s. Friodman [11], rocognizing the usefulness of tho

concept isosterism to design bioactive malecules, defined
bioisosters ns compounds which fit the definitions of
isosteres and which exercise their biological activity of
Bioreceptor, whether through agonist or antagonist actions.
However, Friedman introduced the termy bioisostorism to
doscribe the phonomenon obsorved between substances
structurally related which presemted similar or antagonistic
biological properties [11]. Later, Thomber [3] propesed a
broadening of the term bioisosteres, defining them as sub-
units or groups or molecules which possess physicochemical
propertics of similar biological offects,

Over the years, innumerous bioisosterig relations have
been identificd in compounds both natural and synthetic. In
nature, we have identified many examples of isostcrism as a

© 2005 Rentham Sclence Publishgrs Lid.
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Group Group Group Group Group

44 SA  6A

TA  8A

INofe 6 7

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

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

0 Qo
NH2 ' NH;
1 2

Scheme 1.

classes of non-steroid anti-inflammatory drugs, e.g.
acetylsalicylic acid and mefenamic acids, respectively.
Furthermore, cxamples of the application of non-classic
bioisosterism are also found in nature - such as the
bioisosteric relationship existing between y-nminobutyric
acid (GABA) (13) and muscimol (14), between the
neurotransmitiors glutamate (15) and AMPA (16},

)
) . _
ol m\lﬁ#"”f/\l)LoH
\=N| N




Bivisosterism: A Usefild Strategy for Molecular Modiflcation

3. CLASSIFICATION OF BIOISOSTERISM:
CLASSIC AND NON-CLASSIC

In 1970, Alfred Burger classified and subdivided
bioisoteres into two broad categories: Classic and Non-
Classic [12] (Sehome 2).

Biplsosterism

Cla;r.n' 4 Nan-Clasy ic

{ d

« Mono, 124, T, Tetravalent ochlionalI Groups )
atoms ar groups . Non-(l:yclrc‘pr Cyelic
+ Ring Equivalents » Retraigostern sm

Scheme 2.

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

1 Classic Bioisosteres (Table 1)
1.1 Monovalent atoins or groups
1.2 Divalent atoms or groups
1.3 Trivalent atoms or groups
14 Tetrasubstituted atoms

1.5 Ring equivalents
2 Non-Classic Bioisosteres (Table 2)

2.1 Cyclic vy Noncyelic
22 Functional groups
2.3 Retroisosterisin
Table 1  Classic Blolsostere Groups and Atoms
Monovalent Divalent Frivalent Tetravalant
. -QH, -NHy, -CH,, -OR «CH,- =CH- ~Cx
F -Cl, -Br, - 1, -SH, -PH,, - -0- ”-N- ' ..g,-
-8iy, -SR 1 s =P, =Nt
| -S¢- =Asg- =pte
“Te- . -ns-h- -=As‘=-
=Sht=

Many authors have contributed to updating the tables of
functionn! bioisostere groups, which explaing why, in that
which we refer to as non-classic bioisosterism, we have
observed a growing number of bipisostercs described in the
fiterature [6-7),
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4. BIOISOSTERISM A5 A STRATEGY OF
MOLECULAR MODIFICATION

Among the most recent numerous examples used in the
strategy of bioisostorism for designing now
pharmacotherapeutically attractive substances [6-7,13), there
is o significant predominance on non-classic bioisosterism,
distributed in distinct therapeutic catogorics, be they
selective receptor antagonist or agonist drugs, enzymatie
inhibitors or snti-metabolites. The use of classie
bioisosterism for the structural design of new drugs, while
less mimerous, hus also been earriod out suceessfully [6).

The corrcet use of Moisosterism demands phyaical,
chemical, clectronic and conformational parametors involved
in the planned bioisosteric substitution, carcfully analyzed
so as {o predict, although theoretieally, any cventual
alterations in terms of the pharmacedynamic and
pharmacokinetic properties which the new bioisosteric
substance presonts.

