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No. Solicitud Internaciorn
Fecha de Presentacion

Como resultado del Exa

la Decision 486 de la Co

Patente de Modelo de Utilidad

]
]

Cap. | “Cap. Hi

nal PCT/GB2008/050431
Internacional 11 de junio de 2008.

men de Fondo realizado, con fundamento en el Articulo 45 de
mision de la Comunidad Andina, se comunica:

' 1. Documentos estudiados
Descripcion: Folios 199 a 359 08/enero/2010
Reivindicaciones: Folios 360 a 378 08/enero/2010
i Prioridad: US 60943440 12/junio/2007

2. Analisis de fa Priorn

| Se acepta la reivindicag
del plazo establecido (A
prioridad reivindicada.

3. Modificaciones no
Las modificaciones dé

' aceptables porque no
requerimiento N° 01271

D
| 4. Objeto de la invent

Titulo de la solicitud: "D
1H-pirrol-2-il)carbonil}ar
| DNA girasa y/o topoisq
(modificado en el folio 3
. El problema planteado
| presentan actividad ant
sangre caliente

D

idad

ion de prioridad porque esta solicitud fue presentada dentro
rt. 9 D 486) y su contenido técnico corresponde con el de la
aceptadas (Art 34 D 486 y Art 19, 22 y 34 PCT)

las Reivindicaciones 11-38, folios 363-376, no son

se pago la tasa respectiva. Lo anterior, de acuerdo con
del 28 de enero de 2011

cion

erivados carboxilicos y alcoxi de 4-sustituido-2-[4-({(5-metil-
mino)-piperidin sustituido-1-il]-1,3-tiazol como inhibidores de la
merasa |V y composiciones farmacéuticas de los mismos”

87).

en esta solicitud consiste en suministrar compuestos que

ibacteriana para tratar infecciones bacterianas en animales de

45
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Para resolver este problema técnico la solicitud en estudio proporciona un compuesto
de la formula (la) y composiciones que lo contienen
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Compuesto la

E! objeto de la presente solicitud se relaciona con la Clasificaciéon Internacional de
Patentes (CIP). CO7D 417/08

5. Determinacion del Estado de la Técnica

El estado de la técnica se determind con base en la fecha de presentacién de la
solicitud de prioridad: junio 12 de 2007 y se encontraron los siguientes documentos
que anticipan el objeto de esta solicitud:

item Documento Titulo Fecha de .
‘ R Publicacion*
D1 WO 2006/087543 | Antibacterial piperidine 0 m006
derivatives
- Bioisosterism: A Useful
Current Medicinal
D2 Chemistry, 2005, | Srategy for Molecular 2005
i Modification and Drug
Vol. 12, No. 1 .
| Design

D1:http://patentscope.wipo.int/search/en/W0Q2006087543 divulga una serie de
compuesto con actividad antibacterial (Pag. 2, Ren. 1-10) derivados del compuesto le
(Pag. 241) inhibidores de la DNA girasa (Pag 53, Ren. 3-10) y que da a conocer por
medio realizaciones preferidas 380 (Pag. 166) y 426 (Pag. 177) los compuestos.

y..
a ¢ '/\T' 4.
N “’"\.\r/’ly\z\‘«’;"‘{" N g
\\ 172 ¢ H
% S
Compuesto le
cl
Je
O d
c el el M&-—(/ [
\r—"(_{ o ’«’ A u"\jﬂ(/u‘“/\;
o g N«{ o ¥ < F.~}\/N\T,_N
I [ G S
3, -y \
btes }/_‘_0“ (;._o‘
@ O e
Realizacion preferida 380 Realizaciéon preferida 426

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

Adicionalmente, da a conocer (Pag, 8) algunos grupos heterociclicos bioisdsteros
como la diazina y el oxazol para los antibacterianos del grupo de las sulfas

Fxpediente 10-1889 Articulo 45
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y pirazol, oxazol y piridina para el grupo de la antiinflamatorios del grupo de
inhibidores selectivos de la COX-2.

wobegraih, 3

6. Examen de Patentabilidad (A

Nivel Inventivo (Art18 D186)
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La reivindicacién 1 consiste en compuesto de fédrmula (la) derivados del acido 2-
((35,4R)-4-{[(3,4-sustituido-5-metil-1H-pirrol-2-il)carbonillamino}3-sutituidos piperidin-
1-il)-1,3-tiazol-4-carbociclil o heterociclil-5-carboxilico inhibidores de la DNA girasa y/o

topoisomerasa IV

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

Teécnica:
_ soLICITUD D1 D2
Un compuesto de férmula la Un compuesto de formula le
Y'V/Rﬁ‘
(S g
— — g ' i 5
\“L’A N ) v‘ \"_(i,.: / R \\/N /f// \Y\/)\\/) N Ri

Compuesto la

Compuesto le

Metilo R’
i e Cualquilo
R R?
hidrégeno
nitro
hidroxi
fluoro halo
metilo ciano
metoxi Ci.alquilo
etoxi Ci.ealcoxi
propoxi Ca.s alguenilo
allyloxy i Czcalquinilo
henciloxi Ci.salcanoilo
CialquiloS(O).en donde aes 0a 2y C 16
cicloalquito; donde R® puede ser opcionalmente
sustituido
R’ R’
” hidrégeno
nitro
hidroxi
halo,
ciano
cloro -C = N-OR 'donde R'es H o C 14 alquilo,
; Ci.4alguilo
ciano -
Ci.salcoxi
Cs.4alquenilo
C,alguinilo
Cy.4alcanail

CialquiloS(0), endonde aesQazyCas
cicloalquilo; donde R’ puede ser opcionaimente

sustituido

Divulga que el
bioisosterismo |
es una
estrategia de
la quimica
medicinal para
el disefo
racional de
nuevos
farmacos y da
a conocer
grupos
heterociclicos
bioisosteros
como 1.) la

diazinayel
oxazoly2) |
pirazol, oxazol
y piridina entre
otros

fFxpediente 10-1889 Articulo 45
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SOLICITUD D1

R® R*
T Fluoro
Metilo Halo
Metoxi carboxi
Etoxi : Ci.alquilo
Propoxi Cysalcancilo
Aliloxi Ci.alcanoiloxi
~ . bencioxi
Azufre Y
S
L 4
Hidrégeno R
Hidrégeno
- - ~
& —=—RY, X RS

A

heterociclilo contiene nitrégeno un resto-NH- este

" REALIZACIONES PREFERIDAS REALIZACIONES PREFERIDAS

. . QN C‘? .
e i
- N, o "N}":z
’ | e
Corresponmente al compuesto 2 ((3S.4R)-4-{((3,4- Correspondiente 2 la sal del compuesto 2-
dic'oro 5 mebl *H pirrol 2 ilcarboniljamine}3- ((35,4R)-4-{[(3 4-dicloro-5-metil-1H-pirrol-2-

es carbociclilo o heterociclilo; donde si dicho Carbociclil-R™ o heterocicii-R'! donde R o R

" puede ser sustiuido por RE puede ser sustituido por un grupo seleccionado
_ ‘ RSP

! |
“Dorde R¥cs nidrégeno o C-. alquilo

)

Carboxi opcionalmente sustituido Cq.4 alquilo

Realizacion preferida 114 (Fol. 289)

Realizacién preferida 380 (Pag. 166)
o @ -—(3'
I NN S

o G T

w LAY e’k‘"”\(:_ %,-’

Realizacién preferida 426 (Pag. 177)

Realizacién preferida 61 (Fol. 270)

fluoropwperid p * 1) 4 “soxazol 5.41-1.3-tiazol-5- iNcarboniflamino}3-fluorapiperidin-1-il)-1,3-tiazol-

carboxilato ; 5-carboxilato

El documento D1 se consideran el estado de la técnica cercano a la invencion
definida en la reivindicaciéon 1 porque divulga compuestos derivados del acido 2-
((35,4R)-4-{[(3,4-sustituidos-5-metil-1H-pirrol-2-il)carbonilJamino}-3-sustituidos
piperidin -1-il)-1,3-tiazol-4-carbociclil o heterociclil-5-carboxilico inhibidores de la DNA
girasa y/o topoisomerasa IV y por lo tanto utiles para el tratamiento de infecciones
bacterianas.

lLa diferencia entre la invencion, definida en la reivindicacién 1y el compuesto (le) del
documento D1 corresponden a que 1.) La invencion divulga explicitamente un
sustituyente carbociclil o heterociclil en la posicion 4 del anillo 1,3-tiazol y el
documento [ refiere estos sustituyentes como parte de un grupo seleccionado para la
posicion 4 o 5 del anillo 1,3-tiazol. Por lo cual se considera que esta invencion es una
seleccion.

Por lo tanto, el problema técnico objetivo que pretende resolver esta invencion se
puede formular asi: “cdmo seleccionar los derivados del acido 2-((3S,4R)-4-{[(3,4-
sustituido-5-metil-1H-pirrol-2-il)carbonillamino}3-sustituidos-piperidin-1-il)- 1, 3-tiazol-4-
carbociclil o heterociclil-5-carboxilico del compuesto (le) conocidos en D1 para
obtener inhibidores de la DNA girasa y/o topoisomerasa IV y por lo tanto Utiles para el
tratamiento de infecciones bacterianas.

El efecto que se logra al seleccionar los derivados del acido 2-((3S,4R)-4-{[(3,4-
sustituido-5-metil-1H-pirrol-2-il)carbonillamino}3-sustituidos piperidin-1-il)-1,3-tiazol-4-
Expedicnte 10-1888 Articulo 45
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carbociclil o heterociclil-5-carboxilico del compuesto (le) divulgado en D1 es obtener
nuevos inhibidores alternativos de la DNA girasa y/o topoisomerasa V.

