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No. Solicitud Internacional PCT/U$2007/015808
Fecha de Presentacién internacional 10 de julio de 2007

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

1. Documentos estudiados

2. » o .
Descripeion: _ Folios 173-398 04 de febrero de 2008 .
Reivindicaciones: Folios 399-425 04 de febrero de 2008
Prioridad: _ US 60 831 042 14 de julio de 2006

US 60 945 839 24 de enero de 2008
3. Andlisis de la Prioridad
Se acepta la reivindicacion de Prioridad porque;
Esta sollcitud fue presentada dentro del plazo establecide (Art. © D 486),
Y su contenide técnico corresponde con el de Ia prioridad reivindicada.
4. Objeto de la invencién
Titulo de la solicitud: “Triazolil fenil benceno sulfonamidas”
E! problema planteado en esta solicitud consiste en la necesidad de proporcionar
compuestos Utiles como Inhibidores o moduladores de los receptores de las
quimiocinas.
Para resolver este problema técnico Ia solicitud en estudio proporciona un compuesto

de la férmula (I) derivado de Triazolil fenil benceno sulfonamidas 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 249/08; CO7D 401/04; CO7D 403/04; AB1P 29/00; AB1K 31/41;
CO7D 413/04; CO7D 405/12,

5. Excepcidn a la Patentabllidad (Art 20 © 486 literal (d))

El objeto de las reivindicaciones 17-24 no es patentable de acuerdo con el articulo
citado.

6. Do la Solicitud de Patente

Reivindicaciones (Art 30 D 486, Art 22 PCT)

Las reivindicaciones 1-9, 11, 12 no son claras ni concisas cuando utilizan términos
tales como:

» Arilo Cs.90: por el nUmero de variaciones que se pueden obtener.

* Alquile Cq., Alquenilo Cz.g, Alquinilo Cz.g: por el niimero de variaciones que se
pueden obtener.

» Heteroarilo Cs.1p, Heterociclilo Cs.19: porque no definen el nimero y tipo de
hetereatomos presentes en el anillo.

» La expresion "sustituido o no sustituido” es imprecisa, puesto que porque no
limitan el alcance la reivindicacién, ni la definen de manera adecuada, se
sugiere definirla de manera precisa.

Por causa de lo anterior, se obtienen un nimero indefinido de compuestos que no
encuentran soporte en la descripclén, se sugiere al solicitante, definir cada término
de manera apropiada y restringir la solicitud a una generalizacién razonable de los
compuestos ejemplificados en la descripcién:

Para tal efecto, esta Oficina manifiesta que en la descripcién se encuentran
soportados los sigulentes compuestos a los euales el solicitante puesde tener en
cuenta para la respectiva restriccién
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ParaAr | | .1 CD
@ X4 es tertbutilo, CI, ]

Xa,Xa, X5 es h _

‘ParaYdesH,CIF

Para Yoes H, Cl, F, CN

ParaYBes H, F

Para Y7 es H

Para R1 es metil, pirrolidin,

Para R2 es etil, 1,3-oxazol, isopropilmetoxi, 5-metil-1,3-oxazol, dimetilaminometil,
amino, H, metil, isopropil-pirrolidin, tert-butii  1,3-oxazol-5-carboxilato,
tetrahidropinano, clorometil, hidroximetil, metil-aminometil, amida,
metanosulfonilmeti!, pirrolidin, 2-hidroxi-2-metil-propil, hidroxietil, metanosulfeniletil

R1y R2 forman Juntos un anillo pirimidina

Eluso de las expresiones: “son diferentes de hidrégeno” "Y al menos uno” utilizadas
frecuentemente en el capitulo reivindicatorio, son imprecisas y no definen
adecuadamente la materia que se desea proteger. Por lo tanto se sugiere al
solicitante, definir cuéles son los sustituyentes diferentes de Hidrégeno.

La reivindicacién 12 no es clara porque no se define cuaies son los sustituyentes de
R1y R2, Se sugiere definirlos de acuerdo a io soportado en la deseripcion.
7. Determinacion del Estado de la Téenica

El Estado de la Técnica se determiné con base en la fecha de Presentacion de la
Solicitud de Prioridad: 14 de julio de 2007

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

 Itam - Documento - Tituio ‘ Fogha de Publicacién®
' s E A A Heatorogytlic Compounds And Their | . . '
D1 W02005004818 Usa As Anticancer Agents 20ds enero do 2005
, Bioisosterim: a Useful Strategy for o ‘
D2 1 Current medicinal Malecular Modification and Drug 2005
. charistry Design (volume 12, issue 1, page 23-
' ' 48)

D1

hitp://worldwide.espacenet.com/publicationDetails/biblio?CC=WO&NR=2005004818&
KC= &FT-—E&Iocale—en EP

Divulga compuestos heterociclicos que tienen actividad contra el céncer, vy
composiciones farmacéuticas que contienen dichos compuestos, métodos de
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tratamiento de enfermedades y condiciones en los mamiferos utilizando tales
compuestes y composiciones y métodos para su fabricacion.
D2 (folios 555-579)
Bicisosterim: a Useful Strategy for Molecular Modification and Drug Design (volume
12, issue 1, page 23-48) - Current Medicinal Chemistry
Divulga el Bioisosterismo como una practica comun para desarrollar medicamentos, y
modificacién de los mismos. Bloisésteros y clasicos y no cldsicos.
Novedad (Art 16 D486)

La reivindicaclén 1 consiste un compuesto de férmula (1)

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

Caracteristicas esenciales ' M

Y

cat - - d}
f?‘m
M -
oo =
v v

v . o oot
Uncompuestodeformula (h M #\O’ '

Donde Y4-Y7 son M Divulga los compuastos
Ar g8 un grupo benceno ¥ donde X2 se selecciona de CN
_R1 as hldrégano

R2 es un grupo -NR'R® donde R7 es hidrégeno y R8 es un C({ P}F '
128

anille heteroarile de 6-10 mlembros bid
X1y X2sonH, halégeno CN, -OR’

LY

Las caracteristicas esenciales de la composicion de la reivindicacién 1 hablan sido
divulgadas previamente en D1, el cual ensefia compuestos heterocicllcos para el
tratamiento del cancer, mas especificamente los compuestos 127 y 128 (pagina 63y
64), Donde Y4-Y7 son K, Ar es un grupo benceno y donde X; se selecciona de CN,
R1 es hidrégeno, R2 es un grupo donde R7 es hidrégeno y R8 es un anillo
heteroarilo.

En consecuencia, la reivindicacién 1 no es nueva 6 carece de novedad, segun lo
divulgado en el documento D1,

Las reivindicaciones dependientes 2-4 no mencionan alguna caracter(stica que haga

nueva a la composicion de la relvindicacién 1, por lo cual se considera que no son
nuevas.
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Nivel Inventive {Art18 D486)
La reivindicacion 1 consiste en un compuesto de férmula (1)

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

Caracteristicas esenciales bt ' - D2

Revela un compuesto de formula | pivyiga los campuestos
Ar

0% a® |
¥ f}-n' [ W Ensefa que el hicisosierismo de
i la quimi edicinal para ol
e C(;g . quimion mediginal para o

v \ ' disefio racional de nuevos
CY - %’U"‘"‘ medioamantos (introduceion)
(i (0 : exigten biolsosteres clasices y no
' clasgicos {folio 555-579, {odo el
X ﬁ) documento),

El documento D1 se considera el estado de la técnica cercano a Ja invencién definida
en |a reivindicacion 4 perque divulgan compuestos heterociclicos para el tratamiento
del cancer (pagina 2), mas especificamente los compuestos 127 y 128 (pagina 83 y
64), Donde Y4-Y7 son H, Ar es un grupo benceno y donde X, se selecciona de CN,
R1 es hidrégeno, R2 es un grupo donde R7 es hidrégeno y R8 es un anillo
hetaroarilo.

La diferencia entre la invencién, definida en la reivindicacién 1 y el compuesto de D1
congiste en que se presentan compuestos aiternativos a los ensefiadas en D1.

El efecto que logra la diferencia consiste en suministrar compuestos de férmula (1)
diferentes a los presentados en D1, ya que no se establece una ventaja técnica entre
los compuestos de la actual solicitud y los compuestos de férmula 1 de D1
especialmente entre los ejemplos 127 y 128.

Por lo tanto, el Probiema Técnico Objetivo que pretende resolver esta invencion se
puede formular agi: “cdmo presentar compuestos alternativos a los conocidos en
D1 II.

Sin embargo, la utilizacidon de bioisosteros para el disefio racional de nuevos
medicamentos, ya esta divulgada en el documento D2 presenta alternativas de
sustitucién en las moléculas y que permite conservar la actividad (folios 555-579,
paginas 23- 47)

En consecuencia la persona del oficio normalmente versada en la materia, incluiria
las ensefianzas acerca de biocisosterosterismo de D2 variando los radicales v
sustituyentes del compuesto del ejemple 127 y 18 en el compuesto de D1 para llegar
asi al objeto de la reivindicacion 1 de la solicitud. Por lo cual se considera obvia.

Conclusion:
La reivindicacién 1 cumple el requisito de novedad (Art 16), pero no cumple con €l
reqwsno de nivel mventlvo (Art. 18).
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Puesto que las reivindicaciones dependientes 2-4, 5, 10 y 16 no mencionan
caracter(sticas inventivas adicionales tampoco se pueden considerar inventivas.

8. Conclusidn

Los requisitos de Patentabilidad de la presente Solicitud estdn afectados asl:

item Documento ' Raivindicaciones afectadas _ Rogulsito gue afacta
Y " 1-4 B Nevedad
D1 W02005004618 145, 10y 16 Nivel Inventivo
Current medicinal ' T .
D2 chemistry | 1-4, §, 1Qy 18 | . ngl Inventivo

En cumplimiento de! articulo 45 de ia Decisién 486 de la Comisidn de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (60) dias
contados a partir de |la fecha de notificacion de la presente comunicacién. En caso de
no dar respuesta al presente requerimiento, ¢ 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 numeral 5.2, literal e), del
capitulo quinto del titulo primero de la Cireular Unica No. 10 de 2001.