Thus being, any bigisosteric replacoment should be
rigorously preceded by careful analysls of tho following
parameters [5):

)] size, volume and clectronic distribution of the atoms
or the considerations on the degree of hybridization,
polarizability, bonding angles and inductive and
mesomeric c¢ffects when fitting;

b)  degree of lipidic and aqueous solubility, so as to
allow prediction of altetation of the physicochemioal
properties such as logP and pKa;

c} chemieal reactivity of the functfonal groups or
bioisostcric structural subunits, mainly to predict
significant alterations is the processes of
biotransformation, including for the aeventual
alteration of the toxicity profile relative to the main
motabolitcy;

d)  conformational factors, including the diffcrential
eapacity formontion of inter- or intramolecular
hydrogen honds.

4.1. BIOISOSTERISM AND ALTERATIONS OF
PHYSICOCHEMICAL PROPERTIES

Some bioisosteric groups dramatically alter the
physicochomical properties of substances and, thereforoe, their
activities. This can be eesily understood by comparing
classic isostcres resulting from bioisosteric replacement
between hydroxyl (-OH) and amine (-NHj), an example of
classic bioisosterism of monovalont groups acgording to
Grimm's Rule. In this case, considering the bioisosteric
roplacement of aromatic amine present in apiline (18) by
hydroxyl, we have phenol (17) (Scheme 3) resulting in a
significant change in the acid-hase propertics of isosteres,
with dramatic modification of the pKa of the compounds,
which is responsible for the distinet pharmacekinetic profiles
among the isostores in question. Furthermere, in terms of
molecular recognition of a given receptor site, we have a
change form onc positively charged function (-NH3*),
originating fram bnsic aromatic amine function (pKb = 9,30)
by another acid (pKa = 10,0) present in phenol, which may,
quite probably, pbolish the original activity {14]. Thus, in
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Table 2 Non-Classic Biogisosteres

-CO- -COOH -S0,NH, -H -CONH. -COOR -CONT,
-COy- SO,H -PO(OH)NH, -F -NHCO- -ROCO- -CSNH,
-850, “tetrazole '
-S0,NR- -S0,NHR -OH catechol
-$0,NH, -CH,OH
-CON- | -3-hydroxylsoxupole S -benzimdazole
-CH(CN)- | -3-hydroxyehromones NHCONH, - CM,S
RSR | -NH-CS-NH, “CgH,N
(R-0-R") =N. o -y
R<N(CN}- C(CN =R -NH-C(~CHNO,}-NH, -CHNH
NH.C(=CHCN)-NH,
~hntides ' ]
' ¥,
-CN
-N(CN),
o -C(EN),

this exampie, we may predict that the use of bioisosterism,
cven the classic type, can promote scvere alterations of
molecular properties, as much in terms of lipidic-aqueous
solubility as well as chemicpl reactivity, among others,
which, broadly speaking, is not observed in the same
homologue carbonic serics. Othcrwise, the system's
enzymatic capacity for hepatic detoxification of xenobiotics,
invoiving the microsomal mixed function oxidase also
called cytochrome P-450 system [14], is distinet in the
presence of these functional isosteric groups, which does not
allow a simplistic corparison between the lead compound
aniline (18} and the hydroxylated isostere (17) in terms of
metabolism, altering, therefore, the pharmacokinetic phase as
well us the pharmacodynamics of the isosteres.

17 18
O H
i
Nh
O ci,
| HO |
X ol H
19 i
N‘CH
N 3
.5
HC N
3
H 20
Scheme 3.

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

(Scheme 3) [15]. This example illustrates the exchange of
phenolic hydroxyl group present in compound 19 with the
arilsulfonamide unit in compound 20, through the usc of
non-classic bioisosterism of functional groups.