Sin embargo, dado que documento D1 refiere que 1.) Los compuestos 2-((3S,4R)-4-
{[(3,4-sustituido-5-metil-1H-pirrol-2-il)carboniljamino}3-sustituidos piperidin-1-il)-1,3-
tiazol como el compuesto 426 (Pag. 177) son inhibidores de la DNA girasa y/o
topoisomerasa IV y por lo tanto Utiles para el tratamiento de infecciones bacterianas y
el documento D2 indica que el bioisosterismo es una estrategia de la quimica
medicinal para el disefio racional de nuevos farmacos, dando a conocer una serie de
grupos heterociclicos bioisésteros como lo son 1.) La diazina y el oxazol y 2.) El
pirazol, el oxazol y la piridina.

En consecuencia, una persona del oficio normalmente versada en la materia, estaria
suficientemente motivada para seleccionar los derivados del acido 2-((3S,4R)-4-
{[(3,4-sustituido-5-metil-1H-pirrol-2-il)carbonillamino}3-sutituidos piperidin-1-il)-1,3-
tiazol-4-carbociclil o heterociclil-5-carboxilico del compuesto (le) y obtenerinhibidores
alternativos de la DNA girasa y/o topoisomerasa IV como lo sugieren el documento
D1 o sustituir en la posicion 4 del anillo 1,3 tiazol de |a realizaciones preferidas 380 y
426 del documento D1 o incluir en la posiciéon 4 del anillo 1,3 tiazol del compuesto
426 (Pag. 177) de acuerdo con lo sugerido el documento D2 un grupo carbociclil o
heterociclil bioisdstero alternativo al definido en el documento D1 para obtener
nuevos inhibidores alternativos dado que esta sustitucion o inclusién esta sugerida
por los documentos D1y D2. Por lo cual la reivindicacion 1 se considera obvia.

Puesto que los documentos D1 y D2 mencionan todas las caracteristicas técnicas
esenciales de las reivindicaciones dependientes 2-3 y 6-10, estas tampoco se
pueden considerar inventivas.

7. Conclusion

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

item , Documento | Reivindicaciones afectadas : Requisito que afecta
D1 WO 2006/087543 | 1-3y 6-10 ' Nivel inventivo
Current Medicinal ;
D2 Chemistry, 2005, Vol. . 1-3y86-10 Nive! Inventivo
12, No. 1 | ]

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

Se invita al solicitante se sirva indicar, si asi lo considera, su renuncia al término
faltante (60 dias) y presentarla por escrito.

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

JOSE LUIS SALAZAR LOPEZ
Director de Nuevas Creaciones (C)

B8 A6 201

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

Flaborado por: L.enin Roberto Guerrerow/
Revisado Por: Consuelo Leguizamon Legdizamén.

Fxpedicnte 10-1889 Articulo 45
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Bioisosterism: A Useful Strategy for Molecular Modification and Drug

Design .
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Bososietisne s a

ategy of Medicial Chamsstry tor
the ration, design of new drugs. applicd with o “cad
camponnd (1 C1 a5 2 specinl process of moleenlar
mditieation T The 1O shoald be of a complesely well
known chemical structure and pos
Kown mechamsim of action. if pussible at the (&vel of
topagraphic mteraction wil the recepor, weladi
knowledge ot alb of gty planmacophs
the pativway ictaboiic Gactivation [, as well s ¢
main deternuning structural factors of the physicochemis
propertes whic regutate the boavailabiliey, and us wde
effects. whether direetly or not. should be known so s te
sliow Tur » broad prediction of the definition ot the
bloisostene relation 1o be used.

exs an equatly well
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c group. Furthermare

The success of this strategy in developing acw
substances which are therapeutically atiractive has observed a
signilicant growth an distinct therapeutic classes, being
amply used by the pharmaceutical industey t disenver new
analogs of therapentic innovations commercially attractive
tme fon). and also as a ol usetul wn the nuleeular
modification.

icre muy be mnumerous reisons for the use of
bioisesterism te design new drugs, including the necessity
to imprave pharmacological activily, gain sclectivily for a
determiined receplur or envymatic isoform subtype - with
simyltancous reduction ol certain adverse effocts -, ar cven
optimize the pharmacokinetics the 1.0 amght present.

In this paper. we wall discuss biotsostersm as a strategy
of molecular moditication, showiag 1 importanee an
butlding & new serics of congencrs compoands designed as
candidate of new drugs, giving examples of successtuf caes
w distinet therapeunc classes [3-7],

2. BACKGROLNG

In 1919 Langmis [8] studying the eheaueal behavion
and reactivity of determined subsfances possessing atoms or
groups with the same aumber of valence clecteans, e
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e wwbee andior serngenent of clectrons exaumples

Ot
Ty SO x POgY
N NxC O
Oy % NOS
NN NN O
In 1975, Gritun [9] formalated the /tvdride Dispiacement
Law. an empiric rale which states that the addition of a
hydrogen atom with a pair ot clectrons fi.e. hydride) to an
atorn, produces o pseudoriony preseating the same physical
propecties ax those present i the column immediately
1 on the Periodic Table of the Slements for the initial
atom (Fig £), showing that any atom belonging 10 groups
4A.FA, AA TA on the Periodic Table change their
propertics by adding a hydride. becoming isoclectronic
pacudoatoms

KNS x Na' x Mg?

bel

fn 1932, Crlenmeyer [10] proposed a broadening of the
term isosicrism. deliniag isosicres as clements, molecules o
wens wheeh present the same. aumber of ¢lectrons at the
vaicnee level s includes the propos hat
ctetrents of the same columa va the Periadic Table are
wosteres among (hemselves {e.g. €

€ x Si\ Gep and the
creation of a concept of nngs electronically equivaient, fater
broadened to the (erm diag bivisosterism.

The coining of the term bioisosterism goes back to the
pioncer work of Fricdman and Thorber during the carly
S0s. Friedman [, recognizing the usefulness ol The

coneepl isosterisne o desien bivactive molecules, defined

bisisosters as compounds which it the definitions of

isosteres and which exercise their biological activity of

hiorecepine, whether through agonist or antagonist actiens,
However, Fricdman introduced the term bioisosterisar le
deserthe the phenomennn nbserved between substances
steveturally eelated which presented similar or antagopistic
binlogical properties [11[ Tater, Thomber [3] proposed a
broadening of the wrtn hioisasteres, detining them as sub-
units or groups or molecutes which possess physicochemical
propertes of simifac bivlogical wilects

&

Over the years, innumerous bivisosieric relations have
been wWentilicd i compounds bath nataral and syathetic in
nature, we have ideanfiod many examples of isosterism o5 @

<2005 Beatham Seience Pablisters L.

IV Cutnomt Sedicendd Chemisiry, 2005 Vol 12, No. 1
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theophyline (107 aad among e sahevlic (11 and
anthranilic (12) acids, which originated two impurtant

classes of non-sternid ant-intlama .
acetylsabicyiic acid and mefenamee sewds. respecuvely
Furthermaore, cxamples of the applicatton of nee -clas;
brosasterism are also found in nature - such as he
hinisosteric refationship existing between y-aminobutyeic
acid ¢GABAY {131 and muscimol (14), between the
neurotransmittors plutumate (15) and AMPA {16),
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o chemical reactivity of the lunctivnal groups or
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significant alterations in the processes of
biotransformation, including {or the cventual
alteration of the toxicity profile relative tv the main
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& conformational factors, including the differeatial
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hydrogen bands.

4.1, BIOISOSTERISM AND ALTE
PHYSICOCHEMICAL PROPERTIE:

ATIONS OF

Some  bioisosteric groups dramatically alter the
physicochemical propertics of substances snd, therctore. their
activities Fhis can be easily understood by comparing
classic isosteres resulting [rom bivisosicric replacement
between hydroxyl { OHy and amine { Nty an example of
classic bioisostcrism of munovalent groups according o
Grumm’s Rule. In this case, considenng the bivisosteric
replaccment of aromalic amine preseni a anifine (181 by
hydroxyl, we have phenol (17) (Scheme 33 cesulting in a
stgnificant chamge in the acid-base propertics of isostare:
with dramatic modsieation of the pKa ot the compounds,
which ix respunsible for the distinet pharmacokioctic proites
among the isosteres i question. Furtherntore, i erms of
molecular recognition o a given receptor site, we have a
change form one positively charged fuaction (-NHg" ).
ogsting (rom basiv aromatic amine function (pKb Y3ty
by another acid (pRa  10.0) present in plienol. which mag.
quite probubly. abalish the origingl actnay (4] Thas, in

26 Curiont Hedici
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this cxample, we may predict that (he use of biolsosteasn,
even the classic type, can promote severe slicrations off
molecular properties, as much in teans of lipidic-agueeus
solubdity as well as chemical ecactivity, among others,
which, breadly speaking, is not ohserved in the same
homologue curbonic serics. Otherwise, the systen’s
enzymatic capacity {or hepatic detoxification of xenobiot
involving the micresomal mixed function oxidase also
calicd cylochrome P-d50 system [ 14], is distinct in the
presence of these functional isosteric groups, which does not
allaw 2 stmplistic comparison between the lead compound
aniline {18} and the hydroxylated isostere (17) i terms of
metabolism, altering, theeefore, the pharmacokinetic phase as
well as the pharmacodynaimics ol the isosteres

" w

Scheme 3,

Anather classic example of isesteric replacement
invalving phenol (PROE L can be found in the search for
adrenergic derivatives, structuratly related to eatscholammes

(Scheme 31 115]. This cxaraple illustrates the exchange af
phenelic hydmxyl group preseat in compound 19 with the
arifsulfonamide unit in compound M. through the use of