JOSE LUIS SALAZAR LOPEZ
Director de Nuevas Creaciones (C)

El aazn}j%_lrj%lzrequerimiento fue notiflcado por fljacibn en lista, de fecha

L

Elaborado por: Harvey Jaramillo Vergara Ol&u
Revisado Por: Jacgueline Alfonso

Primar Articulo 45- Expedlents 09-10534



Curreni Medicinad Chemistry, 2008, 12, 23-49

Bioisosterism: A Useful Strategy for Molecular Modification and Drug

Design

Lidia Moreira Lima and TFliezer J. Barreiro~

Labararsrio de Avaliagdo e Sintese de Substdncias Bioativas (LASSBio), Faculdade de Farmdeia, Universidude
Federal do Rie v Jancire. CCS, Cidade Universitaria, CP 68.006, 21944-190. Rio de Janeiro. R.J., Brazil

Abstract: This review aim to demonsirate the role of bivisesterism in rational drug design as well as in the
molecular wodification and optimization precess aiming 1o imprave pharmacodynamic and pharmacekinetic

propertics of lcad compounds.

LINTRODUCTION

Bivisosterism is a strategy of Medicinal Chemistry for
the rational design of new drugs, applied with a lead
compound (LCY as a special process of molecular
medification [1]. The LC should be of a completely well
known chemical struerare and possess an equally well
known mechanism of action. if possible a1 the level of
wpagraphie micraction with the receptor. including
snowledge of all of its pharmacophoric group. Furihermore.
the pathways of metabolic mactivaton [2]. as well as the
man determining structural factors of the physicochemical
properties which regulate the hipavailability, and iis side
eltvers, whether divectly or not, should be known so as to
allow for a broud prediction of the definition of the
broisosteric relation to be used.

The suvcess of this strategy in developing new
substances which are therapeutically attractive has observed a
sigmticant growth in distinet therapeutic classes, being
amply used by the pharmaccutical industry to discover new
analogs uf therapentic inmmowvations commercially attractive
{me-roo), aad also as a tool vscful in the molecular
modification.

Fhere may be innumerous reasons for the use of
broisesierism 10 design new drugs, including the necessity
fe improve pharmacological activity, gain selectivily for a
determimed recepror or enzymatic isofurm subtype - with
simalancous reduction of certain adverse effects -, or even
uptimize the pharmacokinetics the LC might presens,

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

2. BACKGROUXND

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

* Audress correspundence to this author at the Laboratdno de Avalingio e
Sintese de Substdncias Bioauvas (LASSBie) Faculdade de Farmacia,
L miversidade Federal do Rio de laneiro. CCS, Cidade Universudria, CP
63006, 21944190, Rie de Janewo. R Brazil. E-mail: efb@pharma.ufij.br

0929867305 SS0.00+.00

isoelectronic, created the concept of isosterism to define
atoms or organic or inorganic molccules which possess the
same number and/ar arrangement of electrons examples:

02 x F- x Ne x Na™ x Mg™?
CIO4 x SO477 x PQy3
N=N & C=0
CO3x NO-
N=N=N 1 N=(=0-

In 1925, Grimm [9] formulated the Hvdride Displacemen
Law, an empiric rule which siates that the addition of a
hydrogen atom with a pair of electrons (i.e. hydride) 10 an
atom, produces a pseudoatom presenting the same physical
properties as those present in the column immediately
behind on the Periodic Table of the Elements for the initial
atom (Fig. 1}. showing that any atom belonging to groups
4A, SA. 6A. TA on the Periodic Table change their
propertics by adding a hydride. becaming isoclectronic
pseudoatoms.

In 1932, Erlenmeyer [10] proposed a broadening of the
term 1sosterism, defining isosteres as clements. molecules or
ions which present the same number of clectrons ar the
valence Ievel. His contrnibution includes the proposition that
elements of the same column on the Periodic Tuble are
isosteres among themselves (e.g. € x Si x Ge) and the
creation of a concept of rings electronically equivalent. later
broadened to the term ring biotsosterism.

The coining of the term bioisoslerism goes back 1o the
pieneer work of Friedman and Thornber during the early
30s. Friedman [11], recognizing the usefulness of the
concept isosferism to design bioactive molecules, defined
bivisosters as compounds which fit the definitions of
isosteres and which exercise their biological acrivity of
bioraceptor, whether through agenist or antagonist actions.
However, Friedman introduced the ierm bicisesterism to
describe the phenomenaon observed between substances
structurally related which presented similar or antagonistic
biological properties [11]. Later. Thornber [3] proposed a
broadening of the term bioisosteres. defining them as sub-
units or groups or molecules which possess physicochemical
properties of similar biological effects.

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

© 2005 Benthum Science Publishers Lid,

)



24 Cwrrent Medivinal Chemistey, 2085, 10l 12, N, ]

56¢

Lima awd Barreiva

Group Group Group Group Group
1A 8A

4A fA 6A

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

form ol broadening chemodiversity (Scheme 1), striking
among which are the classic bimisosteric relation existing
bertween te essential amino acids serine (1) and cysteine {2},
tyrosine (3] and histidine (4) among the pyrimidine and
purine bases cytosine (3} and uracile (8). adenine (7) and
guanine (&) among ithe xanthines caffeine (9 and
theophvline ©10); and among the salicylic {11} and
anthranilic (12) acids. which eriginated rwo important

classes of non-steroid anti-inflammatory drugs, e.g.
acetylsalicylic acid and melenamic acids, respectively.
Furthermare, examples of the application of non-classic
bioisosterism are also found in nature - such as the
bicisosteric relationship existing between y-aminobutyric
acid (GABAY (13y and muscimol (14), between the
neurotrangmittors giutamate (13) and AMPA (16),

G O

(; Q

o S
~NH, \= N NH,
HO -

oy

iZ
3
g

SH N,
1 2
NH, OH

O -
:\,/ !] H‘NH N/ —N\ H»\‘ Y
A T A LD oIy
1 | 3 N

0 ~
i
H
5 6
0 o,
1.C ;
- N L~
)\ | /}
0 N N
i
CH;
0
J’I\ mNH
HO L M2
13 14

Scheme 1.

3 4
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Bivisasterise: A Usefild Strategy for Molvewlor Modification

3. CLASSIFICATION OF BIOISOSTERISM:
CLASSIC AND NON-.CLASSIC

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

Binisnsterism

~ N

Chassie Non-Class ic

+ Fuctionst Groups
aNonLyvelic or Cyelic
« Retroisosterism

o Moue, Dt Tetrasalen
alutlls ar groups
+ Ring Fquivalents

Scheme 2,

Burger's definition significantly broadened this concept,
now denominating these atoms or melecular subunils or
functional groups of the same valence and rings equivalents
as classic hioisosteres. (Table 1), while non-classic
hivisosteres were those which practically did nol {it the
detinittans of the first class (Fable 2).

1 Classic Bioisosteres (Table 1)
1.4 Monovalent atoms or groups
1.2 Divalent atoms or groups
i3 Trivalent atoms or groups
1.4 Tetrasubstituted atoms
A Ring cguivalents
2 Non-Classic Biotsosteres (Table 2)
2 Cyelic vs Noncyelic
Al Functional groups
22 Retroisostersimn
Table 1 Classic Binisostere Groups and Atoms
Menvvulens ivatent Trivalent Terravalent
.-OH. -NH,, -CH,, -OR -CHy- =CH- =C=
K -CL -Br. - 1. -§H. -PH,, -0~ =N- =8i=
-Sis SR -8- =P =N*=
-See =As- =pP7=
“Te- =Sh- =As'=
=5h"=

Many authors have conrributed to updating the 1ables of
funcnienal bioisostere groups. which explains why. in that
which we refer to as non-classic bioisosterism, we have
obzgerved a growing number of bioisosieres described in the
literatire [6-7].

S5SF
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4. BIOISOSTERISM AS A STRATEGY OF
MOLECULAR MODJFICATION ‘

Among the most recent numerous examples used in the
strategy  of  bicisosterism for designing new
pharmacotherapewtically aitractive substances [6-7,13), there
is a signiticant predominance on non-classic bioisosterisn,
distributed in distinet therapeutic categories, be they
selective receptor antagonist or agonist 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 successfulty [6].

The correct use of bioisosterism demands physical.
chemical, electronic and conformational parameters involved
in the planned bioisosteric substitution, carefully analyzed
so as 1o predict, although theoretically, any eveniual
alterations in terms of the pharmacodvnamic and
pharmacokinetic properties which the new bhioisosteric
substance preseuts.