The results obtained, carrying out bioassays with these
compounds, witness comparable biological activitios
through the mechanism of cquivalent action, allowing us to
conclude that both functional groups involved are authentic
bioisosteres. This bioisosteric relationship was
experimentally evidenced by determining the degree of
acidity of thesc substances. Both compounds are of
comparable acidity (pKa = 9.1 and 9.6 rospectively),
explaining the similarity of biological profile in function of
cquivalent interactions of both molecules with site receptor,
possibly threugh ionie bonding, in the presence of a similar
acidity or even through hydrogen bonding [15).
Furthermore, both acidic groups , i.e. R-PhOH and R-
PhNISO,CH; are, in this case, monovalont groups.
However, the identified bioisostaric tolationship between the
PhQH and P?\N.H.S.Qéﬂl:[s groups, confirmed for adrenergic
derivatives 19 and 20, is not extensive to other bioreceptors
in which the process of molecular recognition is distinct. An
example of how isostere groups can, in certain systems, not
maintain a biolsostoric relationship, previously defincd in
snother bioreceptor, is well illustrated with the analyses of
21 and 22, described by McCurdy and coworkers (Scheme 4)
[16]. The structural design of 3-sulfonamide compound 22,
targeting the attainment of new bonds for opioid receptors,
was based on the structural data of 1cad compound 21, which
point to the relevance of phenolic hydroxy! as sitc of
molecular recognition. This way, the replacement OH by the
NHSO,CH; group would respect the acidic properties and
the churacteristics donor and/or scceptor H-bonds as
evidenced by the previous work of Larsen and Lish (1964).
Nonetheless, the determination of the pharmacological
properties of arilsuifonamide derivative 22, ovidenced the
absence of affinity by the opioid receptors, it vitre models,
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indicating that in this system the groups PhOH and
PhNHSQ;CH; arc not bioisosteres, despite their great
structural similarity.

Scheme 4,

Thus, when bloisosteric replacement occurs in functional
groups involved in the pharmacophore subunit of a certain
bicactive substance, the relative activity of the resulting
compounds may be dramatically modified. However,
bioisosteric replacemant which successfully occurs in a
serigs of compounds acting as a type af bioreceprar, will
not necessarily be successful in another therapeutic series,
acting through other receplors.

5. CLASSIC BIOISOSTERISM

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

In the search for new anti-hypertensive drugs analogous
to clonidine (23), with a greater selectivity by 1) imidazoline
receptors (11R) and reduced action on ¢z-adrenoceplors,
Schann and coworkers described the attainment of new
cendidates for anti-hypertensive drugs designed by molecular
modifications in the structure of the lead compound
rilmenidine (24) (Scheme 5) [17]. These modifications were
based on classic bioisosterism of bivalent groups,

Scheme 5.
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cxemplificd by replacement of the bivalent oxygen atom (Q)
present in the oxazoline ring, by the methylene group (CHy),
in the structure of the new pyrroline derivative (25); and
between replacement of monovalent groups iliustrated by the
substitution of hydrogen atoms (H) in C-4 and C-5 of
derivative (25) by the methy] group (CHa), originating the
cis/trans-4,5-dimethyl homolegue 26 [17]. The binding
tests with )R and ¢io-adrencceptors cvidence that the
modifigations occurring in the structure of rilmenidine (24),
allow the attainment of derivatives with affinities
comparable (o lcad eompound (24}, although with a superior
selectivity for IR, and illustrated an example of the success
of classic bioisosterism.