3 of funcuona) geoups

The results obtained, carrying out bwassays with these
compounds, wilness comparable brological activities
through the mechanism of equivalent action, aflowing us 1o
conclude that both functional groups tvolved are authentic

ioisosteres.  This  bisisosteric  relationship  was
cxperimentally cvidenced by dewermining the degree of
acidity of these substanc Both compounds are of
comparable acidity (pKy = 9.1 and 9.6 respectively).
explaining the similarity of bological pratile in function of
cquivalent inteructions of both moelecules with site receptor.
possibly through lonic bonding, 1 the presence of a similar
acility or cven through hydrogen bonding [15]
Furthermore, both acidic groups . fe R-PhOH and R-
PONHSO,CHy are, in this casc, monovalenl groups.
However, the wdentified bioisosteric refationship between the
PhOLI and PhNHSQSCH ; groups, confinmed for adrenergic
derivatives 19 and 20. is not exiensive ta other biareceptors
in which the process of motccatar recegnition is dhisiinet. An
cxample of how: (sosterc groups curs, i i s.
maintain o bivisosteric relationship. previously defined in
anather bivrcceptor, is well iHustrated with the analyses of
21 and 22, deseribed by McCardy and cowarkers (Schiome 41
{16]. The structural design ot -sultonaondn compound 22,
targeting the attainment of new bonds for npnid receptors.
was based on the steuctural data of lead compound 21, which
point to the relevance of phenoiic Tvdroxyl as site of
molecular recognition. This way. the replacement OFL by the
NHSO,CH; growp would respedt the acidic propertics and
the characteristies donor and/ar acceptor H-honds as
cvideneed by the previous wark ol Larsen and Cish 4109641
Nonetheless, the determinzuon of the pharmacologieal
properties of arilsulfonamide dertvative 22, evidenced the
absence of alfinity by the opiod receptors, i o wwndels.

Uy
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Thas. witee Pansosterie replaccinent eeeurs in functors|
aroups invelved 1o the pharnicophore subanit of 3 certan
Dioactive subsieace, e relative aclivity of the resuluny
catcpounds may be dramatieslly moditicd. owever
Diensasivess replocament which yuecesstully occurs
L ey ands acinz as @ e of bioreceptor. wiil
e e suecosstnd in enother tieropoudic serno
Hhirorgh otker receptors.
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S, CLANSIC RIOISOSTERISM

S.4. Rivisosterism of Moaa-, D
Atoms ar Groups

and Tetravaleat

i the searea for new anti-hyperter drugs anzlogous
tw clonatine (233 with a geester selectivity by 1 imidazohine
receptors (1R and reduced action on ep-adrenaceptors,
Schiann and eoworkers deseribed the attzinment vl new
candidates for aeti-hypenensive drogs designed by molecukar
moditlications »a the steucture of the {ead compound
pennding (24 (8chemne §) [17] These wadifications were

o classic bioisosterisin of bivalent

iv

oS,

iu
g
nf N
=N
«a”
2

Schewe 3.

Cuervent v el Chomstry, 2065, 5 o (3, No, £ 27

exeephiiicg By replice et o e bivaleat asves st

preser i e oxazahing s by the
v

ernylene wre i

whiiee ol the mew pyerobioe werivatine §

butvecets replacement ul matign et groaps losteaieg by the
st of sabrogen g (8 i Cod aad O b
whetive $33 by the methit grop (015 enginating the
vy 4 -donethyl bumologae 26 [T The biading
rests weth o R oand o adrgieceptars dunce that the
s eation sceusting 1 the siuetee of vl (241
allow the stunmcne o deroatives with aftiaitics
comnparable o et compaid (1, $tegh with s sipedor
selectvey or R | and Clastrated s example of the
of vlissic biossosterism

hisaient greups (Scheme 6], ruli
methylene graup (CHl), pro:
compoutil anpr i L tor the sulfur atem
[E8]. Haowing. o preoci, that this i
could indaes severnl madifications o terms of size, shape,
clectronic distribution. chemical reactivity, Epophilicity
hydrogen bonding capacity, this new  isostec

fng (he exchange ol the
i the structure of the fead

synthesized, wid ity stercoisomenss were ducly sepurated by
FIPEC and tested as reconbinant TRV prote: ichibitors
Fhie results ubined revealed that the four diastercoisomers
tested were anty weak dolubitors of recambinane HIV
protease, while the diastereoisomer (283}, of the same

absulute conlig as the lead P i
(27). being rar. 1400 less potent than 27, These results could
he explained by tie high sensitivity to Lydrolysis of thio-
isoster 2Ra-d. fa fact, the half-life value tound for
thivphenovy derivative 28a-d was 10 min, while amprenavir
127) was recovered unchanged after 1440 min.

Anather illustration of the application of classic
brorsasterisin can be found in the works of Penning and
cowarkers {Scheme 71 [19]. Coniinuing the research 1o tind
aew anu-inflammatory d acting through the seleetive
whibitien of prostaglandin-H syrthase-2 (PGHS-2) or
evclooxygenase-2 (COX-2), the anthors investigated the

ot ™"

ENIN

2%

I8 Crcom Medicinal Chemisiy, J003, 3 b, 12 N d

Scheme 6.

effeci ol sosteric modilications on Ui steueiare ot el
compauind SC.3RI23 (29, to improve s pharmaocokivet
properties (0 spite of the high cate of selectiviey by PGHS-2
(S 13001 and zood inhibitory potentiul, the derivatine SC
25 129) exhibiied a half-life of over 200 . thus releciing
its low susceptibility in the presence of the comples cnovee
iavolved to the hepativ aietabolism of senohiotes Heuee
the authors suggested twa classic biowsasteric maanvalei
group replucements, represented by replacing (e nothy!
aroup, {Cliy) by the NIy group and exchanging the (uorie
atom {F} with the CHy group (Scheme 7). Both sosteric

pl d allow i ds 2 1o the structure
of the new binisostere of SC-3RE23, vulnerubic soft
metabolic sites faking advantage of rthe cffect ol the first
passage through reactions of conjugativn with giucsronic
acid and the benzylie hydroxylation cxtalyzed by €Y P430.

respectively. This new bioisostcre optimized by SC-35125,
fe. celecoxib {303, of a half-life of from 8-11 h. wi

introduced on the Brazitian murket in 1999 by Pfizer/Searle
Laberaiories 1o treat cheumatoid arthrios and ather
inflammatory conditions, being the Girst non-steridal anu-
inflammatory drug INSAID) seting selectively apan the
iducible isofomn prostaglandin-1 synthase (¢, PGHS-2y
and. theretore, without the irritating gastric cifects typical of
the first generation NSAIDs [20).
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The design of dichloroisoproicrenol (32} (rom
woproicrenal (31} is, without a doubt, an unique cxample of
the contribution of the application of bicisosterism to
optimize pharmacody 1d pharmacokinctic properties
ot new drugs (Scheme 8). The replacement of catecholic
hydroxyls. present in isoproterenol (313, by the monovalent
chiore {Cly group n the steucture of dichloroisoproterenol
132y, represented o usehul steategy to obtain new anategs
ith hult-lives greater than the lead compound 31, since this
hiaisasteric replacement allows blacking vac of the man
sites of boli of this ¢ hot derivative,

Schewe 8,
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Furthermore, (ke dscovery ol dichloroisnprotercaot (3240
made feasble the comprehension or the retevance of
structural chamactenstivs of the cuteenolic subuat for
adrenergic actvay, adowing o pesieriori e discovery of

proacthalel $331 the first selective antagonist for adreergic
crinalol(33), discontinued during

receptors lor sabivpe fi. ¢
the 19808, was the precurser of propran
therapen.ic innev ation which revelutionized the reatment for
hypertension. The discoverer, Sir Jumes Black, reccived the
Nobel Prize 1 Medicine tor this feat and his diseovery was
the lead compound tor innumerous ather mere selectine
wdrencrygic (3 antugonists.

ERENTAEN

ety

Scheme H.

“The bioisosteric replacement of the bivalent oxygen ((3)
alom by sullur (8} results in a significant alteration i
lipophilicity, and may be used in the design of new drugs to
act upon the central nervous em (CNS)Y. Van Viete and
coworkers (Scheme 9), in their search for selecuve agonists
ot dopaminciac receptors, subtype 3 (D;), molecular target
for the design of anti-psychotic drugs, reatized modifications
i the hoxahydronanhthoxazine system present m lead
campaund 36, an analog contormaueonally restricted to
dopamine (34). of high potency and low selectivuy {21
Fhese structural modifications, based on the baisoseeric
exchunge of the metavlene ¢CHs | group in 37, by axygen
N and sulfur ($) atoms i compounds 3% und 39,
respectively, ailow dentification of twe new dopamine
analogs. The coctlicient of partition ot thio-tsostere 139, log
£ 1.62) comparcd o onsisoxtere (38, log 0 113,
showed ¢ i lpophilicity. a typical
consequeace of the bisisosteric eeplacement carried out
However, the deterownation of selectivity by the ditterent
subtypes of dopaanacrgic reeeptocs, assayed byt Aimding
sest. leads s o beheves 1w an nverse relationshup hetween

SEmant iner

' TR
(‘l/[\\/fl\n/ (/Lt\[‘[r\jj

Carrvens Stedvimal Cleaester, N5, 8ot 13 e § 2

the rcrease in pophiticity
1), receptors

and the seleetivity desiced by the

To understand the contabitions ol damiaaguinoline
subumit preseut in the structare af the fest generation
antimabanial chloroguing (CLQL 30). Chernku sl cowon
described  the attainment sod  determination o
phurmicolngic fiie of modified analngs of CLQ
tScheme 1) 22|, Ia this study, the authors carned out the
classic bivisasteric exchange of NH (o) Mf-anilinict and N
b, Neguiinoliicy wath the CHa and CH groups o the
structuee of comipounds 41 and 42, respectively, ubserving
the foss of antinulanal activity in the preseace of the

o, M

( ‘r‘lrlﬁ ‘/

N, Ci N i
N S N

moditications realized. Carbosisosteres 41 and 42 were
inactive duc (o the inhibition of Plasmedivm filciparm NK
54 or KU straing, cven in concentrations over 3000 nM
(CLQ, sy 8.5 and 150 nM, respectively). and abse
proved to be unable Lo inhibit the formation af’ hemozoine

o
8 \)H/-,u:
A

(YARRR)