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

a) size, volume and electronic distribution of the atoms
or the considerations on the degree of hybridization,
polarizability, bonding angles and inductive and
mesomeric effects when fitting,

b) degree of lipidic and agueous solubility, so as to
allow prediction of aleration of the physicochemical
propertics such as logP and pKa;

<) chemical reactivity of the functional groups or
binisosteric structural subunits. mainly to predict
significant altcrations in the processes of
biotransformation. including for the cventual
alteration of the toxicity profile relative o the main
metabolites;

d} conformational factors, including the differential
capacity formation of inter- or intramolecular
hydrogen bonds,

4.1. BIOISOSTERISM AND ALTERATIONS OF
PHYSICOCHEMICAL PROPERTIES

Some bivisosteric groups dramaticaily alter the
physicochemical properties of substances and, therefore. their
activities. This can be easily understood by comparing
classic isosteres resuliing from bioisosteric replacement
between hydroxyl (-OH} and amine {~-NH3). an example of
classic bioisosterism of monovalent groups according 1o
Grimm's Rule. In this case. considering the bioisosteric
replacement of aromatic amine present in aniline (18] by
hydroxyl, we have phenol (17) {Scheme 3) resulting in a
significant change in the acid-base properties of isosteres.
with dramatic modification of the pKa of the compounds,
which is responsible for the distinct pharmacokinetic profiles
among the isosieres in quesiion. Furthermore. in terms of
molecular recognition of a given receptor site, we have a
change form one positively charged function (-NH;™).
originating from basic aromatic amine funetion (pKb = 9.30)
by another acid {(pKa = 10,0} present in phenol, which may,
quite probably. abolish the original activity [14]. Thus. in
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Table 2 Non-Classic Binisosteres
-C0)- -CO0OH -S0O,NH, -H -CONH- ~COOR -CONH,
coe-  SOH PO(OH)NH, F NHCO- -ROCO- CSNH, |
i -S(;;- B -tetrazole
-50,5R- -S0,NHR -OH -catechol
-50,NH, -CH,OH
-CON- -3-h)’([l'n:;isu,‘{ﬂ!(ﬂl‘ - -henzimidazele
| -.(“_“((.—-4\.|-m‘_-.2-|ll\'l|”3x_‘g'l.'|'l|'0l'l'lU|It‘5 NHCONH, CH S
] R—Ni—l_ -NH-C8-NH, “CeliyN
CRORy e -CgHlg
RMEN). GOk NH-C(=CHNO,)-NH, LCH NI
SNH-C{=CHCN)-NH,
-h:llidc-.\'- -
o R,
o -UN
I - “N{CNY),
N -CHONY,

this exumple, we may predict that the use of bioisosterism,
even the classic type, can promote severe alterations of
molecular properties, as mueh in terms of lipidic-agueous
selubility as well as chemical reactivity, among others,
wiheeh, broadly speaking. is not observed in the same
homelogue carbome series. Otherwise, the system’s
enzymatic capacity for hepatic detoxification of xenobiotics.
tmolving the micresomal mixed function oxidase also
called cyrochrome P-430 system [14]. is distinct in the
presence of these fumctonal isosteric groups. which does not
allow a simplistic comparison between the lead compound
antline (18} and the hydroxylated isostere (17) in terms of
metabolisim, attering. theretore, the pharmacokinetic phase as
well as the phannacodynaniies of the isosteres.

X

17 18

oo

1

.

CH,
HO :

- N M H
19 1

Scheme 3,

Another classic example of isosteric replacement
involving phenol (PhOH), can be found in the search for
adrenergic derivatives. structurally related (o catecholamines

{Scheme 3) [15]. This exanple illusirates the exchange of
phenolic hydroxyl group present in compound 19 with the
arilsulfonamide unit in compeound 20, through the use of
non-classic bioisosterism of functional groups.

The results obtained, carrying oul bioassays with these
compounds, witncss comparable biological activities
through the mechanism of equivalent action, allowing us to
conclude that both functional groups involved are authentic
bioisosteres.  This  hicisosteric  relationship  was
experimentally cvidenced by determining the degree of
acidity of these substances. Both compounds are of
comparable acidity (pKa = 9.1 and 9.6 respectively),
explaining the similanity of biological profile in function of
equivalent interactions of both molecules with site receptor,
possibly through ionic bonding, in the presence of 4 similur
acidity or even through hydrogen bonding [15].
Furthermore, both acidic groups . i.e. R-PhOH and R-
PhNHSQ2CHjy are. in this case. monovalent groups.
However. the idemified bioisosieric relationship between the
PhQH and PhiNHSQ~CH groups. confinmed for adrenergic
derivatives 19 and 20, is not exiensive 10 other biorecepiors
in which the process of molecular recognition is distinct. An
example of how isostere groups can, in certain systems, not
maintain 2 bioisosteric relationship, previously defined in
another bioreceptor. is well illusirated with the analyses of
21 and 22, described by McCurdy and coworkers { Scheme 4)
£16]. The structural design of 3-sulfonamido compound 22,
targeting the attainment of new bonds for opioid receptors.
was based on the structural data of lead compound 21, which
point to the relevance of phenolic hydroxyl as site of
molecular recognition. This way, the replacement OH by the
NHSO;CH3 group would respect the acidic properties and
the characteristics donor and/or acceptor H-bonds as
evidenced by the previous work of Larsen and Lish (1964).
Nonetheless. the determination of the pharmacological
properties of arilsullonamide derivative 22, evidenced the
absence of affinity by the opioid receptors. éir virre models.
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mdicating that in this system the groups PhOH and
PhNHSO-CH; are not bivisosteres, despite their grear
structural similarity,

0
Q*!’N‘n
i

i,

=
-

Scheme 4.

Thus. when bieisosteric replacement occurs in functional
groups involved in the pharmacophore subunit of a cerain
higactive substance, the relative activity of the resulting
compounds may be dramatically modified, However,
Maisoxtieric replucement which successfully eccurs in a
series of compounds acting as a wpe af bivrecepror, will
not necessarily be successful in another thevapeutic series.
acring thrangh other recepionrs.

n

. CLASSIC BIGISOSTERISM

5.1, Bioisosrerism of Mono-. Di-, I'ri- and Tetravalent
Atoms or Groups

M the search for new anti-hypertensive drugs analogous
to clonidine (23}, with a greater selectivity by T} imidazoline
receptors (1 R) and reduced action on ga-adrenoceptors,
Schann and coworkers deseribed the attainment of new
candidates for anti-hypertensive drugs designed by molecular
modifications in the struciure of ihe lcad compound
rilmenidine (24} (Scheme 5) [17]. These modifications were
based ou classic bieisosterism of bivalent groups,

Scheme 5.

Current Medicinal Chemistry, 2085, Vol 12, Na. | 27 553

exemplified by replacement of the bivalent oxygen atom (O}
present in the oxazoline ring, by the methylene eroup (CHa).
m the structure of the new pyrroline derivative (25); and
between replacement of monovalent groups illusirated by the
substitution of hydrogen atoms (H) in C-4 and C-5 of
derivative (25) by the methyl group (CH3), originating the
cis/trans-4,5-dimethyl homologue 26 [17]. The hinding
tests with [\ R and oy-adrenoceprors evidence that the
modifications occurring in the structure of rilmenidine (24),
allow the attainment of derivaiives with affinities
comparable to lead compound (24). although with a superior
selectivily for 1\R . and iltustrated an example of the success
of classic binisosterism.

To develop new HIV-protease intibitors. Rocheblave and
coworkers described the bicisosteric exchange between
bivalent groups {Scheme 6), realizing the exchange of the
methylene group {CHy) present in the structure of the lead
compound amprenavir {273, for the sulfur atom (S) in 28
[18]. Knowing. « priori. that this isosteric replacemem
could induce several modifications in terms of size. shape.
electronic distribwtion. chemical reactivity. lipophiticity and
hydrogen bonding capacity. this new jsosier was
synthesized. and its stereoisomeres were duely separated by
HPLC and tested as recombinant HIV protease inhibiors.
The resulis obtained revealed that the lour diastereoisomers
tested were only weak inhibitors of recombmam HIV
protease, while the diastereoisomer (28a), of the same
absolute configuration as the lead compound amprenavir
(27}, being cre, 1400 less potent than 27, These results could
be explained by the high sensitivity to hydrolysis of thio-
isoster 28a-d. Tn fact. the half-life value found for
thiophenoxy derivative 28a-d was 10 min, while amprenavir
(27} was recovered unchanged after 1440 min.

Another illustration of the applicaion of classic
bigisosterism can be feund in the works of Penning and
coworkers (Scheme 7) [19). Continuing the rescarch 1o find
new anti-inflammatory drugs acting through the seleerive
inhibition of prostagiandin-H synthase-2 (PGHS-2) or
cyclooxygenase-2 (COX-2), the authors investigated the

cis/ Irans

26
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7 NH:

Scheme 6,

cifect of isosieric modifications on the structure of lead
compound SC-38125 {29}, 10 improve its pharmocokinetic
properties. In spite of the high rate of selectivity by PGHS-2
(S[= 1000) and good inhibitory potential. the derivative SC-
IN125 (29) exhibited a hali-life of over 200 I, thus reflecting
i1s (0w susceptibility in the presence of the complex enzyme
involved in the hepatic metabolism of xenobiotics. Hence,
the authors suggested two classic binisosteric monovalent
group replacememis. represenied by replacing the methy)
group. (Cifz) by the NIT> group and exchanging the Nuorine
atam (F) with the Clty group {Scheme 7). Both isosleric
replacements suggested allow introducing into the structure
ot the new broisostere of SC-38125, vulnerable soft
metibulic sites taking advantage of the cffect of the first
passage through reactions of conjugation with glucuronic
acid and the benzyvhic hydroxvlation catalvzed by CYP450,
respectively. his new biotsostere optimized by SC-58123,
ie. celecoxth (301 of o halfulife of from 8-12 h, was
introduced on the Brazihian market in 1999 by Plizer/Searle
Laborateries to treat rheumatoid arthrits and other
inflammaiory conditions. being the first non-steroidal anti-
inflammnatory drug (NSALD) acting schecrively upon the
inducible isofonmn prostaglandin-H synihase (ie.. PGHS-2)
and. therefore. withour the Iritating gasmic effects typical of
the {irst generarion NSAIDs |20,

oH CH

Scheme 8.
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Scheme 7.

The design of dichloroisoproterenol (32) {from
isoproterenol (31} s, without a doubt, an unique example of
the contribution of the application of bimsosterism tn
optimize pharmacedynamic and pharmacokinctic propertics
of ncw drugs (Scheme 8). The replacement of catecholic
hydroxyls. present in 1soproterenol (313, by the monovalent
chloro (C1 group in the structure of dichloroisoproterenot
{32), represented a uscful straicgy to obtain new analogs
with half-lives greater than the lead compound 21, since this
bioisosteric replacement ullows blacking one of she anain
sites of metabolism of this catecholamine derivative.
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Scheme 9.