Ta develop new HIV-protease inhibitors, Rocheblave and
coworkers described the bicisosteric exchange botween
bivalent groups (Scheme 6), realizing the exchange of the
methylene group (CHjz), prosent in the structurs of the lead
compound amprenavir (27), for the sulfur atom (8) in 28
[18]. Knowing, & prieri, that this isosteric roplacoment
could induce several modifications in torms of sizs, shape,
electronic distribution, chemical reactivity, lipophilicity and
hydrogen bonding capacity, this new isostor was
synthesized, and its stereoisomores were duely separated by
HPLC and tested ns recombinant HiV protease inhibitors.
The results obteined rovealed that the four diastercoisomers
tested werc only week inhibitors of recombinant HIV
protease, while the diasterecisomer (28a), of the same
absolute configuration as the load compound amprenavir
(27), being ca. 1400 less potent than 27. These rosults could
be explained by the high sensitivity to hydrolysis of thia.
isoster 28a-d. In fact, the half-life value found for
thiophenoxy derivative 28n-d was 10 min, while amprenavir
{27) wus recovered unchanged afier 1440 min,

Another Hlustration of the application of classic
bioisosterisim can be found in the works of Ponning and
coworkers (Scheme 7) [19]. Continuing the research to find
new anti-inflammatory drugs acting through the selective
inhibition of prostaglandin-H synthase-2 (PGHS-2) or
cyclooxygenase-2 (COX-2), the authors investigated the

/4
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Schemc 6.

cffect of isosteric modifications on the structure of tead
compound SC-88123 (29), to improve Hs pharmocokinetic
propertics. In spite of the high rate of sclectivity by PQHS-2
{SI> 1000) and good inhibitory potential, the derivative 8C-
58125 (29) exhibited a half-life of over 200 h, thus reflecting
its low susecptibility in the presence of the complex enzyme
involved in the hepatic metabolism of xcnoblotics. Hence,
the authors suggested two classic bioisosteric monovalent
group replacements, represented by replacing the methyl
group, (CHj3) by the NHq group and exchanging the fluorine
atom (F) with the CH,y group (Scheme 7). Both isosteric
replacements suggested allow introducing inte the structure
of the now bioisostere of SC-58125, vulnorable soft
metabolic sites taking advantage of the effect of the first
passage through reactions of conjugation with glucuronic
acid and the benzylic hydroxylation catalyzed by CYP450,
respactively. This new bioisostere optimized by SC-58125,
i.e. celecoxib (30), of a half-life of from 8-12 h, wes
introduced on the Brazilian market in 1999 by Pfizer/Searle
Laboratorics to treat rheumatoid arthritis and other
inflammatory conditions, being the first non-sterpidal antj-
inflammatory drug (NSAID) acting selectively upon the
inducible isoform prostaglandin-H synthase (i.e., PGHS-2)
and, therefore, without the irritating gastric effects typical of
the first generation NSAIDs [20].
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Scheme 7,

The design of dichloroiseprotercne! (32) from
isoprotereno! (31} is, without a doubt, an unigue oxample of
the contribution of the application of bioisosterism to
optimize pharmacodynamic and pharmacokinetic properties
of ngw drugs (Scheme 8). The replacement of catecholic
hydroxyls, present in isoproterenol (31), by the monovalent
chloro (Ci} group in the structuro of dichloroiseprotereno!
(32), represented a useful strategy to obtain new analogs
with half-lives greater than the lead compound 31, since this
bioisosteric replacoment allows blocking onc of the main
sites of metabalism of this catecholamine derivative.
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HO

Scheme 9.

Furthermore, the discovery of dichloroisoproterenol (32),
made feasible the comprehension of the relevance of
structural characteristics of the catecholic subunit for
adrenergic activity, allowing a posteriori the discovery of
pronethalol {33), the first selective antngonist for adrenergic
receptors for subtype . Proncthalol(33), discontinued during
the 1980s, was the precursor of propranolol (33u), a
therapeutic innovation which revolutionized the treatment for
hypertension. The discoverer, Sfr james Black, received the
Nobel Prize in Medicine for this feat and his discovery was
the lead compound for innumerous other more selective
adrenergic B; antagonists.