Scheme 110

2. (1), Faamples of ang
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orocess with benncing, (he moleculur Grget of antisling) aroperties idertified in nucleosides sotated from scaweed
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hey 1 the oag fecelur
v en e compound theough
Droisosieram v well otsolbited i e phumiccesteal
wdustry, paveat studics by Tacke ami coworkers (Selicme 123
shiows that thus
the oy

coy

proach may be used elficrently o antenize
wteptic pengeries af corponnds used in trage.

ot industral ‘eteeest 24 L dus

s
wdy, the application ot
classic b gisostensi ot ietrasehstitated stons, itustrated by
exchaiige ot the varbon ateay (L), present in the steacture off
nuygaatol (431, by silicon atoms (8 and germanium (e m
46 and 47, respectivety, aliows the identitication af rew
standands of fragranced of syailictic uriga, Althoagh tis
isvsteric exchange s rare 1 deags, the moditication ot
molcctlac volame byt substinition ¢ a SEox Ge
productor Mo sosteres 350 b and 47, resals
confurmatnnal aed clectome sinaritics evidenced by
diftracl and Xoray studres and the determmanon of
clectrostutie potential theough the Program GAUSSIAN 9%,

dare vecently Showell and Mills eeported that one ol the
advantages of classic hoisosterism applicatn of
tetrasubstituted stoms inveluing the replacement ot the
carbon atore (Cy by the silicon $Si) atom in (he structure ol
existing drugs, based on the pussibility af designing new
drug-like vandadutes that bve beacticial bioksgical propertics
and a clear intelleciunl property position |25) (e fact,
according o Stecte, ja 2000, doss than 1% of patent
appl eclated to op Is containing phosph 3
silican or vther tess comnwn elements of the periodic table
[26]. However, although tus may seem atiractive, the
differences in atomie size, electronegativity and lipophilicity
between C and St atoms. associated with the instability of
Si-H bonds, in physiological conditivas prove the
applicatuliiy of 1sesteric exchange C x Stin the structure of
tew drugs t be guite liouted {25]
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Scheme 14,

Caerrens Medi il Chenristy, i fol 43, No. 1S

.2, Ring Rioisnsteres

ally the
et chasses (81, as
cortin specitic ok

Rty haoinsterism. o aitdon
relatonshen e

Mot treguent
a0l ditieree
heseer i Fie 2y ae

aphes will e
cununeuted upor

To (973 ¢y
catposid 38 17 e

syatieszed
atiy eelated
6 ser n? woedintor o
diiteren: physwlngical phenome ne 13y Phese
authars based Gicie fndings oa the peabable classic
brososter: attonrslig oxising benween the demdsoxazoke
wnd indole angs prasent o 3K and 49, sespectively, The
resuils ot these pharmacelogienl assays showed that
comnpaund 28 presected o type of sernioninesumetic

i 1Y, an wut;

ACUVUY, Rl Cven anti-serotonin, when ested on rat aderus
preparations fn conttast, dedvative 31 preseating the same
benzisoxazole auclens wm replaciag the mdele g of 51,
showed activity when iested with subsirate for serotonia
docurboxilase cazyme, dependent on S-hydroxytryplophane
31 ¢Scheme 13}, an indolic compourd which is the naturs!
substrale of enzyrie iovolved in scrolonin hiosynthe:
This example highlights the bivisosieric relatioaship
exnig belween the benzisoxizole rings and the indole
nueleus in 50 and 31, respectively, depending oa the
receptor site involved.

NE>
NH»
!

—
/

45, R4
50, RCOH

Scheme €3,

Applying classic bioisosterism in the design of new
seratonin reeeptar {3-HT3) antagonists Fludzinski and
coworkers (Scheme 14) described the obtestion of new
indazoiyl compounds 62 and 63 with important antagonistic
propertics of receptue S-1T+ [28]. These two substances were
developed as bivisosteres of 64, a compound which
possesses s main swructural charactertstic the hybrid

X Current Hedicenat Chemisire, 2005, 8 ol 12 N 1

Sck

cate 15,

character betwern serotonin (495, represented by the
ring substituted wm (-3, and cocaire (A3, rep

wole
esented by the
nature of the substiteent i C-3, a known wnlagosist of
reeepiors S-HE; [29], The hioisosteric relatinnsing of these
two nuclel was proven. in this cise, by the nesults obiained
in bivassays which showed for 67 a rate of selectivity by the
receptors S-1TT; superior to that of 64, when administered
intravenously as weli as orally. showing that the indazale
and indole moictics, when substituted cquivalently.
possessing the same electronic propertics and the same
standard of aromaticity, may be considered hiocquivalent at
the level of interactions with the same recoptor. However,
compound 62 showed u profile of activity supcrioe to 63,
adniinistered p .o indicating that 1he anudic bond present in
chain 62 is responsible for a owre fuvorable eral
bioavailabi

The application of ring bivisostensm was also
successfully explored by Binder and coworkers {Scheme 15)
[30( in developing new nen-sieraid anti-inllammatary agents
of the oxican group (311 This olass of NSAID was
discavered by Lombardine and collabarators [32], at Pliver
taboratorics i lingland, pirosican 66 heing the main
entative of this class of 1.1 dioxibenzene-t.2 hiazine
TA) synthetics.

Applying the stralegy of ring bioisesterism, Binder
proposed tenoxican 67, the newest member of the class af°
arylibiazine-1.1-dioxides, where the benzothiazinic nucleus

Scheaze 16.
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al 66 was replaced by the thienethiyinic moicty tScheme

15} [30]. This cxump'e represents the hinisosteric
relationship exisling butvee tic heteroeyelic rings and
tha phenyl greup The profite ot pharmacotherapeatic

uro:

activity of 67 proved (o be comparable (o that of 66, b

hle e he

adminestered i smgle daily doses of 20 mg
ceuse of its g plasmatic hall-ite, a desirable quality tor
cases of arthritis as well as astecarthritis, Both derivat

Y the same stechuenm of ariion, 2t the same receptur
cycloonygerase, an cazyme involved in
acil metabulism, {t s roteworthy that other ning
higisosteres af the structurat subumt level represented by the
BTA nucleus may possess the same phramacotherapeutic
profile as 66 and A7 (¢£.068} {331, being difterentiated from
other broisusteres developed by structural altcrations in thie
heteroaromatic ring, present i the carboxamide unit, whose
representative is isexicar 69, which possesses 3-
methylisoxazole ring as cquivalent of the pyridine ring
present in compounds 66 und 67 (Scheme 181, This
derivaiive was cecently taken off the market due to the
detmatobogic reactions it provuked.

o

es

“The similarity between the physicachemical prapertics of
the benzene (PE - 80°C) and thiophene (PE 34 °C) rings
it well fundamented and was used 1o create the concept of
ring bivisosterism ur ring cquivalents. However. the
exchange of the phenyl ring by the thiophene ring in the
struerere of bicyelic derivitives, should be carried vut

My
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Scheme 17,

constdering the possible aisomeres svolved mothis
replacement. Seadies ov Bluie and coworkers have dlusinged
very weil s e of replicement, s which the pheay] eing
of the mdohe nacleus, proseit (e sractuee ot fead
compound, VA dimethvlinyptamine (763 was roplaced by
the thiephene ring, iviay
thiene| 1.2 hipyrrole (71). dhiere{23-h pyrrole (72),
thieno[ 4.3 -b]py=role 173} (Scheine o) [ 4] However, the
results described by these authors show that with the

st to the mometic sysiems

exception ol the thicno[4.3-Alpyrrote svaiem (73), of

unstabke and ditficult prepacstion ather heterneyelie
isomenie systems are agtheniic Dioisosteres of the indole
ring. presenting atfimiy ard selectiviey by the serotonin
TCCCPIES s ar 10 lead compuound 70,

Cancerning the nea-sterard anti-inlammatory drugs
(NSAIDS), Almansa snd coworkers (Scheme 17) [35]

Currbns Sedecimed Chewestes, 5.5l 12 N |

408 IO\
10 M ICON-t)

yricridae fngs present in
vely  [he excharge of the
pyrasolic ring, present an ceiccoxib (301 by the
pyrazolol b S-alpyritidine system i 74, resulted in an

The wse of Fing biososterism may serve fur desegni
congenenic senes of lead compound candidates for new
drugs, m oview of the detailed study of the distinet
hobic contributons resulting (rom rings cquivalents.
has cevealed itseli as a fundamental tool
ning new me-too drugs, e, therapeutic copy {vide
ure 21 I x recent study, Barrciro and coworkers
described the application of ring bioisosterism for designing
funcuonahzed N-acvihydrazone (NAT denvatives (Scheme

Schene 1K,

W G Medicnal Chemar, 2065, 4l 12, e 1
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cavainment of now selegine acery enl
FACRE) whibutons dosigned by radificatinn. o the sing
ot the tead compound Lacaiee {501 (37 L Thew moditications
allow tor sdentieatnn of oow Dimsortere relsonship
existing betwesn e guimu’iie wcked e o

nyeiding in 77, which luve stown a sieiila iad
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Neheme 9.

o the ficki of antideprossives. bassosteric cin
replaceiment of a determined fead compound also periits the
dizcovery of aew agenis of theapeytic intorest, [n 39
Watthey and coworkers developed, at Ciba-Geigy
Laberatories, compound 79 as a beotsoster of miunseriae 78
(Schieme 200 [38]. As principai structural characleristic, this
substanee possesses the thiophenie ring integrated to the
eyche unit of this representative of atypical untidepressive
agens, which act as serotonin receptors (5-H'T) antagonists
{39} Once again, (his cxample illustrates the cquivaleney of
the benzene and thiophene rings, in distinct pharmacological
sctivities, allowing for o weneralization on the bioisosteric
refationship between heteroeycelic auclei of five atoms and
benzene ring (40].