Furthermore. the discovery of dichloroisoproterenol (323,
made feasible the comprehension of the relevance aof
structural characleristics ol the catecholic subunit for
adrenergic activity. allowing a posterior the discovery of
pronethalol (331, the {irst selecuive antagonist for adrenergic
recepiers [or subtype B. Pronethalal{33), discontinued during
the 1980s. was the precursor of propranclal (33a), a
therapeutic mnovation which revolutionized the treatment for
hypertension. Yhe discoverer, S James Black. received the
Nobel Prize in Medicine for this feat and his discovery was
the lead compound for innumerous other more selective
adrenergic 1 antagonists,

Scheme 10.

The bloisosteric replacement of the bivalent oxygen {Q)
atom by sulfur (8) resulis in a significant alteration in
fipophilicity. and may be used in the design of new drugs to
act upon the central nervous system {(CNS), Van Vliete and
coworkers (Scheme 9). in their search for selective agonists
of dopaminergic receptors, subtype 3 (1), molecular targes
for the design of anti-psychotic drugs, realized modifications
in the hexahvdronaphthoxazine system present in lead
compound 36. an analog conformationally restricted to
dopamine {34), of high porency and low selectivity [21],
These structural maditications, based on the bioisosteric
evchange of the methylene (CHaY group in 37, by oxvgen
{03 and sultur ($) atoms o compounds 38 and 39,
respectively, allow identification of two new dopamine
analogs. The coetficient of partition of thio-isostere (39. lag
D+ 1.62) compared 1o osa-isostere {38, log D= 1,13),
showed 2 significant increase in lipophilicity. a tvpical
consequence ol the bioisosieric replacememt carried out.
However. the determination of selectivity by 1he different
subtypes of dopaminergic recepoars. assayed by the binding
fesi, leads us to believes in an inverse relationship berween

the increase in lipophilicity and the selectivity desired by the
D; receptors.

To understand the contributions of 4-aminoquinoline
subunit present in the structure of ihe first generation
antimalarial chloroquine {(CLQ, 40), Cheruku and coworkers
described the atiainment and delermination of the
pharmacological profile of modilied analogs of CLQ
(Scheme 10) [22]. In ihis study, the authors carried out the
classic broisosteric exchange of NH (a: NH-anilinicy and N
(b. N-gquinolinic) with the CHy and C! groups in the
structure of compounds 41 and 42, respectively. observing
the loss of antimaiaral activity in the presence of the

CH; CH:
r ’ CH: (
. . H ' -
No_CHs ~ N CH;
21
.......... gt = | ~x
Cl = CH
b
42

modifications realized. Carbo-isosteres 41 and 42 were
inactive due to the inhibition of Plasmadium falciparum NK
54 or K| strains. even in concentrations over 3000 nM
{(CLQ, 1Csp= 8,5 and 150 nM, respectively). and also
proved to be unable to inhibit the formation of hemozoine

o] Q
H\N | CH; H‘.‘- | CH
())\N OJ\.\'
HO H(Y
( Lol 0

AZT, 43 34

Scheme 11,
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(CLO 1Csg- SO UM 41 ICsp= 1300 1M; 42 1Cse= >2500
uM). Hence. the isosteric modifications realized reinforced
the hypothesis of the importance of N-quinolinic interaction
process with hematine, the molecular target of antimalarial
action of 4-aminoquinoline drugs,

Scheme 12,

Zidovudine (AZT, 43). an important chemotherapeutic
resource available for the treatment of acquired human
immunodeficiency syndrome, was discovered from the
properties identified in nucleosides isolated from seaweed.
The structural analysis of AZT (43). a powerful inhibitor of
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Fig. (2). Examples af ring bwoisostensnt between drugs belonging 10 different therapeusic classes.
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transcriplase reverse enzyme. enables us te ascertain the
existence of a ¢lassic bioisosteric relationship of meonovalent
groups between ibe nucleoside thymine (44) (endogenous
substrate for the synthesis of DNA and RNA) and AZT,
exemplified by the presence of the hydroxyl (OH) unit in 44
and azido (N3) group present in 43 (Scheme 11) (23]
Furthermore, although classic monovalent isosteres, the OH
and Nz groups possess dramarie electronic differences, easily
demonstrated by simple funcrional analysis,

Although applicability of the strategy of molecular
modification of 2 given lead compound ithrough
bipisosterism is well consolidated in the pharmaceutical
industry. recent studies by Tacke and coworkers (Scheme 12)
shows that this approach may be used efficiently to optimize
the organoleptic propertics of compounds used in fragrances
of industrial intgrest [24]. In this study, the application of
classic bioisosterism of tetrasubstituted atoms, illustrated by
exchange of the carbon atom {C), present in the structure of
majantol (45). by silicon atoms (S1) and germanium (Ge) in
46 and 7. respectively. allows the identification ol new
standards of tragrances of synthetic origin. Although this
isosteric exchange s rare v drugs, the modification of
molecular volume by (he substitwtion € x Si x Ge.
nroducing bioisosteres 45, 46 and 47, results in
contermativnal and elecirone similarities evidenced by
diffraction and X-ray studies and the determination of
electrostatic potential through the Program GAUSSIAN 98.

More recently Showell und Mills reported that one of the
advantages of classic bioisosterism  application of
wirasubstituted atoms invalving the replacement of the
carbon atom {C) by the silicon {Si) atom in the structure of
existing drugs. basced on the possibility of designing new
drug-like candidaics that have heneficial biological propertics
and o clear intellectual property position [25]. In fact,
according 1o Steele. in 2001, less than 1% of patent
applivarions related to compounds containing phosphorous,
silicon or ather less common elements of the periodic table
[P60 However, although this may scem uttractive, the
differences in atomic size. electronegativity and lipophilicity
between € and St atoms. associated with the instability of
Si-H bonds. in physiological conditions prove the
apphcability of isosteric exchange € x Si in the structure of
new drugs to be quite limited [25].

S63
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5.2. Ring Bicisosteres

Ring bicisosterism, is undoubtedly the most frequent
relationship in drugs of different therapeuwtic classes [8]. as
can be seen in (Fig. 2, and certain specific examples will be
commenied upon.

In 1973, Campaigne and coworkers synthesized
compound 43 [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 tindings on the probable classic
bicisesteric relationship existing between the benzisoxazole
and indole rings present in 48 and 49, respectively. The
results of these pharmacological assavs sliowed that
compound 48 presented no type of serotoninomimetic
activity, not even anti-scrotonin, when tested on rat uterus
preparations. In contrast, derivative 50. presenting the same
benzisoxazole nucleus in replacing the indole ring of 51,
showed activity when tested with suhstrate for serotonin
decarboxilase enzyme, dependent on 5-hvdroxymryptophane
31 (Scheme 13), an indolic compound which is the natural
subsirate of the enzyme involved in seratonin biosynthesis.
This example highlights the bicisosteric relationship
exisling belween the benzisoxazole rings and the indole
nuclens in 30 and 51, respecuvely, depending on ihe
receplor stte involved,

NH:
WNH;
. HO R
HOL o~ {7 . - AN
, B
N NH
0
48, R=H 49.R=H
50, R=CO,H 81, R=COH

Scheme 13,

Applying classic bioisosterism in the design of new
serotonin receptor {5-HT3) antagonists Fludzinski wnd
coworkers {Scheme 14) described the obtention of new
indazolyl compounds 62 and 63 with important antagenistic
properties of receptor 3-HT5 [28]. These two substances were
developed as bioisosteres of 64. a compound which
possesses as main structural characteristic the hvbrid

o CHy .
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Scheme 14,
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character between serotonin (49}, represented by the indole
ring subsiinued in C-3. and cocaine (65}, represented by the
nature of the substituent in C-3. a known antagonist of
receptors 5-HT3 [29]. The binisosleric relationship of these
w0 nuelel was proven. In this case. by the results obtained
in hinassays which showed tor 62 a rate of selectivity by the
receplors 3-11T; superior to that of 64, when administered
mtravenously as well as orally, showing that the indazole
and indole moieties. when substiteled equivalently,
possessing the same electronic properties and the same
standard of aromateity, may be considered bioeguivalent at
the Tevel of interactions with the same receptor. However,
compound 62 showed g profite of activity superior to 63,
admimstered poo. tindicaung that the amidic bond present in
cham 62 s responsible for a more favorable oral
bioavailability |

The application of ring bkioisosterism was also
suceessfully explored by Binder and coworkers (Scheme 15)
[30] in developing new non-stereid anti-inflanumatory agents
of the oxican group [31]. This class of NSAID was
discovered by Lombardine and collaborators [321. ar Pfizer
Laboratories in Cngland. piroxican 66 being the main
representative of this class of 1,1-dioxibenzene-1.2-thiazine
(BTAY svnthetics.

Applying the swrategy of ring bioisosterism. Binder
proposed tenoxican 67, the newest member of the class of
arviibiazine-1.1-dioxides. where the benzothiazinic nucleus

of 66 was replaced by the thienothiazinic moiety (Scheme
13} [30]. This example represents the bisisosteric
relationship existing hetween aromatic heterocvelic rings and
the phenyl group. The profile of pharmacotherapeutic
activity of 67 proved Lo be comparable to thai of 6. being
able to be administered in single daily doses of 20 me.
because of s loug plasmatic half-life. a desirable quality for
cases of arthritis as well as osteoarthritis. Both derivatives
act by he same mechanism of acton, at the same receptor
level. i.e. cyclooxygenase, an enzyme invelved in
arachidonic acid metabalism. Tt ts noteworthy that other ring
bioisosteres at the structural subunit level represented by the
BTA nucleus may possess the same phramacotherapeutic
profile as 66 and 67 i¢f.68) [33]. being differentiated from
other hioisosteres developed by structural alierations in the
heteroaromatic ring. present in the carboxamide unit, whosc
representative is isoxican 69. which posscsses 5-
methylisoxazole ring as equivalent of the pyridine ring
present in compounds 66 and 67 (Scheme 18). This
derivative was recently taken off the market duc to the
dermatelogic reaciions it provoked.