Schome 10

The bioisosteric replacoment of the bivalent oxygen (O)
atom by sulfur (8) results in o significant alteration in
lipophilicity, and may be used in the design of new drugs to
acl upon the central nervous sysiem (CNS). Van Viiete and
coworkers (Scheme 9), in their search for selective agonists
of dopaminergic receptars, subtype 3 (D3), molecular target
for the design of anti-psychotic drugs, realized modifications
in the hexahydronaphthoxezine system presont in lead
compound 36, an analog conformationatly restricted to
dopomine (34), of high potency and low sclectivity {21],
These structural modifications, based on the bioisosteric
exchange of the methylene (CHy) group in 37, by oxygan
(O) and sulfur (8) atoms in compounds 38 and 39,
respectively, allow identification of two new dopamine
analogs. The cocfficient of partition of thio-isostere (39, log
D= 1,62) compared to oxa-isostere (38, log D= 1,13),
showed a significant increase in lipophilicity, a typical
consequence of the bioisosteric replacement carried out.
However, the determination of selectivity by the different
subtypes of dopaminergic recepiors, assayed by the binding
test, lends us to belioves in an inverse rolationship between

Current Medicinal Chamistry, 2005, Vol. 12, No. I 29

the incroaso in lipophilicity and the selectivity desired by the
D receptors,

To understand the contributions of 4-aminoquinoline
subunit present in the structure of the firgt generation
antimalarinl chlorequine (CLQ, 40), Cheruku and coworkers
described the attainment and determination of the
pharmacological profile of modificd analogs of CLQ
(Schemc 18) [22]. In this study, the authors carried out the
classic bioisosteric oxchange of NH (a; NH-anilinic) and N
(b, N-quinolinic) with the CHy and CH groups in the
structure of compounds 41 and 42, respectively, observing
the loss of antimalarial activity in the presence of the

C”,

r cH r('Il-l:
H 3
ﬂ/\/NVCH’ o Nf'l\/\/ N CHs

modifications realized. Carbo-isosteres 41 and 42 ware
inactive due to the Inhibition of Plasmadium faleiparum NK
34 or K1 straing, even in concentratlons over 3000 nM
(CLQ, [Cso= 8,5 and 150 nM, respectively), and also
proved to be unable to inhibit the formation of hemozoine

0
H CH
S N [ 3
P
0
¥
OH
AZL, 43 44

Scheme 11.
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(CLQ ICs50= 80 uM; 41 1Cgq= 1500 uM; 42 ICsp= >2500 Zidovudine (AZT, 43), an importent chemotherapeultic

uM). Hence, the isosteric modifications vealized reinforced resource available for the treatment of aoguired human
the hypothesis of the importance of N-quinolinic intcraction immunodeficiency syndrome, was discovered from the

process with hematine, the molecular target of antimalariai properties identified in nucleosides 1selated from scaweod.
action of 4-aminogquinoline drugs. Tho structural analysis of AZT (43), a powerful inhibitor of
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Fig. (2). Examples of ring bioisosterism between drugs belonging to different therapeutic classes,
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transcriptase reverse enzyme, cnables us to ascertain the
existence of a classic bioisosteric relationship of monovalent
groups between the nucleoside thymine (44) (endogenous
substrate for the synthesis of DNA and RNA) and AZT,
cxemplifted by the presence of the hydroxyl (OH) unit in 44
and azido (N3) group present in 43 (Scheme 11) [23].
Furthermore, although classic monovalent isosteres, the OH
and N3 groups possess dramatic clectronic differonces, casily
demonstrated by simple functional analysis.