Scheme 20,
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vtiedazal U2 wpyridiae denvatives.
¢ he dews FLEAT34 2 fead compound
WR05 i8eticrne 213 41 Later, these authors propy; e
Y ety landaso[ 1.2 alpyndine
ring. present i compottal S0 by the 2-methylquinoline
subunit. wk ving the new deesat g {51} asa
noteat hrudykinia recepioes ot st of nonepeptidic
structure

6 - NON-CLASSIC BIOISOSTERISM

6.1 Cyclic vs Non-Cye

3

of digretic substances of the
phenoxyacetic ol which ctacrinic acid 82 is the main
representative, we have tound innwnerous examples of the
use of noi-clussic bivisesterisim i the discovery of new
drugs. To develop acw divretic substances, with unic acuvity
superior (o R2, Hollman and cos oekers applicd non-classic
hiolsosterism represented by rrg-cfosing, or anclation, as a
y (o chouse detiniunas of new fead compounds for
diuretic drugs [42 . These authors warking at Merck. Sharp
and Dohme Laburatorics, peoposed compound $4 as a
bioisostere ot §3 (Scheme 22). The structure of 84 was
defined based un the anclation ot'the phenexyacetic chain {a)
of 83, which, in tum. arose hy the replacement of the
cthylenone tunction present in 82 by the thiophene nucleus
of 83, incfuding all four carbon atomis of the replacement of
82, there being a clear carrespundence between the carbons
with sp* Bybridization in 82 and $4. This type of anclation
in the cthyleavne chain of 82 bad been propased previously
by Chuillier {43-44], who descrihed the synthesis of 83 as
being an acid equivalent to ctrerinic acid (82 in s of its
divratic prapertics, while with superior uric properties. In
fact, this last compound cepresents vae of the first examples
sosteres of 82, obtained by application of nan-classic
sosteric strategics, Compound 84, proposed and
synthicsized by {lofiinan, presented a profile comparable to

In the category

5
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Neheme 22,

83, 1ts ueic polential being cven greater. Fartheamore, the
introduction ol the thiophene ring m 83 10 ceplace i
cthylenore subunit of 32, climinates Michacl ' aceeptor sic
present in the stracture of etacrinie acud 1821 respansible tor
the hepaiotovie elfves ot this drug,

¢ e

Suil on the subject of diucetics ceinted o ctacrinie wod
(821, Shutske and cowarkers later developed the sy ntheses uf’
new aryl-benzisoxazolyloxyaceue acids te.g.. 853 {13 hused
on the probable bimsosteric refationship cxistiey between
the avyl-he uritand the 2-acyi-duaphenyt moicty
present in acid 83 [46] (Scheme 225 This liusteative
example is sufficient o show the patentiat of the straiegy of
non-classic bioisosterism for designing molecudar
madilications in substances of pharmacoiogicai micrest

Shutske and coworkers successfully explered the
possibility of integrating the thiophenacyl group of 83 inte
one aryl-benzisoxazole nucleus. respecting the basic
pharmacoephore of ihi: of agents, <o as W assure, a
Ieast theorctically. an aciton throngh o stmilar mechanism,
e, through moleculur reengnition by the same aite reeeptor
In this example, the authors introduced 2 tactor of
conformational restriction ta $3, typical of con-classic
bivisosterism of (he losmy ring ype. Later, the same
authors [47| used classic bioisosterie nag to design
steucturally new heleroeyelic divretic cumpuunds from 88§,
possessing, now. the indazole ring in 87 and benzisattiazole
i 86 (Scheme 23)

Innumicrous other examples can tlusteate the validiny of
the us

of thrs strategry in discovering new bioacltve agents
wineh are more therapentically sitracaine A clssic vxample

i

Sehente 24,

Cuervent edecinal Chenistrr, 2065, kol {2, Yo 33

is represented by the discovery ui'the estrugenic properties of
rrans-dicthy[stilbestrel 8 (48], illasirating the application
of noa-classie ring opening b ism. This example
shows that the moiecutar design of X9 couid he earricd out
rom the opening of rings B and C of the sicroidal skeleton
of estradiol NS (Scheme 24). However, in analogy (o what
was obscrved! for estradiol (88), the activity of 89 ix
dependent on (he configurational sspects, such that, the
digstercoisemer £ presents an estrogen profile signilicanuly
supetior te the diastereaisomer /, with reduced estrogen
activity also being observed for the dihydrgenated
compound 90 {Scheme 243,

Scheme 23,

Another example of the application of nou-classic
biuisusteri
lidocaioe 92 (rom mepivacaine 91 {Scheme 23), contributing
to the design of the important anesthetic agent with
predominant antiarrhythmic properties. ideatificd o
posteriv

ploring the bicisosieric relationship between the
benzayl and benzisosazole groups, Steupezewski and
coworkers of Hocehst-Roussell Laboratorics [49], devetoped

sm can be illustrated by the discovery in (957 of

M Currcnn Medicisal Chemisng, 200%, 0L 12 Aot

aonewo series of

ralepte Companinds ol senes
Aich 9% dE W0 e of e,
o steactadly
ropresertatin g

e class ol aen lopres deorvial by
on which coneepln i e € Chaade s
carhon atoms oF the but ruplicnate « i of S a6 et
v ihe mperidine moieny ol Y30 the s renresestvw. 2 o

bioisostere of 94 yScheme 265 Tlese aetior, fadber
Jeveloped compound 93t whieh 1 bensisonasole e eus
hivisosicrically replaces he 4-hens osented
oy b 4 Huorobenzoyl ard in 93,

[

classic

Scteme 25,

In the class of non-steroid anti-mtammatory drugs
{NSAIDS) other examples were found of e wse of the
strategy of eyclic non-clessical biotwstedism {a 1987,
Muachowsky and coworkers {51 doveloped te systhosis of
o acw NSAID called cetreplue (1001 designed trom the
cychic non-classical bivisosterism steategy. exploring the
ring closing between the aceti¢ acid unit and the N-CHiy
moicty of lead compaund tolmetin (993 ¢Schema 274 {32 0
well known NSAID of the Fetecoarylacetic acid class 537
Tolmetin (99), in wrn, was developed by molecular
madification of the indomethacin structure 96, an important

D ive of the 3-indulylacetic acd class with anti-
inllammatory properties developed by Shen and coworkers at
Merck, Sharp and Dothme Faboratories m 1962 54|,
applying the inverse principle, r.e. noacyelic nanclassical
bivisosteric replacement.

9 : :
P Py J
0 -
rj\ N /\/L \ ;>

Scheme 26

la tahnetin {99) he indele subunit of indonethacin was
reptaced by the pyrrale ring carryimg the eyt unit in -2,
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wy the brocguivatvat a the juies chiomonenson ™ abcae
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Scheme 27,

fn 1973, Carlson and Wong demonstrated  that
homologation of the acetic chain of ¥7 leads w a aew ano-
inflammatory derivative, (-mcthylhenzene acctic acid 98
{Scheme 281, belonging to the propionic acid senics. a chiss
fauded by Shen (S5 in the light of studics on the
relationship between the chemical stracture of aryl and
heteroarylacetic derivatives, as peeseating & profile of anti-
inflammatory properucs greater then these of the acetic
series. Substance 9§, in fact, was scen W po anti-
inflammalory propertics greater than 99 and was cven able to
reduce adverse cffects on the gasteointestnal traet,
corroborating the previous observattons made by Shen

Considering this data, we may observe that compound
100, belanging 1o the S-acyl-1, 2dibydro-3//-pyreol(1 2=t
pyrrotyl carboxylic acid tanuty. represeats, at the same time
a bioisostere ot 99 and 97 iScheme 275 by wnelation of the
main phacmacophore unit of this Gamily and is 3 new tead
compourid of the NSALDs,

in 1995, Cubral and Barrciro (Scheme 28) applicd aon-
classic ring bicisosterism ax a strategy tor moteculas
medification [36[. to obtain analogs conformationally
rextricied (o ctodelac (1013, an importast drug with aon-
intlammatory, analgesic and antipyretie propertics In this
study it was possible (0 observe the aptimizavon of the
anulgesic propertivs of the spiro-isochromany!  acid
derivative (1033 whea coiapared lo lead compounds 1107
ad (102).

Li b
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Scheme

A stpplon exantly
found dnthe work by Aenett and o
authors develaped the syatiess ot v
the bivtsustenie reistiotabip oxishine botween the
senzimidazole ings and catectol subunit (3¢ aeme 29),
sased on isoproterenol (04, 5 cumpaeadd with |3 adrencryic
activity. Compoeand 185 proved o 90 a Measostere of 14,
presenting a pharanscolomical pratiae comparable w s level
ot $-adrenoceptors. I s case Wi praurtast o paiat oul
thut the teutomerism ol the bensmidasale tew present o
03, mumics, with a single proton.
atin L0h

S, mey be
Thuse

11y, exploring

Tipou

catechiolic group
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Scheme 29.