The similarity between the physicochemical propertics of
the benzene (PE = 80 °C) and thiophene (PE- 84 °C) rings
is well fundamented and was used to create the concept of
ring bioisosterism or ring equivalents. However. the
exchange of the phenyl ring by the thiophene ring in the
structure of bicyclic derivatives, should be carried out
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Scheme 16,
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considering ithe possible regioisomeres involved in this
replacement. Studies by Blair and coworkers have illustrated
very well this type of replacement, in which ihe phenyt ring
of the indalic nucleus, present in the structure of lead
compound. N M-dimethyliryptamine (70) was replaced by
the thiophene ring. giving rise o the isomeric systems
thieno[3.2-blpyrrole (713 thieno[2.3-b]pyrrole (723,
thieno[4.3-A]pyrrole {73) {Scheme 16) [34]. However, the
resulis described by these authors show that with the
excephion of the thieno[4,3-k]pyrrole system (73), of
unstable and difficult preparation. the other heterocyelic
puemeric systems are authentic bioisosteres of the indole
ring. presenting affinity and scleetivity by the scrotonin
receptors similar o lead compound 70,

Concerning the nen-steroid anti-inflammatory drugs
(NSATDsY Almansa and coworkers {Scheme 173 [35]
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described the existing bioisosteric relationship between ihe
pyrazolo and pyrazolo[l.3-a]pyrimidine rings present in
compounds 30 and 74, respectively. The exchange of the
pyrazolic ring, present in celecoxib (30), by the
pyrazolof},5-a]pyrimidine sysiem in 74. resulted in an
optimizaton of the pharmacodynamic properties of 30,
although it compromised its oral biocavailability .

The use of ring bioisosterisin may serve far designing
congeneric series of lead compound candidates lor new
drugs. in view of the detailed study of the distinet
hydrophabic contributions resulting from rings equivalents,
This strategy has revealed itself as a fundamental tocl in
designing new me-roo drugs, i.e. therapeutic copy (vide
Figure 2). Tn a recent study, Barrcire and coworkers
described the application of ring bioisosterisim for designing
functionalized N-acylhydrazone (NAH) derivatives {Scheme
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18) |36]. in an effort to correlate the alterations found in the
profile of ant-plateler. analgesic and anti-inflammatory
activities. of each new hetero-aromatic system studied, with
its respective electranic characteristics.

More recently, Barrgiro and coworkers (Scheme 19)
described she attainment of new selective acetylcholinesterase
{ACRKE) inhibitors designed by modifications in the structure
of the lead compound tacrine {76) [37]. These modifications
allow for identification of a new bicisosieric relationship
existing between the quinoline nuclei in 76 and pyrazolo-
pyridine in 77. which have shown a similar inhibitory
capacity for rat brain cholinesterases.
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Scheme 19,

In the ficld ol antidepressives., bioisosteric ring
replacement of a determined lead compound also permits the
discovery of new ageuls of therapeuiic interest. In 1983,
Watthey and cowaerkers developed, at Ciba-Geigy
Laborateries. compound 79 as a bioisoster of mianserine 78
iScheme 200 [38]. As principal stuctural characteristic. this
substance possesses the thiophenic ring integrated 1o the
cyclic unit of this representative of atypical antidepressive
agents, which act as serotonin receptors (5-111) antagonists
{29]. Once again, this example itlustrates the cquivalency of
the benzene and thiophene rings. in distinet pharmacological
activitics. allowing for a generalization on e hioisosteric
relstionship between heteroeyelic nuelei of five atoms and
benzene ring [40].

R
./ | \ S
N N N
- K/
K’:\. l'\'\
A .
78 CHs 79 CHy
Scheme 20,
)
ZEEN
:\S'CH} i
B N
T
)
o)
I Cl L CH
X a }
1 ]
DS GNP
_\"
CH- o
80

Scheme 21,

Sé¢

Lima and Burreive

The recognition of the importance of bradykinin in the
pracesses of pain. inflanunation. rhinitis and hypertension,
has shown the relevance of bradykinin receptors as a new
targei for iherapeuric ilatervention. Although many
bradykinin receptors antagonists have been described in the
literature, its peptidic characteristics have limited iis
therapeutic applications. Seeking non-peptidic bradvkinin
receprors antagonists, Abe and coworkers described the
attainment of 2-methylimidazo[l.2-alpyridine derivatives.
highlighting the derivative FR167344 as lead compound
{80) (Scheme 21) [41]. Later. these authors proposed the
bioisosteric exchange of 2-methylimidazo[1,2-alpyridine
ring. present in compound 80, by the 2-methylquinoline
subunit, identifying the new derivative FR175657 (81). as a
potent bradykinin receptors antagonists of non-peptidic
structure.

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

In the category of diuretic substances ol (he
phenoxyacetic class, in which etacrinic acid 82 is the main
represeniative, we have found innumerous examples of the
use of non-classic bioisosterism in the discovery of new
drugs. To develop new diuretic subsiances. with uric activily
sugerior to 82, Hoffman and coworkers applied non-classic
bioisosterism represented by ring-closing, or anelation, as a
strategy to choose definitions of new lead compounds for
diuretic drugs [42]. These authors working at Merck, Sharp
and Dohme Laberatories. proposed compound 84 as a
biaisostcre of 83 (Scheme 223, The structure of 84 was
defined based on the anclation of the phenoxvacetic chain (a)
of 83. which. in turn, arose by the replacement of the
cthylenone function present in 82 by the thiophene nucleus
of 33, including all four varbon atoms of the replacement of
S82. ihere bemng a clear comrespondence between the carbons
with sp® hybridization in 82 and 84. This type of anclation
in the ethylenone chain of 82 had been proposcd previously
by Thuillier [43-44). who described the synthesis of 83 as
being an acid equivalent to etacrinic acid (82) in terms of its
diuretic properties, while with superior uric properties. In
fact. this last compound represents one of the first examiples
of binisosteres of 82, obtained by application of non-classic
bicisosteric strategies. Compound 84, proposed and
synthesized by Hoffiman, presented a profile comparable (o
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A3, its une potential being even greater. Furthermore, the
introduction of the thiophene ring in 83 to replace the
ethyienone subunit of 82. eliminates Michae!'s acceplor site
present in the structure of elacrinic acid (82). responsible for
the hepatotoxic elfects of this drug,

Sl on the subject of diuretics related to eracrinic acid
{82}, Shutske and voworkers later deveioped the synthesis of
new aryl-benzisoxazolyioxyacetic acids (e.¢.. §3) {45, based
on the probable bicisosteric relationship existing berween
the aryl-benzisoxazole unit and the 2-acyl-thiophenyl moicty
preseat i acid 83 [46] (Scheme 22). This illustrative
cxumple is sufficient to show the potential of the strategy of
non-classic bieisosierism for designing molecuiar
wadifications in substances of pharmacological imerest,

Shutske and coworkers successfully explored the
possibitity of integriuting the thiophenacyl group of 83 into
enc aryl-benzisexazele nucleus, respecting the basic
pharmacophore of this class of agents. so as to assurc. at
least theorericaliyv. an action through a similar mechanism.
t e through molecular recognition by the same site receptor.
fn this example. the authers introduced a factor of
conformational restriction in 83, typical of non-classic
biowsosterism of the cflosing ring tvpe. Later. the same
authors {47] used classic bioisosteric ring to design
structuralty new heteroevelic diuretic compounds from 83,
possessing. now, the indazote ring in 87 and benzisothiazole
in RO (Scheme 23).

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

CH:

HO

Scheme 24,

S67
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is represented by the discovery of the estregenic properties of
trans-diethylstilbestrol 88 [48], illustrating the application
of non-classic ring opening bioisosterismy. This example
shows thal the molecular design of 89 could be carried oul
from the opening of rings B and C of the sleraidal skeleion
of estradiot 88 (Scheme 24). [However. in analogy to what
was observed for estradiol (88), the activity of §9 is
dependent on the configurational aspects. such that, the
diastercoisomer E presents an estrogen profile significanily
supcrior to the diastereoisomer Z, with reduced estrogen
activity also being observed for the dihvdrogenated
compound 90 (Scheme 24).

BS.X =0 \
86, X =5 X
87, X =NH

Scheme 23,

Another example of the application of non-classic
bioisosterisiu can be illustrated by the discovery in 1957 of
lidocaice 92 from mepivacaine 91 (Scheme 25). contribuling
ie the design of the important anesthelic agent with
predominant antiarthythmic properties, identified «
posteriori,

Exploring the bioisosteric relationship between the
benzoyl and benzisoxazole groups. Strupczewski and
coworkers of Hoechst-Roussell Laboratories [49]. developed
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a new series of neuroleptic compounds of series 4-
benzoyipiperidine, in which 93 {(HP-291) is one of the main
representatives. This substance is structurally related to
aaloperidol 94, the main representative of the
butirophenones. a class of neuroleptics discovered by
Janssen (30], iy which, conceplually, the C-2, C-3 and C-4
carbon atoms of the buiirgphenone chain of 93 are contained
in the piperidine moiety of 93, thus representing, a non-
classic bioisostere of 94 (Scheme 26), These authors further
developed compound 93, in which a benzisoxazole nucleus
bigisostertcally replaces the 4-benzoyl moiety. represented
by the 4-tfluorebenzov] unit in 93,

CHy

L CH;

CH. N
. CH, H k.\'/\CH;
Sy
------- -
O ST >
{H,
91 CHy g2

Scheme 25,

Iin the class ol non-steroid anti-inflammatory drugs
(NSAIDs) ather examples were found of the use of e
strategy of cyclic non-classical bioisosierism. In 1987,
Muchowsky and coworkers [517, developed the systhesis of
a new NSATD called cetroplac {(100), designed from the
cyelic non-classical bicisosterism strategy, exploring the
ring closing between the acetic acid unit and the N-CHj
moicty of Tead compound tohmetin (99) (Scheme 27) [52], a
well known NSATD of the heteroarylacetic acid class [33].
Folmetin (993, in turn, was developed by molecular
muoditication of the indomethacin structure 96, an important
representative of the 3-indolylacetic acid class with anti-
mlammatory propertics developed by Shen and coworkers at
Merck, Shirp and Dolhime Laboratories in 1962 [34],
applvimg the inverse principle, Lo noneyelic nonclassical
bioisosteric replacement.
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Scheme 26.