Although applicability of the strategy of molecular
modification of a given lcad compound through
bioisosterism is well consolidated in the pharmaceutical
industry, recent studies by Tacke and coworkers (Scheine 12)
shows that this approach may be used efficiently to optimize
the organoleptic propertics of compounds used in fragrances
of industrial intorest [24]. In this study, the application of
classic bioisosterisin of tetrasubstituted atoms, illustrated by
exchange of the carbon atom (C), present in the structure of
majantel (45), by silicon atoms (Si} and germanium {Ge) in
46 and 47, respectively, allows the identification of new
standards of fragrances of synthetic origin, Although this
ispsteric ¢xchange is rare in drugs, the modification of
molecular volume by the substitution C x Si x QGe,
producing bioisostercs 45, 46 and 47, rcsuits in
conformational and electronic similarities evidenced by
diffraction and X-ray studies and the determination of
clectrostatic potential through the Program GAUSSIAN 98,

More recently Showell and Mills reported that one of the
advantages of classic bioisosterism application of
tetrasubstituted atoms involving the replacement of the
carbon atom (C) by the silicon (Si) atom in the structure of
existing drugs, based on the possibility of designing ncw
drug-like candidates that have beneficial biological properties
and a clear intellectual property position [25]. In fact,
according to Steele, fn 2001, less than 1% of patent
applications related to compounds containing phosphorous,
silicon or other less common elements of the periodic table
(26]. However, although this may seem altractive, the
differences in atomic size, electronegativity and lipaphilicity
botween C and Si atoms, associated with the instability of
Si-H bends, in physiological conditions prove the
applicability of isosterie exchange C x i in the structure of
new drugs 1o be quite limited [25),

Crrrent Medicinal Chemistry, 2008, Vol 12, No.1 3}

§.2. Ring Biolsostercs

Ring bioisosterism, is undoubtedly the most frequent
relationship in drugs of different therupeutie classes [8], as
can be scen in (Fig. 2), and certain specific examples will be
commented upon.

In 1973, Cempaigne and coworkers synthesized
compound 48 [27] as being a derivative structurally related
to serotonin 49, an autacoid with the function of mediator in
different physiological phenomena (Scheme 13). These
authors based their findings on the probable classic
bivisusteric relationship existing between the benzisoxazole
and indole rings prosent in 48 and 49, respectivaly. The
results of these pharmacological assays showed that
compound 48 prcsented no type of serotoninomimetic
activity, not cven anti-sgrotonin, when tested on vat uterus
preparations. In contrast, derivative 50, prcsanlmg the same
benzisoxuzole nucleus in replacing the indole ring of 51,
showed activity when tested with substrate for serotonin
decarboxilase enzyme, dependent on 8-hydroxytryptophane
51 (Scheme 13), an indolic compcund which is the notural
substrate of the enzyme involved in serotonin biosynthesis.
This example highlights the bioisosteric relationship
existing between the benzisoxazole rings and the indole
nucleus in 50 and 51, respectively, depending on the
receptor site involved.

NH:
NH3
r HO R
Lo T N (L S - N
A\ - - -
N NH

Q
48, Rai| 49, R=1i
54, R=CO4H 81, R=QO0:H

Scheme 13.

Applying classic bioisosterism in the design of new
serotonin roceptor (5-HTy) antagonists Fludzinski and
coworkers (Scheme 14) described the obtention of new
indazalyl compounds 62 and 63 with important antagonistic
propertics of receptor 5-H'T; {28). Those two substances were
developed as bioisosteres of 64, a compound. which
posscsses as main strustural characteristic the hybrid
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Scheme 14.
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character between serotonin (49), represented by the indole
ring substituted in C-3, and cocaine (65), represented by the
nature of the substituemt in C-3, a known antagonist of
reeeptors 5-HT5 [29]. The bioisosteric relationship of these
two nuclei was proven. In this case, by the resulis obtained
in bionssays which showed for 62 a rate of selectivity by the
receptors 5-HT; superior to that of 64, when administercd
intravenousty as well as orally, showing that the indazole
and indole moicties, when substituted equivalently,
possessing the same clectronic propertics and the same
standard of aromaticity, may be considered bioequivalent at
the level of interactions with the same receptor. However,
compound 62 showed a profile of activity superior to 63,
administered p.o., indicating that the amidic bond present in
chain 62 is responsible for a more favorable oral
bioavailability .

