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Abstract: This review aim to demonstrate the role of bioizosterism in rational drug design as well as i the
maolecular modification and optimization process siming to improve pharmacodynamic and pharmacokinetic
properties of lead compounds.

A bioisostere* is a compound resulting from the
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exchange of an atom or of a group of atoms with another,
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broadly similar, atom or group of atoms. The objective of a
bioisosteric replacement is to create a new compound with

similar biological properties to the parent compound.

The bioisosteric replacement may be physicochemically or
Impact Factor: 4.94

topologically based.
Glossary of Terms Used in Medicinal Chemistry

* Bioisosters can exercise their biological activity
on bioreceptor, whether through agonist or antagonist.
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Bioisosterismo

Similaridade
molecular

Grupos
funcionais

1919 - Langmuir

1925 - Grimm

1932 — Erlenmeyer

1951 - Friedman

1952 (1970) - A. Burger

1979 - Thornber

1986 — Lipinsky

1996 — Patani & LaVoie

2005 — Lima & Barreiro (127 citacoes)
¥ 2011 - Meanwell JMC)
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Tahle 1 — Classic hioisostere groups and atoms

Monovalent Diveldeni Trivedent Tetravalznt
., -OH, -MHa, -CHs, -OF. -CHo- =(CH- ==
-F -CI, -Br, -1, -5H, -FH,, -(0- =I- =31=
-y, —oE -5- =P- =I"=
~BE- =4 s- =P*=
“Te- ==h- =Agt=
=Sht=

Tahle 2 - Non-Classic Bioisosteres

1SIMO

¢ 20— ~COoH -5 MH, -H -CONH- -COOE.- -CONH,
s 20 -20sH -POCH)NH; | -F WHCO- -ROCO- -CEhH,
g —tetrar ole oo retroisosteros o
= _Sgim_ _SO,NHR funcionais Cl_aésﬁcos funcionais
7 p) _SOL1H, CHJOH “catechol
c -(ZOH- -3-hydroxyisoxazole homologos thenzimi dazole
o E —CH(C,N}— -2-hydrozychrom ones -WMHCOMHS  funcionais -CaHy s
c E-5-E funcionais -MH-C5-H, -CsHyI aromaticos
(E.-CO-E") =HN- -CeHs
© E-N(CHy- | -C{CI)=E’ -NH -2 {=CHIN Oy - H, -CaH H
m -MNH-Zi=CHCH-INH,
-halides de anéis
-CFE5
-CH
-H{CI,
-C{CIM)s

Lima & Barreiro, Curr. Med. Chem. 2005, 12, 23



Bioisosterismo

The Hydride Displacement Law

Grupo Grupo Grupo Grupo Gases
4A SA 6A 7A  Nobres

ndee 6 7 8 9 10 11
C N O F Ne Nat
yl ,CH NH OH FH
iy CH, NH, OH, FH,
yL—»CH; NH; OH;
H CH, NH,*

Grimm, 1925.

Lima & Barreiro, Curr. Med. Chem. 2005, 12,23



f »
i}

Elemenios de iransigho

-4
- T

—

¢

. -
.

101S0S
O

]

RSNG| FERCY | TILMECL) | WANLARES
= ﬁ'{ I:E'z - L 2
=

R Ta.tT

AT |
T T
e
L
_|JJ- i
i e



— s
T o e =

151110

il
AL

a

Yt
QO
=
o9
@)
0P
o vt
o
o vt
aa




0 O CH; O CHj
H,C
HQN\)J\ HsC HsC i OH
OH OH h.c OH OH
CH NH
glicina (gly) NA, NH, NF, ¢ i
alanina valina isoleucina (Ile) leucina
O Q OH O 0
HS
NH, NH NH, N,
- cisteina (Cys)
Serina y treonina (Thr) metionina
0 NH o o 5 0
HoN )j\ HO
OH OH
HN- N OHHO OH
NH; O NH,
lisina (Lys) arginina NH; NH,
Q acido glutamico acido aspartico
O 0O
o)
OH
prolina glutamina (GIn)  H,N HoN -
NH 2 OH OH asparagina (Asn)
@) NH
H o  NH o e o
N
Y/ NHe OH OH HN/\V OH
OH \ —
NH2 HO/ NH2 N NH2

triptofano (Trp) O fenilalanina (Phe) tirosina (Tyr) histidina dlieser © 2005



Bioisosterismo na Natureza

. 1|VH2 OH
purinas —
L (1]
HO OH HO OH
adenosina - adenina guanina ‘ guanosina

NH,

NH, OH N)jl
pirimidinas ())\

: A

Sppess

citosina "uracilo"

nucleosideo



Bioisosterismo

Modulacao de propriedades moleculares

Volume molecular (PD)
Polarizabilidade (PD)
Estéreo-eletronicas (PD/PK)
Solubilidade (PK)
Reatividade quimica (PK)
Ligacao-H (PD>PK)

pKa (PD/PK)

Modulacao do bioperfil molecular

B propriedades farmacocinéticas (PK);
E propriedades farmacodinamicas (PD; GF);
E propriedades toxicotoricas (GT);
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Regioisomeros
OH NH, H3C0:©/CHO HO CHO
L )9
HO HsCO
neo-ortocaina ortocaina

U U

para-amino = téxico  /meta-amino nao-toxico

NH,

vanilina iso-vanilina

odor caracteristico inodoro

Caso sejam bioativos, podem ser retro-isosteros nao classicos!