In tolmetin (99) the indole subunit of indomethacin was
replaced hy the pyrrole ring carrving the benvovl unit in €-2,

Lima and Burreiro 5 6

as the bioequivalent of the pera-chlorobenzovl subunic of
96. This same approach was taken by Carlson developing
zomepirac (97) (Scheme 27)[33], another NSA] agent of the
pyrrole-2-acetic acid class. This compound is an analog of
99, presenting as the only stuctural difference the presence
of the methyl group in C-3, and may, theretore, be
considered a homolog of 99,

H:CO

Scheme 27,

In 1973, Carlson and Wong demonstrated  that
homologation of the acctic chain of 97 leads to 4 new anti-
inflammaiory dertvative, o-mcthylbenzene acetic acid 98
{Scheme 28). belonging to the propionic acid series. a class
landed by Shea [55], in the light of swudies on the
relationship between the chemical structure of aryl and
heteroarylacetic derivatives. as presenting a profile of anti-
inflammatory properties greater then those of the acetic
series, Substance 98, in fact, was seen to possess anti-
inflammatory properties greater than 99 and was even able 10
reduce adverse effects on the gastrointestinal {ract,
corraborating the previous observations made by Shen.

Considering this data, we may observe that compound
100, belonging to the S-acyl-1, 2-dihydro-3H-pyrrol-(1.2-a)-
pyrrolyl carboxylic acid family, represents. at the same time,
a bioisostere of 99 and 97 (Scheme 27). by anelution of the
main pharmacophore unit of this family and is a new lead
compound of the NSAIDs.

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

A supplementary example of bioisosterism. may be
found in the work by Amett and cowerkers [537]. These
authors developed the synthesis of compound 105, exploring
the hioisosteric velationship existing between the
benzimidazole rings and catechol subunit {Scheme 29),
based on isoproterenol 104, a compound with B-adrenergic
activity, Compound 105 proved 1o be a bioisostere of 104,
presenting a pharmacoiogical profile comparable to this level
ol B-adrenoceptors. in this case it is important to point out
that the tauiomerisin of the benzimidazole ring present in
105, mimies. with a single proton, the catecholic group
present i 104,

1IH H
0 N CH;
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0 ' EEREEE
I
H

104

Scheme 29.

In a simifar context, Barreiro and coworkers described the
non-classic bieisosteric relationship between the indanone
ring. present in the siruciure of the prototype flusolide (106)
and benzodioxole unir present in compound 107 {Scheme
30) 38,88). The results obtained tfrom this study allow us to
identify a new molecular standard of prostaglandin H-

n\\ /fo

.

N7

104y

Scheme 30,

svnthase-2 (PGHS-2) inhibitors. as well as to demonstrate
the electronic similarities existing between the indanone and
benzodioxole rings. suggesting similar profiles of
supramolecular interaction with the enzyme invalved in the
pharmacological response of the flusolide and the derivative
LASSBio 341 (107). possessing the benzodioxole moiety
from safrole, an abundant natural alilbenzene present in
Piper spp and Ocotea spp.

Leflunomide (108), an isoxazote immuposuppressor drug
that can prevent antibody-mediates rejection in heart
xenotransplantation, is a pro-drug metabolized in vrvo in its
aclive metabolile hydroxycyanopropenamide (109). In this
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way. knowledge of the physical, chemical. conformational
and cenfigurational characteristics of this metabolite are
essential 1o lead 1o the design of new immunosuppressive
drugs. acting through mechanisms of action common to
leflunomide {108). Among the conformational and
configurational possibilities, relative to the ¢,B-unsaturated
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carbony! svsiem, referring o the double bond geometry,
possible tor the funcuionalized hydroxyeyanopropenamide
{109). the S-eiy conformer (109B) and Z-configuration
derivative (109B1). were found in X-ray crystallography
studies (Scheme 31). The presence ol this single
dinsterevisomer might be due to the stabililization from the
fuormation of intramalecular hydrogen bonds involving
hydrogen in the enolic system with the oxigen of amide
funcuion €391, In an effort to corroborate with this
experimental evidence. and to corelate it with the eventual
boactive conformation of hydroxycyanopropenamide {109),
Mapageorgiou and coworkers proposed modifications in the
structure of metabalite 1098 and 1098, applying non-
classic strategies of ring closing hioisosterism (Scheme 32).
In this study it was possible to design twa novel pyrazoles
analogs {110 and 111) conformationaily restricted which
mimic  the  diastercoisomeres K and £ of
hydroxveyanopropenamide (109). The pharmucological
results obrained with compounds 110 and 117 demonstrated
that ondy dertvative 110, whose structure was equivaleni ro
diastercoisomer Z of 109 was active in ihe bioassavs
realized. Furthermore. X-rav srudies carried ow with the
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H

Léimet und Burreire

Yok F
. v F
s-trans C. ¥ [ |
CH: 109 A 1098
F
v U F
- F
Hig
9y
. N
HyC H 1098,
W
N

pyrazole derivative 110 demonstrated the exisience ol a
single tavtomer relative o the pyrazole ring. evidencing the
similarity of the spatial arrangement between compounds
109 (B1) and 110. In summary, this study allowed for
identification of a new bivisosteric relationship between the
pyragole ring and the hydrexycyanopropenanide subunit. as
well as validating the elucidation of the bioactive
conformation of the active metabolite of leflunomide (108).

It is important to point out that the greatest
conformational restriction ever reached by way of 2 anclation
process may annul the possibulity that the newly derived
mielecule adopt the bioactive conformation necessary for its
molecular recognition by a determined bioreceptor, resulting
in the loss of activity when compared to the acyclic lead
compound. This concept may be well illustrated by the
works of Macchia and coworkers who described the
attainment of piperidinel (DDP3, 113) from noradrenaline
{112) (5cheme 33}, applying ihe strategy of anclanon or ring
closing [60]. In this study. the authors observed an
expressive loss of affinity by the oy and o;-adrenocepiors
observed for the DDP2 derivadive (113), attributed to the
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process of anelation of 2-hvdroxyethylamine subunit,
commen to noradrenaline (112).
OH

. OH
NH. : :
: N ~H

y [,
He HO

112 OH
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Scheme 33,

The molecular design ot naratriptan (115) from the lead
compound sumatriptan (114) (Scheme 34), the first agonist
of serotonin receptors of subtype SHT 3.1p commercialized
for the ireatment of migraine, illustrates how an increase in
molecular volume from a ring process may be explored as a
subterfuge of metaboiic protection, 1o obtain new lead
compounds with more appropriate halt-ves [61]. In fact. ihe
introduction ol the hexahydropyridine ring in the naratriptan
structure {115) resulted in protection. by steric biocking. of
carbon ¢-amine from oxidative actions of hepatic
metabolism, which act as an analog of monoamine oxidases
(like MAO). producing the carrespandent indolyl-acetic acid
dernvative.
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Scheme 34,

6.2, Non-Classic Bioisosterism of Functional Groups

The tandmark of the recognition of the importance of the
bioisosterism of functional groups is the discovery of the
antibacteriat properties of sulfanilamide (117). Sulfanijamide
(Li7). an active metabolite of Pronmiosil® {62],
revolutionized chemotherapy during the 30s and the later
elucidation of its mechanism of molecutar action allowed
evidence of the similarity of its structure with para-
aminebenrzoic acid (PABA. 116). These similarities, based
on electronic and conformational aspects. as well as the
physicochemical propetties such as pKa and log P. denote an
authentic bioisosteric relationship existing between the
sulfonamide (SONH7) and carboxylic acid functionalities
(COsHY [63] (Scheme 35).

Diverse functional groups are known lor their bioisosteric
relationships with the carboxylate group. Some examples of
the biaisosteric replacement ol —=COQI! by a tetrazole group

Currenr Medicinal Chemistry, 2005, Vol 2. No. T 29 5‘ ?/

are known [64]. An illustrative example is described in the
synthesis of 118, a tetrazole bioisostere of y-aminobutyric
acid (GABA. 13), which presents important selective
inhibitory properties of GABA-transaninase (GABA-T)
{Scheme 36) [65] presenting a potential pharmacotherapeutic
application as an anticonvulsant agent.
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Scheme 35,

The tetrazole group mimics the carboxylale group,
principally in teyms of its physicochemical propesties related
10 acidity, although the former be more siable and
lipophilic. These differences allows this bioisostere to
present a greater possibility of overcoming the blood-brain-
barrier. with the type of tropism favorable 10 the desired
aclivily.
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Scheme 36,

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

Derivatives possessing a hydroxamic-acid instcad of a
carboxylic acid function have been developed as carboxvlate
bioisosteres. Among other examples, compounds with anti-
allergic properties presenting this function have been
synthesized [67-68]. While in certain cases the metabolic
lability of -CONHOH fuuction, has been demonsirated.
which would merely characlerize a pro-drug eflect [69],
hydroxamic derivalive 121 (Scheme 38}, designed by
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modifications in indomethacin (96). has proved to be
metaboheally stable. evidencing the non-classic bioisosteric
relationship exisiing between rthese two groups (CO-H x
CONHOM).

H
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Scheme 38.

The discovery of oxalolresiat 123 [70]. designed as a
classic hicisostere ol tolrestat 122 (Scheme 39). a porem
aldose reductase inhibitor [71]. illustrates the non-classic
hinisosteric relanonship bewween the functional groups
tuoamide (CS-NIH-) and amide (CO-NH-).