{n a similar context. Barreirg and coworkers deseribed the
lassic bicisosteric relais between the imdanone

ring, preseat in the structuee of the prototype Nusolide (106)
and benzodioxole unit present in compound 107 {Scheme
30) (58.88). The resulis ebrained (o thes study stlow us o
identiry a new molecudar standard ot prostaglandm Y

Current Medeoinal Chicnrestre, WS, i ol 13, No. S 37

oo
S
i

- v e
ARl 5N

bnbattees, e wel) s Lo

iCInoRN(;
Behween e indaronc and
hersadiocale rings, suggesting suniiac prodiles of
supramoicetlsr interaction with 1he casvae invelved in the
pharacolugical response of the Tusstide and the derivative
[ ASSBia 121 {107), possessing (B¢ benzodioole moiety
trom satroke, an abundant nateral alilbe
Piper spp ad Ocotein spp

synthase-2 (POHS 2
the Sietteome similaritics oxiste

ZeRe present in

Letlunumide (108), an isoxazole impsnosuppressor Grug
that can preveat antibody-mediaies sopection o heary
senolransplaatation, is s pea-deug incteholized i vivo in ity

active b ide (1090, To (his
N
/e
N
N
¢
i
103 !
|
1
[ on
NeZ
S |
w
05

way, knowledge of the physical, chemical, conformational
and configurational characteristics of this metabolie are
catial (o fead 1o the design of new immunosuppressive
drugs, acting through mechanisms of” action common to
leflunomide (10: Among the conformational and

s
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Sckeute 3L

carhany! system, refernag o the aouble boad geomeiry,
possikle for P d
169, the S-cix contorner {1981 and Z-conf
derivative (10981, were found in X ray crystailography (09 {B1) and 110
31y The presence of this siogle identification of a aew bioisosterie relationskip between the
1 be due 1o the stebilifization from the pyrazole ring and the hydroxyceyanoprapenanude subunt, as
formation of intaamulecutac hydrogen howds involving  well a
hydrogen in the enolic ~
function |39]

studies (Scheme
diastereosomer mi

anak,
mimic

e, 2005t ol 17 e f 1 ma and Basveire

e v

¢
[
r .
=
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s,

azole derivative 1O dematsteated the existence of 4

In an cffort o correborate with  this
experimental evidence, und 1o corclate it with the eventual
bivactive canformation at hydaxyeymopropenamide
Papageargiou and cowarkers proposed moditications in the
stucture of metabolite 3098 wad 100G, applying non-
classic strategics of ring closing biomostenism {Scheme 32),
fn this study it was possible (o desi
1110 and 1113 confor
diastercoisomeres £ and 7 of

ical

ed hydrovy p 1¢ tautomer relative o the pyrazse riag. evids
yuration similarity of the spatial areangemend between catnpounds

sunvwary, ths study affowed for

validating the clucidation of the hioactive
tem with the oxigen of amide confonmation of the active metabutite ot teflunomide (10K).

[t is important to puint out that the greatest
conformational restriction ever reached by way of a anelation
process may annul ihe possibility that the newly derived
molecule adopt (he broactive conformation necessary for itg
mulecular recognition by a determined bivreceptor, o
in the loss of activity when compared o the acyelic lead
compound. This concept may be well illustraccd by the
works of Macchia and coworkers who described the
attainment of piperidingl (DDP3, 1E3) feom noradeenaline

199y

u two novel pyrazoles
nationally restricted which

hydrovy

wsteren

Scheme 32,

prog 8
results obtained with compounds 110 and tH demonstrated
that only derivative 110, whose structure was equivalent to
isomer Z of 109 was active in the bioassays
realized. Furthermore, X-ray studies carried oul with the

de (1094, The pi I
11084 The (112) (Scheme 333, applying the strategy ot anclition or ring

closing [60]. In this study, the authors observed an
expressive 1oss of affinity by the a and o adrenoceptors
obseeved tor the DDP3 derivative (1134, attributed to the
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The moteedd e design o naratriptan (TES from the bead
compornd sureiptas §114) {Sehuae 343, the first gonist
of serotunr receptors of subtype SEE 5 - conunercial.zed
for the treatment o mgemng, ilusteates how an ingresse in
maolecelar volume from 2 ring process may be explored as a
subtertuge of actabolic protection, 10 obtain new kead
compuounds wath mere appropoace halt-lves (61|, fo fact, the
intzodition of the hexahvdeopyading ring 1 the caratnptan
strecture {113) revudied in protection, by sieric blocking, of
catbon (-anuee from exidative actions of hepatic
metabolisey, woach act as an anadog of moroanune oxidases
(ke MAO), produc
derivatve,

¢ eorrespordent indolyl-acetic acid

\
N - CHy
"
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N A
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i
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Scheme 34,

6.2, Non-Classic Bi

sterism of Functional Groups

The landmark of the recognition ot the importance of the
binisasterism ot fanctionsl groups is the discovery of the
anubacterial propertics of sultanilamide (117). Sulranilamide
(T an active mctabolue of Pronto:
revolutionized Chemotheeapy during the 05 and the later
clucsdation of its mechanism of mofecular action atlowed
evidenee of the similarity of (s structure wath parg-
armobenzoe acid (PARA, 116). These similanities. based
on electrome and conlormational aspects, as well as the
physicochemical praperies such as pRit and log P_denote an
wuthentic biorsosteric eclatmaship existing between the
sulfonamide (S0, N3} and catbuxyli acid functionalitics
OO 03] {Scheme 35)

Diverse functional geoups ace kiown tor theic bioisostens
cclationships with the carboxvlate geoup. Some cxamples ol
the hioisosteric replacement ut € OOIL by 1 tetrazole group
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lhe detrasole group mumics the carboxyiate group,
peincipally w teoms of s piysicochemical propertics refated
to acdity, altheagh the former be more stable and
tipophiite, These ditterences atiows this bioisostere &
present 3 geesice possehiliy ot vvercaming the blood-brain-
bartice, with the type of tropism
act b}

° i
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[ECINE]

oeable o the desired

Scheme 36,

Another more recent example ol the bieisosteric
refationship exising between tetrazole and carhoxylic acid
groups may be seen by compartag the structures of losartan
{120), angwotensin receptors antaganist approved in 1995
treat hypertension with the icad compound EXP 7741 (119
{Scheme 371 [0

|
Slwon
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O, (Emghyg W [ .39 my

Scheme 37,

Derivatives possessing a hydroxamic-acid instead o a
carbovylic acid function hive becn developed @y carboxy fate
higisosteres. Among other examples, compounds wilh anti-

Hergue properties presenting this function have been
nthesized f07-68] While in certain cases the meiabalic
Tahility of ~CONIOH function, has been demonstrated,
which would merely characierize a pro-drug cffect [60],
hydrexamic derivative 120 (Scheme 38, designed by

W Cuamenr Sedicinal {emivur, 2003, Vol 12\ |
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Che discovery of oxatalrestat 123 [FG{ des: ned a5 a
classic boisosicre ol telrestl 122 ¢Scheme 393w puent
sldose reductase mhibitor [ 71 Hlustrates the non-classic
bresosterie relaucaship between the incton.i
thicamide (CS-NH-) and amide (CO-NH-}

TR
iy
—X
=
¢k,
122 28

Ncheme 39,

Tolrestat 122, currently undergomg clinical assays for its
use to treat complications arising from diabetes. may also
itlustraie the classic bivisoxteric relationship between the
monovalent groups -OMe (122} and  SMe {123) Swgnificant
differences as to the metabolism of these molecules may be
cxpected. however, in view of the possibulity that sulfur
undergoes speeific metabolic axidation

Other common examples af amide functiv dioisosteres
mchude the “retro-smide™ groups. o0 A-CONTLB - A
NHCO-B and alkylydene (CH CHy [4,72

obet and coworkers used the principle of non-el
bioisosterism of functional groups (a propese the synthesis

7N
ki )
== W .
s

Scheme 410

Lima anid Baveciro

cations 1 foad compuund
iNcheme 4By HbL rdeetiting the
novostgoe relaionyup Setween e itiesane ad
sttt fnetas,

Thin satrie type of bioisusteri
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srtad dunng the develspment ot cimetiding by Guaellin
il cethers

sonship betwedn the
nomniee -0 NSCN rougs was
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Kchewne 46

e same type of bioisosterism was further used by
Yamanads and coworkers (o deveiop pyridazinone
ttves 125 and 126 (Schemce 419, which present a
simifar spectrum of antiuleerative activity. while atso
presenting g classie b e rel ship between ihe
substituents of ihe alkyl chain represented by (the
repiacement o -ClH,- with NH- group (73]

(n the guest for new selective agonists of potassium
channels Butera and coworkers carvied oul modifications in
the structure of anti-hypertensive lead compound pinacidil
£127) (Scheme 423 “74]. ‘These authers described the
replacement of the V-cyanognanidine (emplate. preseat in
pinacidil (127), with a 1,2-dizminocyclobutene-3 4-dione
moicty atforded a novel serics of potent Madder-selective
agomists of the K ypp channel £2X and 129, as a novel drug
candidate to treat urge urinary incontinence

Another important example of nen-classic bososterisim
of tuactional groups may he exemiplificd by the isosteric
relationship existing between the suitonythydrazone and
acylhydrazone functions, identificd in studics by Lima and
coworkers (Scheme 433 |75, In this work, the authors
demonstrated that the acylhydruzenc function (CONHN-CH)
may be cfiiciendy ceplaced by the sulfonylhydrazone
function (SONUN=CH) to dexign acw anti-inflanimatary
and analgesic candidates, despite the subtle ditferences
between the pKa of these groups.