The application of ring bioisosterism was also
successfully explored by Binder and coworkers (Scheme 15)
[30] in developing new non-steroid anti-inflammatory agents
of the oxican group [31]. This class of NSAID was
discovered by Lombardino and collaborators [32], at Pflzer
Laboratories in England, piroxican 66 being the main
reprosentative of this class of 1,1-dioxibenzence1,2-thlazine
{BTA) synthetics.

Applying the stratcgy of ring bioisosterism, Binder
proposed tenoxican 67, the newest member of the ¢lass of
arylthiazine-1,1-dioxides, where the benzothiazinic nucleus

HJC‘
N~ CH,

70

Scheme 16.

of 66 was replaced by the thienothiazinic moicty (Scheme
15) [30). This example represents the bioiscsteric
relationship existing between aromatic heterocyclic rings and
the phenyl group, The profile of phannacotherapeutic
activity of 67 proved to be comparable to that of 66, being
able to be administered in gingle daily doses of 20 mpg,
because of its long plasmatic half-life, a desirable quality for
cases of arthritis as well as osteosrthritis. Both derivatives
act by the same mechanism of action, at the same receptor
level, {e. cyclooxygenase, an cnzyme involved in
arachidonic acid metabolism. It is noteworthy that other ring
binisosteres at the structural subunit level represented by the
BTA nuclcus may possess the same phramacotherapeutic
profile a5 66 and 67 (cf.68) {33], being differentiated from
other bioisosterss developed by structural alterations in the
heteroaromatic ring, present in the carboxamide unit, whose
représentative is isoxican 69, which possesses 35-
methylisoxazole ring as equivalent of the pyridine ring
present in compounds 66 and 67 (Scheme 15). This
derivative was recently taken off the market due to the
dermetologic reactions it provoked.

The similarity between the physicochemical properties of
the benzeno (PE = B0 °C) and thiophene (PE= 84 °C) rings
is well fundamented and was used to create the concept of
ting biocisosterism or ring equivalents. However, the
exchange of the pheny! ring by the thiophene ring in the
struoture of bicyclic derivatives, should be carried out
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considering the possible regioisomeres involved in this
replacemont. Studies by Blair und coworkers have illusteated
very wetl this type of replacement, in which the pheny! ring
of the indolic nucleus, present in the structure of lead
compound, N, N-dimethyltryptamine (70} was replaced by
the thiophenc ring, giving rise to the isomeric systems
thieno[3,2-b]pyrrole (71}, thieno[2,3-h]pyrrole (72),
thieno[4,3-b)pyrrote (73) (Scheme 16) [34]. However, the
results described by these authors show that with the
gxception of the thicno[4,3-blpyrrole system (73), of
unstable and difficult preparation, the other heterocyelic
isomeric systems arc authentic bioisosteres of the indole
ring, presenting affinity and selectivity by the scrotonin
reeeptors similar to lead compound 0.

Concerning the non-steroid anti-inflammatory drugs
{(NSAIDs), Almansz and coworkers (Scheme 17) [35]
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described the existing bioisosteric relationship between the
pyrozolo and pyrazolo[i,5-a]pyrimidine tings pregent in
compounds 30 and 74, respectively. The exchange of the
pytazolic ring, prosent in cclecoxib (30), by the
pyrazolo[1,5-alpyrimidine system in 74, resulted in an
optimization of the pharmacodynamic properties of 30,
although it compromised its aral hioavailability .