COnH
o .f"
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Y CH;

COH

use 10 reat complications ansing from diabetes, may also
illustrate the clussic bioisosteric relationship between the
monovalent groups -OMe (122) and —=SMe (123), Significant
differences as to the metabolism of these molecules may be
expected. however. in view of the possibility that sulfur
undergoes specific metabolic oxidation.

Other common examples of amide function bioisosteres
include the “retro-amide™ groups. ie.; A-CONH-B = A-
NHCO-B and alkylydene (-CH-CH») [4,72].

Wrobel and conorkers used the principle of non-classic
brarsasterism of functional groups 10 propase the synthesis

N- N

Nily

Scheme 41,

Lima and Barveire

of analog 124, from medifications in the lead compound
oxatolrestat 123 (Scheme 40) [70], ideatifying the
bioisosteric relationship between the thioamide and
cyanoamidine functions.

This same type of bioisosteric relationship between the
thiocarbonyl (-C=8) and cyanoimine (-C=N-CN) groups was
reported during the development of cimetidine by Ganellin
and coworkers [71].

CO.H

Scheme 40.

The same type ol bioisosterism was further used by
Yamanada and coworkers to develop pyridazinone
derivatives 125 and 126 (Scheme 41). which present a
similar spectrum of antiuleerative activity, while also
presenting a classic bioisosieric relationship between lhe
substituenis of the alkyl chain represented by ihe
replacement of -CHs- with -NH- group [73].

In the quest for new selective agonists of potassium
channcls Butera and coworkers carmed out modifications in
the structure of anti-hypertensive lead compound pmacidil
(127} (Scheme 42) [74]. These authors described the
replacement of the N-cyanoguanidine template, present in
pinacidil (127}, with a 1.2-diaminacyclobutene-3.4-dione
moicty afforded a novel series of potent bladder-selective
agonists of the Ky7p channel 128 and 129, as a navel drug
candidate to rreat urge urinary neontinence.

Another important example of non-classic biososterism
of functional groups may be cxemplified by the isosteric
relationship existing between the sulfonylhydrazone and
acylhydrazone functions, identified in studies by Lima and
coworkers (Scheme 43) [75]. In this work, the authors
demonstrated that the acvlhydrazone function (CONHN=CH)
may be efficiently replaced by the sulfenvlhydrazone
function (SO.NHN=CH) to design new anti-inflammatory
and analgesic candidates, despite the subile differences
between the pKa of these groups.

During research to obtain new diretics, analogs of
rorasemtide (132), Wounters and coworkers demonstrated the
bioisosteric relationship existing between the sulfonylureia

N1 =
NH>

57¢
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(132), sullonyithioureia (133). sulfonyleyanoguanidine (134)
and sulfonvlaminonitroethvlene (135) functionalities
(Scheme 44) [76]. These authors demonstrated that while
these groups present similar electronic and geometric
properties, determined by X-ray crystallography and similar
acidity (pKa 6.0 to 6.7). compounds 132, 133, 134 and 135
cach posscss a distine: hipophilicity, expressed in logP
values (Scheme 44). The pharmacological results obtained
for compounds 1320 133, 134 and 135 i vive show that
theirr dusretic potency is inversely proportional to their
lipuphilicity, a fact which may be explained considering that
the divretie activiry of these molecules s the result of
inhubition of the No™ K* 2C1- cotransporter located on the
lomminal membrane of the thick ascending limb of the loop
of Henle. and that the glomerular filration process is
gencrally enhanced for hydrophvylic compounds. while
tubular reabsorpion is increased for lipophilic compounds.

The tmporiance of lonotropic receptars of glutamate
(1Glud, the principal excitatory neurotransmittor in rapid
svnaptic signal pathways, as well as in processes ol learning
and memory are well characterized angd the deficits within the
gintamalergic signating pathways in Alzheimer's patients
may. w parl. explain the loss of cognitive function of this
disease, However. the use of glutamate to ireat Alzheimer’s
discase is limited because of its inadequate pharmokinetic
properties in the biophase. Thus being, diverse research
groups have sought to design new analogs of glutamate
(Glu) with a half-life and lipophilicity superior 10 Glu,
Recentty. Stensbol and coworkers proposed replacemens of
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Scheme 43,
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the carboxylic acid group. present in Glu {15} witlk 3-
hydroxy-1.2,3-thiadiazole {136), -hydroxy-1.2.3-triazole
{137}, l-hydroxyimidazole (138) and l-hydroxypyrazole
{139} groups (Scheme 458), observing that with the exception
of the imidazole derivative (138), all the other compounds
presented similar affinity for AMPA receptors, without,
however, showing significant affinity for the other glutamate
ionotropic receptors, .e. NMDA and kainate receptors [77),
The absence of activity of the derivative containing the 1-
hydroxyimidazole ring 138 may be explainced by the basicity
of this compound. Actually, the experimental determination
of pKa valuc of the N-hvdroxy group of 138 was found to be
at least three pKa units higher than those found for the 3.
hydroxy-1.2,5-thiadiazole, l-hvdroxy-1,2.3-trlazole and 1-
hydroxypyrazole subunits.

In developing of new drug candidates 10 treat
cerebrovascular ischemia designed as (R, 5)-2-amino-3-(3-
hydroxy-3-methyl-4-isoxazolyl)-propionic acid (AMPA)
receplors antagonisis. Jimonet and coworkers described the
attainment of imidazo|i,2-«¢[indeno-[1.2-¢|pyrazin- 2-
substituled derivatives (Scheme 46) [78]. These authors
proposed the exchange of the carboxylic acid function in C-2
{140) by the phosphonic acid (141), weirazele (142) and -
methylsulfonyicarboxamide groups (143) {Scheme 46). The
results obtained show that all of the isosteres studied present
affinity for the AMPA receptors, in varying degrees.
However. the selectivity measured by way of AMPA and
NMDA receptors is significantly affected bv the
replacements realized, such that the teirazole derivative (142)

QP
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proves to be approximately 10 times more selective than the
coitesponding carboxyiic acid dertvative £140) .

fn 2001 Habeeh and coworkers deseribed the design and
synthesiy of new analogs for celecaxib and rofecoxib, non-
stermd anti inflammatory dregs of second gencration,
reporting for the first time the bivisesterie relatienship
existing berween methylsultonamide. methvlsulfone and
azido functicoal groups (Scheme 47) [79]. Acteally, many
authors have repovied ebtaining new PGHS-2 inhibitors,
using borh classic as well as non-classic bioisosteric
strategies, The bioisosterism of methylsulfonamide
(CH;SO;NH-). sulfonvlamine (-SO;NHCH;) and
methylsulfone (CH380,-) functions, for example, is well
characrerized within the class of selective PGHS-2
inhibitors, as are its contributions to other pharmacodynamic

and phanmacokinetic factors [58]. The resulis obtained from
the studies by Habeeb and coworkers revealed that the azido
graup {-N3) is capable of realizing clectrostatic interactions
fion-ion) with amine acid residues from the active §ite of
PGHS. (the example of Argsy; residuc). being, however, an
authentic  bioisostere  of  methylsulfonamide and
methylsulfone funcrions, preseming comparable molecular
volume and clecirostatic potential.

Cuinuclidine {148), designed by modifications in the
natural alkaloid sfrucrure arecoline (147, is an important
non-selective muscarmics (M1 and M2) receptors agonist
with marginal actions on nicotinic ganglionar receptors.
However. the low selectivity associated with low therapeutic
index and inadequate bioavailability, have annulled itz use
for reating Alzheimer’s disease. In an effort (o optimize the
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pharmacetherapeutics profile of quinuclidine (148), Orlek
and voworkers proposed the exchange of the methyl ester
group. present i 148, with the 3-methyl-1,2.4-oxadiazole
croup in the stuciure of compound 149 (Scheme 48) [807,
heing able o identify elecirosraric similarities between the
methyl-oxadiazote and methy! ester groups, as well as in the
profile o muscarinic agonist activity of these derivatives,
Howewver. the metabalic stability of methyl-oxadiazole
bioisostere (1491 was grealer than 1o that found for the
quinuchdine lTead compound (148}, conferring tu compound
149 a better oral bioavailability.
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Another successful example of a bicisosteric replacement
of an ester functionality with an oxadiazole moiety, for
improving the metabolic stability. can be illustrated in the
development of cyclin-dependent kinase 2 (CDK2Y ivhibitors
as anticancer agents. Despite the potent CDK2 inhibitory
activity found for compound 2-amino S-thie-substituted
thiazole {1501, it lacks cellular activity in cell proliferation
assays due to hydrolysis of the ethy! ester 1o the
corresponding carboxylic acid. that is completely devoid ol
CDK2Z inhibitory actlivily. In a attempls fo increase the
cellular stability of 150, Kim and coworkers realized the
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replacement of the ethyl ester with a bioisostere oxazole
muety led to compound 151 (Scheme 49). which is
metabolically stable against esterases, maintains the
selectivity and shows increased CDK.2 inhibitory potency as
well as potent antiproliferative activity in cancer cell lines
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Nonetheless, binisosteric replacement of the ester with
oxazole and other heleroaromatics mayv not be universally
eftective, as demonstraied by Dhanak and coworkers in the
design and syuothesis ol a series ol highly seleclive and
poteni phenylalanine derived CCR2 antagonists as anti-
inftanymatory agents (Scheme 50). While compound 152
was highly effective in blocking both the binding and the
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functional activity of ¢ number of CCR3 agonists.
compound 153 lacks all CCR affinity which suggests a
more subtle role for the ester moiety thai the heterocycles
were unable o mimic (7.