During rescarch to obtain new diuretics, analogs of
rasemide (132), Wounters and eoworkers demonsteated the
bimsosteric relationship existing between the sulfonylureia
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(13 w! fonylinoareiad ogtianidine (1345
and subtonviarina functenalities
(Scheme 341776 These authors deonsirated that winle
these groups present similur clecteo and geomet
L duterimmed by X ory hy and similae

propurt Y 5
acidity (pKa 6.0 o 6.7, compaunds $32. 133, 133 and 133
cach possess @ distinet tpophilicity, expressed gl
values {Scheme 443, The phaemacological results obtained
for compounds 132, 133, 134 aad 135S in vive show thu
thetr diaretic pate in ty proportional to their
lipuphiticity, o tact whicl may be explaincd considering that
the diueetic activaty of these molecules is the result of
intuhition of the No® K° 2CT cotranspurter located on the
fununal membrane of the thick aseending imb of the loup
of Heole, and aat the glomerular (iltration process is
generally enthanged fur bydrophytic compounds, while
tuhular reabsorptian is increased for lipophilic compounds

The importance of ionotropie receptors of glutamate
(iGluY, the principal exatatery acurotransmittor in rapid
synuptic signal s ol leaming
and memory are well characterized and the deficits within the
glutamatergic sinalmg pathways in Alzheimer’s patients
W part, explain the loss of cogaitive function af thrs
However, the wse of gluamate to treat Alzheimer’s
i it because ot iy iradequate pharmokinetic
properties in the biuphase  Chus being, diverse research
groups have seught o design new analogs of glutimate
{Glu) with a hair-lite and lipophilicty superior 1o Glu
Recentiv, Steasbol and coworkers proposed replacement ut

Carrvens Medrimal Cleemastry, W65, 5ol (2 Ne J 30

J V en
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EDsp 175 miKy thipawnsor effecty

the carbanylic acid
fydrosy-1,
(137, by
(139 are

oup, present i Gla (855 wuh 3-
thiadiazole ¢130), 1-hydroxy-1,2,3-t0
syimidazole (138} and hydroxypyresole
s {Scheme 45), observing that with the exception
ot the imidazoie derivative (138), atl the oth mpotinds
preseated similar affinity for AMPA receprors, without,
hawever, showiny significant afliniy for the other glutumie
tonatropic receptors, £ . NMOA and Kainate receptors |77}
Fhe abseree of setivity of the derivative containing the |-
hydroxyimidazole ring 138 may he explained by the basicity
of tius compound. Actually, the experimental determination
of pKa value of the A-hydraxy group of 138 was found to he
wl least theee pKa units higher than those found for the 3
hydroxy-1.2.5-thiadiazole, |-hydroxy-1.2 3-(riazole and |-
vdeoxypyrarele subuaits.

In developing of new drug candidates
cerebrovascular ischemia designed as (RS

<y-5-methyl-d-isoxazolyl)-propionic acid [AMPA)
ists, Jimonet and coworkers described the
anainment of imidazof{,2-alindeno-[1.2-¢|pyrazin- 2-
substituted derivatives (Scheme 461 [78] These authors
propuscd the exchange of the carboxylic acid function in €-2
(1403 by the phosphonic aeid (1411, tetrazole {1423 and M-
muthylsulfonylearbocamide groups {143) (Scheme 46}, The
rosults obtained show thit all of the isoster dicd present
aftinity for the AMPA roceptors, in varying degrees
However, the sclectivity measurcd by way of AMPA and
NAMDA  receptors s significantly affected by the

treat

replacements realized, such that the tetrazole decivative (142)
/\u
- N

AT Cerem il Chesisiry, 2005, Sl 12, Yo 1

pha 665 .
tog P 04S

pRa=6,25
g P-1,02

Schene 44,

proves ta be approximately 10 times more selective than the
comesponding carhoxylic acid derivative 1140)

in 2001 Habeeh and coworkers described the design and
synthesis of acw anatogs Tor celecaxib and rofecoxib, non-
steraid anti-inflammatory drugs of second generation
reporting for the fiest time the bioisosteric relafionship
existing between methylsulfonamide, methylsulfone and
azido functional sroups (Schome 47 |79]. Actually, many
thors have reparted obtaining aew PGHS-2 inhibitor.
using both classic as well as non-classic bioisvsteric
strategies. The bioisosterism  of methylsultenamide
(CH3SONH-), sulfonylamine {-SO;NHCIly) aad
methylsulione (CH;S05-1 functions, for example, is well
characterized within the class of selcetive PGHS-2
inhibitors, as are its conteibutions to other pharmacodynamic

Scheme 450

Vi aied Bavveico

! ~ LG
1,
e
sha b

and pharinacokinetic factors | S, The results obtained from
the studies by [fabeeh and coworkers revealed that the azide
group { Nz is capable of realizing electrostatic mteracttons
(ion-ion) with aming acid residues from the active site of
PGHS, tthe example of Arys;s residug), beng, however, an
authentic bivisostere of  methylsulfonamide  and

hytsul functions, p ting ble molecular
volume and electrostatic potential,

Quinycldine (MK}, designed by modifications i the
natural wlkaloid structure arceoline (147), 10 important
non-selective muscacinies (M1 and M2) receptors agomst
with marginal actions on aicotinic ganghionar receptoes.
However, the fow selectivity associated with low therapeutic
index and inadequate bioavaitubility. have annulled its use
for treating, Alzheoner’s disease. tnan effort o aptimize the
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oposed the exciange of the methyl ester
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group in the sieuctare of compound 149 {Scheane 483 88,
similarites beiween te
methy -oxadiazole and methyl ester groups
£ actvity of (Bese detnvatiy
However, the metabolic stabalty of mettvboxadusoic
rer than o hat found tor the
guintelidine lead compouad §14%), contesting o corpound

well s i th

Cuerens Seicimed Cheniste,, S5, 8ol 12, Vo £ 33

t

i

wnple of & baisostenic replacement
co functonality with an oxadiazole moicty, for
uaproving the metsbolié stability, can be iltustrated in the
developmeni of evelin-vepenslent kinase 2 (CDK2) inhibitors
as anticancer s, Despue the potens CDK2 inhibitory
activity fourd for compaund 2-aminu 3-thio-substitnied
thiazole (150, 1 lachs oollular zeiivity n ecll proliteraiion
assays due o hdrolysis of the cihyl oster to the
corresponding cachoxy it i
COK? inbibitery activity. (n a attempts o increase the
cetlular stability of 150, Kim and cowarkers realized the

o

s
0 159,72 VP GHS 1)
100,196 (£ (1
812

N, i Al
=
N
Ny )
[ cry

10 <108 M PCHS -6

i, hat is campletely devoid of

A4 Curvcar Medivimat Champy, 2005, 89l 12 Mo,

feplaveiaent vl e etovl evier withn 3 bindzoste varnie
ety led bo cempoend TS (Sereme 4910 whach s

st stanbe g estoiases, maiclany the
st v wcrcased COK Y ntthitory wtency as

s peetent and prelderatve aets v o conee ol lines

Nonctheless. bivtsosterie replacetmene of the ester with
avazale und other heteroaromatics nay not be aniversally
cctive, as dommnstrated by Dhanab and coworkers in the
eres ot bighly selective and
potent phenylalaniae derived CCRY sntagonists as anti-
tlammatory 2ecnis (Scheme 54). While compound 152
wias highly < ¢t blocking both the bindiag and the

desigit and synthesis uf

Sc

eme S0

functional acrivity of a oumber off CCRY ugonists.
compound 153 Jacks all CCR affinity which suggests a
rare subtle rule for the ester moicty that the heterocycles
were unable W mimic [7]

o identify non-aromatic hwisosteres, aliernatives of
carboxylic estors, Bromidge and coworkers described the
synthesis und derermination of the affinity of ketoxime
cthers decivatives {134-156) for muscarinic reeeptors in rat
cerebral cortex (Scheme Sty [81]. I this study it w
possible 0 contirm the bivisosterie relatianship existing
hetween the methyl ester (1181 and {£)-ketoxime cthers (154}
tunctivns, and the Tater use of additional classic bivisosteric
exchanges of monovalent groups, led 10 the attinment of
optimad compound F36 (Scheme S, which present o pKa
value interior (o that tound Tor lead compound 154, resulting
10 a deerease in basicity, facilutatic through the
Alood-heain-barrier.

s

The application of the stratcey of luncuonal group
broisasterism in drug designing can be well ilustrated by
planning new andi-convulsant agents steucturally related to
y-aninobutyric acid {GABA), a0 ntubitory ncurotransmitier
of low moleeular weight, GABA's polar and hydrophilic
nature mskes w8 use impossthie For treating epilepsy, ia
view of iis eapid inactivation and cxcessively Jow logP. In

Vi and Burreico

dietr senecl oe CABA ameotransicrase inibeon, the
casyre responsibte (o GABA - catsholism Gy and
wawarkers propescd stractuiad cwodifications fa the
¢ GABA based an the upaleation at
functinna grotps [82] e s
ange of the vatbuxyl

ey sGhae

ACO-Lassic bunsestensa o

Study fhe suthors crmed oat the oxe

acd groop (pKa ceo 330 present in GABA wath 2,4-

dittuotapheno! (pRa 7.1} subunit present in compounds

7 and L3R (Schicme 523, obsenving ihat both corapouns

having Ki vidues of 6.3 pM acd LM, eespectively Th
compouids. were tested as substrates for GARA
amiaote: ¢ by the rudiochemical proceduce of

measuring the conversion ot [0 e-ketoglutarate o
[44C |glutamate, and bath were pour substrate. These results

suggest that the 2.6-diituorophenol group may be an

authentic fipuphilic bivisosiere of carboxylic acids.
[ LN
N7,
([\T aci,
7
N7 -
iy
Scheme

b
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Vb nticony
s biton has

ntactivdy eackes by way of twomtee

roved to be al tandeirs therapentic
relevatee. moview af the recent FDA wppravat of
aoproved to tean “ormbossbolic disarders, 83(. However,
the areat callerge of ts vlass of therapewue dings 15 ia
nbtumiy, lead corspoueds of sdeguate oral vosvala
NAPAD (139 iNcheme 830 15 a hegh affinity reversthle
whbior of thromine (Ko & oMy und fow oral
havadzbitoy Many studies have saggested that the
wnaicquate pharmacokuselic propertien of NAPAP 11591 and
v etructursliy eelated derivatives s due o the etevaded
it of e benzamudine fyneton (Ha pKa 121 Ta deal

NAPAP, 159

Ncheme S3.

with these pharmacokinetic hmitations, Rewinkel and
cuwoerkers propesed (e bioisosteric oxchange ol the
peizamiding group by the T-aminoisoguinaline furction
(Scheme 539 [S4] In this study the authors demonstrated

e

Carrens dodcinad Clremnistey, MV, ot 11, No 133

<. the atherent basieinty
s suliicient G guarmnty
atd vesidue, present at

ubsorption tCicer- 2} NS Nuncthe
of this functon (ta0, pRa 7,3
(R iRteresions Wi sy Jre
the thrombine catalyte sue, and hiale memibone
permcability. Thus, replucemient wf the highly  bas
benzanidine motely in NAPAP 11391 wuh L
aminoguineline vieided new thrombin inhibior and
conlirrng a new ovisling bivisestene relstionsh between
these lunctions.