The use of ring bioisosterism may serve for designing
congeneric serics of lead compound candidates for new
drugs, in view of the detailed study of the distinct
hydrophobic contributions resulting from rings equivalents,
This strategy has revealed itsclf as a fundamental tool in
designing ncw me-too drugs, i.e, therapeutic copy (vide
Figure 2). In a recent study, Barrciro and coworkers
described the application of ring bipisosterism for designing
functionalized N-ncylhydrazone (NAH) derivatives (Scheme
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Scheme 18.
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18) [36], in an cffort to correfate the alterations found in the
profilc of anti-platetet, analgosic ond anti-inflammatory
activities, of cach new hetero-aromatic system studied, with
its respective electronic characteristics,

More recently, Barreiro and coworkers (Scheme 19)
describad the atirinment of new selective acetylcholinesterase
(AChE) inhibitors designhed by modifications in the structure
of the lead compound tacrine (76) {37]. These modifications
allow for identification of a ncw bipisosteric relationghip
existing between the quinoline nuelei in 76 and pyrazolo-
pyridine in 77, which have shown a similar inhibltory
capacity for rnt brain cholinestcrases,

NH3 NH,
L - g
D (O
N/ ‘N-" N/
76 ' 7
Csn =0, 16 uM ICs5= 6,01 UM

Scheme 19.

In the field of antidepressives, binisosteric ring
replacement of a determined lead compound also permits the
discovery of new agents of therapeutic interest. In 1983,
Waltthey and coworkers doveloped, at Cibn-Geigy
Laboratories, compound 79 as a biocisoster of miansering 78
(Scheme 20) [38]. As principal structural characteristic, this
substance posscsses the thiophenic ring integrated to the
cyclic unit of this representative of atypical antidepressive
agents, which act as serotonin receptors (5-HT) antagonists
[39]. Once again, this example illustrates the equivalency of
the benzene and thiophene rings, in distingt pharmacolopgical
activities, allowing for a generalization on the bioisosteric
relationship between heterocyclic nuclei of five atoms and
benzene ring [40].
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Lima and Barrelro

The recognition of the importance of bradykinin in the
processes of pain, inflammation, rhinitis and hypertension,
has shown the relevance of bradykinin receptors as a new
target for therapeutic intervention. Although many
bradykinin receptors antagonists have been deseribed in the
literature, its peptidic characteristics have limited its
therapeutic applications. Secking non-peptidic bradykinin
receptors antogenists, Abo and coworkers described the
attainment of 2-methylimidazo[1,2-a]pyridine derivatives,
highlighting the derivative FR167344 as lead compound
(80) (Scheme 21) [41]. Later, these authors proposed the
bioisosteric exchange of 2-methylimidazo(1,2-a]pyridine
ring, presont in compound 80, by the 2-methylquinoline
subunit, identifying tho new derivative FR175657 (81), as a
potent bradykinin receptors antagonists of non-peptidic
structure,

6 - NON-CLASSIC BIQISOSTERISM
6.1, Cyelic vs Non-Cyelle

In the categery of diurctic substances of the
phenoxyacetic clags, in which otacrinie acid 82 is the main
representative, we have found innumerous examples of the
use of non-classic bioijsosterism in the discovery of new
drugs. To develap new diuretic substances, with uric activity
superior to 82, Hoffman and coworkers applicd non-classic
bicisosterism represented by ring-closing, or anclation, as a
strategy to choose definitions of new lead compounds for
diuretic drugs [42]. These authors working at Merck, Sharp
and Dohme Laboratories, proposed compound 84 as a
bioisostere of 83 (Scheme 22). The structure of 84 was
defined based on the anelation of the phenoxyacetic chain (a)
of 83, which, in turn, arose by thc replacement of the
cthylenone function present in 82 by the thiophene nucleus
of 83, including all four carbon atoms of the replacement of
82, there being a cleer correspondence between the carbons
with sp? hybridization in 82 and B4. This type of anelation
in the ethylenonc chain of 82 hnd been proposed previously
by Thuillier [43-44}, who described the synthesis of 83 as
being an acid equivalent to ctacrinic acid (82) in torms of ity
diuretic properties, while with superior uric properties. In
fact, this last compound represents one of the first examples
of bioisosteres of 82, obtaincd by application of non-classic
bioisosteric strategios. Compound 84, proposed and
synthesized by Hoffinan, presented a profile eomparable to
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