To dennfy non-aromatic biososteres. aliernatives of
carboxvhe esters. Bromidge and coworkers described the
svuthesis and determination of the affinity of ketoxime
cthers derivatives (134-156] for muscarinic receptors in rat
corebral cortex (Scheme 510 [81]0 In this swdy i1 was
possible 1o confirm the bioisosteric relattonship existing
between the methyl ester (148) and (£)-ketoxime ethers (152)
lunctions. and the later use of additional classic bioisosteric
exchanges of monovalent groups, led o the attainment of
optimized compound 156 (Scheme 51), which present a pKa
value inferior to that found for lead compound 154, resulting
in a decrease in basicity, tacilitating the passage through the
blood-brain-barrier.

The application of the strategy of functional group
bigisosterism in drug designing can be well illustrated by
planning new anti-convulsant ageats structurally related 10
y-aminobutyric acid ((GABA). an inhibitory neurotransimitier
ol low molecular weighi. GABA's polar and hydrophilic
nature makes its use impossible for wreating epilepsy. in
view of s rapid inactivaiion and excessively low logP. In

Linver qud Barreiro

their search for GABA aminotransferase inhibitors. the
enzvime responsible for GABA catabolism., Qiu and
coworkers proposed structural medifications in the
enzymatic substrate. i.e. GABA based on he application of
non-classic bivisosterism of functional groups [82]. In this
stuely, the authors carried cut the exchange of the carboxylic

CH;

acid group (pKa = ca. 4,50) present in GABA with 2.4-
difluorophenol {pKa= 7,1} subunil present in compounds
157 and 158 (Scheme 52), observing ihat both compounds
were competitive inhibitors of GABA aminotransferase
having Ki values of 6.3 uM and 11 uM. respectively. These
compounds, were tested as substraies for GABA
aminotransferase by the radiochemical procedure of

NGO,

measuring the conversion of {14C]o-ketoglutarate to
[14Clelutamate. and both were poor substrate. These results
suggest that the 2.6-difluorophenol group may be an
authentic lipophilic bicisostere of carboxylic acids.

154

- - - - -
-

185 156

Scheme 51.
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The anticoagulans activity reached by way of thrombine
mhibition has proved to be of landmark therapeutic
relevance. in view of the recent FDA approval of argatroban
approved to treat thromhoembolic disorders. [8§3). However.
the great challenge of this class of therapeutic drugs is in
obtaining lead compounds of adeguate oral bioavailability.
NAPAP (159, (Scheme 53) 15 a high affinity reversible
inhibiter of (hrombine (Ki= 6 nM) and low oral
bioavailability, Many swudies have suggested that the
inadequate pharmacokinetic properiies of NAPAP (159) and
its structurally relaied derivatives is due lo the elevated
basicity of the benzamidine funetion (160, pKa=12). Tao deal

.
.r,'\\

0

NAPAP, 139

Scheme 53,

with these pharmacokinetic limitations, Rewinkel and
coworkers proposed the bioisosteric exchange of the
benzamidine group by the l-aminoisoquinoline function
(Scheme 331 [84]. In this study the authors demonsirated
that the lower basicity of the l-aminoisoquinoline group
(pKa=7.5) conferred a greater absorption to compound {160)
determined using cell monolayers as a model for intestinal
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absorption {Caco-2) [85]. Nonetheless, the inherem basicity
of this function (160, pKa= 7.3) is sufficient to guarranty
ionic interactions with Aspyge amino acid residue, present at
the thrombine catalytic site and facilitate membrane
permeability. Thus, replacement of the highly basic
benzamidine moiety in NAPAP (159) with 1-
aminoquinoline yielded new thrombin inhibitor and
confirming a new exisling bioisosteric relationship between
these functions.

In the course of searching for high affinity dopamine D3
receptor antagonists, conformationally restricled benzamide

isosteres. such as pvrroles, oxazoles. and thiazoles were
investigated by Einsiedel and coworkers {Scheme 54).
Replacement of the amide sultopride (16]) by a pyrrole ring
led to compound 162 which maintained affinity for the
dopamine D3 receptor and introduced modest selectivity
over the dopamine D2 receptor. Replacement of the
benzamide with oxazole subunit resulted in compound 163.

Scheme 54,

Br
163
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which exhikits dopamine D3 and depamine D4 binding
affinities comparable to those of the atypical neuroleptics
sultopride and clozapine. respectively [7]

6.3. The Versatility of Non-Classic Bioisostersism

A spectacular example of non-classic bioisosterism may
be illustrated by the work of Macchia and coworkers,
involving the bioisosteric relationship between the benzene
ring (1637 and the methyleneaminoxy methyl moiety
{MAOMM. 164) (Scheme 35) [86]. These authors. studying
the svnthesis of new non-steroid anti-inflammatory agents of
easy svinthetic access, prepared substance 167 possessing the
MAOMM function as biogguivalent to the benzene ring
{Phy. The results observed in the anti-inflammatory activity
of 167 and derivatives, in comparison with standard
diclofenac {166). an aryl-acetic acid anti-inftammatory drug,
prove this amazing biotsosteric relationship [6].

MAOMM

165

e N
[ /
o CO.H

166 167

~
Ve
I

Scheme 55,

Maore recently, Balsamo and coworkers deseribed the
artinment of new selective inlibitors of PGHS-2 1soform,
applying bioisesterism as a strategy  of melccular
modification [§7]. This study also illustrares the non-classic
biotsosteric relationship berween aromatic rings and the
methylencaminoxy methyl moicty (MAOMM) (Schieme 56).
However, 1t must be considered that introducing the oxime-
elher (Q-N CH-} subunit in 169 mtroduces inexistent
molecular characteristics in the structure of lead compound
SC 57666 {168).

o O
Oul] Ox 1
; . S CH,

Scheme 56,

b.4. Retroisosterisin

Retroisosterism {8 based on the inversion of a delermined
Tunctional group present in ihe lead compound structure,
producing an isostere with the same function (Scheme 57).
This strategy. just as the other bioisosteric strategies

Lima and Barreive S 78

commented on in this paper. aims to optimize the
pharmacotherapeutic properties of the origimal lead
compound, thus aiding in opumizing the profile of
interaction with the bioreceptor in designing drugs with halt-
lives more adequate for therapeutic use and may even be
used in the attempt to avoid the formation of potentially
roxic metabolic intermediates.
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Scheme 57.

In a recent study, Lages and coworkers described the
existing refroisosteric relationship betwecen the
methylsulfonylamine and wmethylsulfonamide (unctiens
{Scheme 58) present in the structures of new selective COX-
2 inhibitor lead compounds 170 and 171 [88]. This type of
retroisosteric relationship confers metabolic susceptibility
and distinct pKa values between compounds 170 and 171,
while the greatest activity found for the methvlsulfonamide
denvative 170 may be explained considering the profile of
inferaction of this group with the Args|y and Sersy;3 amino
acid residues present at the caialvtic site of COX-2. favored
in 170 when compared to the 171 retroisostere.
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Scheme 58,

Bascd on studies of melecular modeling. Barreire and
coworkers proposcd two new molecular standards,
exemplified by compounds 172 and 173 as new candidates
for second generation anti-inflammaiory drugs . The
molecular design of 173 from the lead compound 172
(Scheme 59). was realized applying the strategy of
refroisosterism [14] and aimed to minimize the possibility
of eletrophylic species formation (176) (Scheme 59).
potentially 1oxic, obtained by the action of enzymatic pool
involved in the metabolism of xenobictics. Furthermore, the
use of retroisosterism for derivarive 173 enabies the
formation of intramolecular hydrogen bonds, which confer
greater conformational restriction allowing the prediction
that derivatives 172 and 173 will present pharmacokinetic
concerning the process of metabolism and
pharmacadynamics distinct profiles.

Among the different categories of 3-lipoxygenase
inhibitors (5-1.OX), the hydroxamic acids stand out acting
through the formation of complexes with the Fe® ion
present at the catalytic site of 5-LOX. It has been shown that
although many hydroxamic acids are potent inhibitors o he
enzyme in virre, they fail 1o produce significant inhibition
in vive, This dicholomy between in vino vs in wvp
pharmacological results can he explained hased on
pharmacokinetic studies realized with different hydroxamic
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acids £89] In these swdies it was demonstraied thal
hydroxamic acid derivatives (e.g., 177) are rapidly
wetabubized 10 corresponding inactive carboxylic acid

CH,

(/j/\ 9] ,
} reproy saylerism
[

177

Scheme 610,

derivatives. which are unable to block leukotriene synthesis.
Taken regether these results suggest the pharmacophoric
profile of hydroxamic acid subunit (CON{OHICH-).

[ater. Summers and coworkers { 1998) |90] demonstrated
that hydroxamic acids with 5-LOX inhibitor activity have
small substitvents (hydrogen or methyl) amached to the
hydroxamic acid nitrogen and relatively large groups (arvi
ring system) appended o0 the carbonyl group. Based on this
observation, the authors proposed the attainment of the
refroisostere 178 (A 63162). through the application of
retroisosterism strategy in the suuciure of lead compound
177 (Scheme 66) [90]. The study of the pharmacekinetic
behavior of rerroisostere 178 (A 63162) revealad that when
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administered orallv to rais, this retroisostere produced higher
plasma concentrations and longer duration. For example,
compound 178 produced peak plasma concenirations in the

CH:

A 63162
178

rats of 140 UM at 3 h after a 100 mg/Kyg oral dose. whilce its
congener 177 rcached a peak level of only 15 uM 30 min
after dosing.

From the pharmacedynamic point of view, the
pharmacological assays carried our with hydroxamic acid
177 and its retroisostere 178 (A 631625 reveal that 178 was
significantly more potent than 177 in inhibiting in wive
leukotriene synthesis in the rat peritoneal anaphylaxis
madel. Following oral administration, 178 (EDsp= 8mg/Kg)
was 5-fold more potent than 177 (EDsp= 40mg/Kg ).

The unmiistakable demonstration of the benefits of the
strategy of retroisosterism, applied to the class of 3-LOX
inhibitors, may be well illustrated by the attainment ot

Scheme 61.