Bioisosterismo de anéis aromaticos

PIRIMIDINA
| X
=N-
_ C N
/
H =CH- 0 N =N-
N
AN
@ ¢ BENZENO ¢ PIRIDINA [ j
s
N
=CH- PIRAZINA
O O
\ N — -
N Né N
H =CH- 0 _N- PIRIDAZINA
N =M U
=0 U
N&N N&N N\NéN N/

1,2,4-triazina 1,2,3-triazina 1,2,3-triazina 1,3,5-triazina



fenantreno

antraceno

naftaleno

S
Cf?
X

N

tienopiridina

©\/j
o |
N

quinolina

tiofeno

o D 0O R

isoxazola tiazola oxazola imidazola pirazola




Exemplo de bioisosterismo de anéis

7-1H-pirazolo[4,3-d]pirimidinona 4-imidazo[5,1-f][1,2,4]triazinone
0O
0o Heterocyclic Jkl/(
core HN —
), O HN I Ny Template hop q‘S’p o Nl
4 3 ’ o “‘
l/\N S N~ N = K\N N
N \) Ll \)
Sildenafil 2003 - ca. US$ 2 bilhoes Vardenafil
Viagra® . Levitra®
= Pfizer 2013 - ca. US$ 3,5 bilhoes Bayer
March 1998 < August 2003

A. M. Jordan & S. D. Roughley, Drug discovery chemistry: a primer for a non-specialist, Drug Discovery Today, 2009, 14, 731.



Bioisosterismo funcional

acido hidroxamico tetrazola hidroxi -cromona

acil-cianamida 0) ?K’r
%2‘\ ///N ,“)‘\ _OH acil-sulfonamida
X RSN }\fﬁf
H H

hidroxi- \\ //
isotiazola OH

N H
S/ 0\\ //O sulfonamida
OH OH ‘H‘{S\N _R
acido carboxilico H
N
J OH o N
Hidroi s : ';Kn/< N—C N o 3 * O;gido
xi-isoxazola N >=O \“NH -
N\S/ \}N \QLE "’{ OH 2 sulfénico
H
hidroxi-tiadiazola fosfonamida

oxo-oxadiazola oxo-tiadiazola

Todas as funcées orgdnicas tém a mesma diversidade de isosteros ?




Exemplo de bioisosterismo funcional

Takeda,1982

Cl receptor de angiotensina Il

N

1\ AT cl
H.C ‘S\/CO H 1
3 MN 2 \ y, r;"\g\/c
H.C
C02H 3 \MN
acido imidazolil-acético

l:I>

O.H
N-NH

N

otimizacao
EXP-7711
ED5; = 11 mg/Kg losartana
1995
Chemical Formula: C,3H,3CIN,O,4 IC50=1,5 uM

Molecular Weight: 426,89 .
Chemical Formula: C,3H,3CINgO,

Molecular Weight: 450,92
D. J. Carini et al., J. Med. Chem. 34, 2525 (1991)



Bioisosterismo classico: propranolol

CH;
OH o) N)\CH
OH
R
HO
adrenalina propranolol

1964
GEET

i

OH
: l H
@ pronetalol

OH
H
C . a-naftol | NYCH3
T

isoprenalina / isoproterenol 1959

4-[1-hydroxi-2-(isopropilamino)etil]benzeno-1,2-diol OH

NC i e )
N T G

1958 - DCI James Black
John Stevenson
B-bloquedor







Bioisosterismo funcional nao-classico

OH
HO R
CH,
catecol
HO
ADRENALINA
OH cIJH3 OH cIJH3
A H
tautomeros N
N N
~ “CH;

CH; <\
N

/N
<¥1

benzimidazola benzimidazola



Bioisosterismo funcional

retroisosterismo

@ COQH C02H

N
H
(0)
Tiorfana retro-Tiorfana
ACEK; = 0,14 uM ACE K; = > 10,0 uM

NEP K; = 0,0019 uM NEP K; = 0,0023 uM

ACE = enzima conversora de angiotensina

NEP = endopeptidase neutra



Retroisosterismo

regioisomeéros
CO,H
HyCO ? /= CoRH
CH,
N
(0)
Cl
indometacina clometacina

retroisosteros



Bioisosterismo classico e de anéis

\
Ly S Cor) Q H«Z/Ezg

@CHS
S
o |I@
SC-568 0]

Celecoxib
pirazolo-pirimidina
1C59 = 0,6 uM (COX-2) ICso = 0,08 uM (COX-2)
IC59 =13,0 uM (COX-1) ICs > 15,0 uM (COX-1)
IS =21
IS v=125




Bioisosterismo por homologia (anelacao)

(0} NH2 NH2
0]
H,N
H,N
N
H N
H

5-HT,D ®

BRL-56905
5-HT, ®

anelagao

of o



Bioisosterismo de anéis

@ - CH, (Zj - CH;
-

UK46245

UK46021

(rricse do 1Anemsva) | e

molecular

i N\/\N
OH NJ

-

F

fluconazol
UK49858

fluconazol



Bioisosterismo & farmacos me-too

.
GlaxoSmithKline

Robin Ganellin ef al., 1974 Barry J. Price et al., 1978
US 3950333 1974, 1976 - SK&F US 4128658 1978 - Allen & Hanburys
Brit. J. Pharmacol. 53, 435 (1975). Brit. J. Pharmacol. 66,464 (1979)

\ cimetidina