[ tae counse ol svarchiog
FECCplOr ARagonists, ©

affinity dopumine D3
I

isosteres. such as pyrroles. ovavoles. and thiazoles were
investigated by Einsicde! and coworkers (Scheme 54)
Replacement of the amide sultopride {1613 by 1 pymele ring
led 10 compound 162 which maintained atfinity for the

that the bower basicity of the Y-ami line group
(P 7.5y conferved a greuter wbsorption to compuund {160}
determined uxing colt monolayers as 2 model for intestinal

Scheare

d D3 recepros and introduced modest selectivity
over the depamias D2 receptor. Replacement of the
benzamide with oxazole subunit resulted in compound 163,

A& Carcnr Medicinal Clromisere, 2003, 1 08 12, No, 1
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fneurole e
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6.3, Che Versatility ot Non-Clussic Bioisosteesisin

A soeetielar example af ron
wollasirated
TR

vhassie dlobseostersa tigy
- the wark of Macchin ane cowarkers,
i steric relalionsedp et
fng (o3 aad the methylenczrminoxy merhyl moiety
EMAOMM, 164 (Scheme 553 TR6J These awhes. studsic
ttre syitkesis of new non-steroid act-infizmmaioey agents of
casy synllict gccess. prepazed substance 167 possessing the
MACMM funciior as bioequivaleat o the benzene cing
P The results observed in the asti-inflanmm, tony achivty
of 107 and derivatives, n comparison w.eh standard
diclofenac (166), ae aryl-acetic acid anti-inBamaatory deug,
prove fiis amazing bioisosteric relationship {6}

een (he hevrene

@ b

NMAONM

it

167
Scheme 35,

Muare cecenily, Balsamo and coworkers described the
aiinment ol aew sclective inhibitors of PGHS-2 isoform,
applying bioisosterism as a strategy ot molecular
moditication {¥7}. This study also 1lustrates the non-classic
hiotsosieric refationship between aromatic rings and the
nuxy methyl moiety (MAOMM ) tScheme 561,
However, it must be considered that introducing the oxim
cthee (O-N Ci-) subunit in 169 introduces inexistent
malecular characteristics in the structure of lead compound
SC 57666 (168)

methylencan

o
adi

Sehewe 6.

6.4. Retroisosterism

Retenisostesm ix based on the mversion of « determined
tunctionat group preseat in the fead compound structure,

producing an isostere with the same function {Scireme
This strategy. just as the other bisisosienic sirategies

L asndd Burvern

coruncied an o e deper. aicts o emiowre (e
properites of the onging. lead
w ing e peafile oc
os wath balt

RUNTENCNETE

deswning ¢
e (0 UG APULIR dae AL BIEY evan by
et e v the tornation of potentiatly
tonie anctahnlic wteroediates

T e

sea 1

} Rt s

" u . -

Selicwme 57,

I s recent study, Laves and coworkers descabed the
extsting  retruisosteric ecwhonship beiween  the
ety sulivayunine and wmethylsuitosamide tunctions
i5cheme 381 present in the structures of new seleetive COX-
2 abibuter Iead compounds 170 and 171 (88]. This type of
retrassansieric relationshup confers metaboite susceptibility
and disteact pKa valucs belween compounds 178 and 171,
whate the greatest activity found for the methylsulfonamide
denvatne 179 may be explained considering the prufile of
nczaction of this group wiih the Argsyy and Seres: amino
acid residues present at the cataly L tavored
n E70 when eompared o the 171

oo ; i
R T e
e e e s=0 ¢
N T%‘
o
! o

Nelieme 38,

sed on studies of molecular modeling, Barreiro and
caworkers proposed two new molecular standards.
excaplificd by compounds 172 and 173 as new candidates
for second generation ant-inflammatory drags . The
molecular design of 173 from the lcad compound 172
(Seheme 39}, was realized applying the strategy of
retrotsosterism [14] and aimed 10 minimize the possibility
of cletrophylic species formation {176) (Scheme 39),
potentiaily toxic, obtaaed by the action of enzymatic pool
involved in the lism off biotics. Furth ¢, the
use ol retrobsosterism for derivative 173 cnables the
formanan of inteamolecular hydragen bonds. which conter
greater conformational restnetion allowing the prediction
that derivatves 172 and 173 will present phacmacokinetic
caoncerning  the  process ol metabolism and
phiarmacodynanics distinet prafiles

Among the ditferent categories of 3-lipoxygenase
iabihitoes £5-LON), dhe hydeoxamiv acids stund out acting
through the formation of compleses with the Fe'' jon
preseat at twe cataly tie site of S-LOX {thas been shown that
alitiough many hydroxamic avids are poteat inhibiters of the
envvne i vitro, they fail W0 produce significan inhibitinn
i viva. This dwclioto beoween i vitro vs o vive
pharmacoiogical results can be oxplained hased on
pharmacokinene studies realized with duferent hydroxanue

¥
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acuds [W9] In ciese studiés T owas demoasirated that
hydeosamic s demsaiives (eg. 173 ure rapidly
metabolized o corresponding mactive carbosylic aad

rerrr

Scheme 60,

derivatives, which are unable tw diock feukotriene syathes
Taken wogether these results suggest the pharmacuphone
profile of kydrovanuc acad subunic (CONFOMICH ).

Later, Sunrmers and coworhers (19953 [90] demenstraced
that hydroxamic weids with S-LON inhibitor activity have
small substitucats thydragen or methyl} attached 10 the
hydraxamic acid nitrogen and refatively lacge groups (aryl
ring systen) uppended o the carbonyl group. Based on this
ohservation. the authurs proposed the attainment of the
retroizostere 178 (A 631621, through the apphication of
relrpisuserism strategy m the ftructure of |

77 (Scheme 64 (90 Th
hehavzor v retamsostere 178

compound
study of the phanmacokinctic
(A 63162 revealed that whea

Scheate 61.

Caerrens Medicimad Cleanstey, 2005, 3ot 12, Vo |

~
i
N
o
R N
L
-

o' o ® 76 o n J

R ahiuanate, sabfate

ademimistered weally to eats, this cetroisosiere produced higher
plasmy concentrations and loager dueztion. For example,
campound 178 produced peak plasma concentrations m the

c”"/N
il
s/
// o /
[ A—

A 63162
(k1

raws of 140 uM a1 3 bafter & 100 mg/Kg oral dose, while its
congener 177 reached a peak level of only 15 pM 30 win
after dosing,

om the pharmacodyeamic point of view, the
pharmacological assays carried out with hydraxamie acid
177 and its retroisostere 178 (A 63162} reveal that 178 was
significantly more potent than 177 in inhibiting in vivo
leukotricne synthesis i the rat peritoncal anaphylaxis
model Following oral administration. 178 (8D, Rfmg’Kg)
was 5-fold more poteat than 177 (EDsy  40me/Kg ).

The unmistakable demonistration of the benefits of the
strategy of retroisosterism, applicd tw the class of 3-[LOX
witibitors. may he well ittoaxteated by the attioment of

=
180

88 Cavrons Weativmat § fomiry, 003, Vol 12, N, {

Frentn (¢

A1t G seleetive 3-F 00
anprovad by the 14 (@ teont as
sherstoicn (9] i

adeoramie acd s

whibite o tecere
e disanered 1 Abeny

estilts ohtaped wan

feati ot e

sutriusteism sgegy i the siucihoee of fead comound
DY bl ed e wsiement of ¥ hwdronyaeea denative 1RO
friletton) with a bell Lie, oeal ¢ amd cunbiony
e 613 92

poteney nreater i fewd conmpoznd |9 (8¢

7 FINAL COMMENTS

As wy bme demoasteated e ihis paper. ool
ments made o sclested cxamples, the blosostecism

e

represeits in rationsl drug design @ sucee sirategy.
wsetul e the melecelar moditication and design of new

¥ feaciove substances of  diffecent
pharmacolagicat classes inciuding the design of me-too
drugs.

therapeuticaliy

e correct use af the strategy of molecular moditication
also slows the wentification of new classes of lewd
compaund with attractive pharmacatherapeutic activity,
minimizing the offorts of syathetic work and. consequentiy,
wasimizing the chances for suecess in discoy
madications both iore eiticient wnd of safer use

ering

In this paper, we have also demonstrated that drag
discovery may be plarned “ad hoe”. when determined
theoretic principles of Medicinal Cheristry are carefudlly
applicd, thus allowing 3 prediction of the structura? effeets
which gavern phramacokinetic factors, such as absorption
and bintransformation: conscquently, m theoretical terms,
we are able to predict the expected bioavailability for the
new bivactive compound designed us new drug candidate
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