SUPERINTENDENCIA DE INDUSTR
DIRECCION DE NUEVAS C

2020
Begota, D.C.,

Abogada

DILIA MARIA RODRIGUEZ D' ALEMAN
notifieaciones@clarkemodet.com.co
INFO@CLARKEMODRET.COM.CO

. 818
IAY COMERCIO

REACIONES

—

SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

SRR

:00: CR
-2012-10-04 13:00:55 _ Dep. 2020 DIR.NUEVAS
"T'?z-(l:h ?1 Z%ATENTEIYII Eve: 378 FASENACIONALI

Act. 519 TRASLADOINFORME Folios: 11

ASUNTO Radicacién 10-10364
Tréamite 011
Evento 378
Actuacion 518 )
Oficio E=~17851
Folios Lh
Patente de Invencién Patente de Modele de Utilidad D
"Vig Nacional [:I |
Via PCT (Fase Nacional) X capituio | Capltulo li
No, Solicitud Internacional PCT/JS2008/070425

- Fecha de Presentacién Internacion:al 18 de julio de 2008

Como resultado del Examen de Fondo realizado, ¢
la Decision 486 de la Comisién de la Comunidad An

1. Documentos estudiados

on fundamento en el Articulo 45 de
dina, se comunica:

‘Descripcion: . [Folios 233716 | 2febrero/2010
- Reivindicaciones: | Folios 7172860 2/febrero/2010
- Prioridad: .1 US60/950456 | 18/ulio/2007 |

2. Anélisis de la Prioridad
Se acepta la reivindicacién de Prioridad porque
establecido (Art. 9 D 488), y su contenido técnico
reivindicada. ,

3. Obijeto de la invencién.

Titulo de la solicitud; “Sulfonamidas como modulads

El problema planteado eén esta solicitud con

moduladores de TRPMB, Utlles para tratar dolencias

- Para resolver este problema técnico la solicitud en
de la férmula () y composiciones que [o contienen.
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fue presentada dentro del plazo
corresponde con el de la prioridad

res de TRPM8"

giste en suministrar compuestos
relacionadas con dicho receptor.

estudio proporciona un compuesto
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El objeto de la presente Solicitud se relaciona con la Clasificacién Internacional de
Patentes (CIP): A61K31/381; A61P13/00; C07D333/36; C07D495/04.

4. Excepcién a la Patentabilidad (Art 20 D 486 literales (a) ~ (d))

El objeto de las reivindicaciones 57 a 73 no es patentable de acuerdo con el Art citado.

8. De la Solicitud de Patante
Reivindicaciones (Art 30 D 486, Art 22 PCT)

Las Reivindicaciones 1 a 52 no son concisas, porque presentan una excesiva
complejidad, lo cual dificulta determinar la extension del objeto que se busca proteger.
En particular en lo relacionado con los sustituyentes Y, R1 y R2, por tal motivo se
sugiere al solicitante realizar una restriccion de cada uno de los radicales definidos en
la reivindicacién 1 basado en una generalizacién razonable de los ejemplos definidos
en la descripcion.

Con fundamento en la descripcion se encuentra que los compuestos preferidos por el
solicitante son aguellos en que:

A B Y Rt R2 R3 R4
CH CH H Fenil 3,4 H H
‘ , | difluorometilo
Metil Piridin Bencil
Cl Tienil
Br Quinolinil
Isoquinolinil
Alquil Ci.4

Los siguientes términos de Ia reivindicacion 1: “heteroarilo”, "heteroaril benzofusionado”,
“arilohidroxi(C+.3)alquilo”, “3- o 4- heteroarilo, en donde el heteroarilo no es imidazolilo” y
*heterociclo”, abarcan una ilimitada cantidad de compuestos y no limitan el alcance de
la sclicitud.

El término: “aproximadamente, utilizado en la reivindicacién 74 es impreciso, por 10
cual no permite distinguir la invencién del estado de la técnica. Se sugiere sustituirlo
por un término preciso o un rango concreto.

La reivindicacién 1 y sus dependientes reclaman los solvatos de los compuestos de
formula (1). Sin embargo, la descripcion no proporciona informacién que permita a la
persona versada en la materia obtener los solvatos reclamados, no se divulgan la
propiedades fisicoquimicas que permiten caracterizar un solvato, no se indica el
procedimiento de obtencién, los solventes y condiciones del proceso que permite lograr
los solvatos ni se evidencia que los solvatos sean una solucién al problema técnico
planteado.

Expediente 10<10634 1er Artd5




La reivindicacién 1 establece que “A y B sean C(R
G es S(0),", pero la estructura (1) carece de un sust

8. Unidad de invencion (Art 25 D 486)

l.a solicitud no cumple con el requisito de unidac

021

%) y C(R®), respectivamente, cuando

ituyente G (FL. 717).

] de invencidn porque se refiere a

estructuras anulares diferentes, en consecuencia se presentan 4 Grupos Inventivos.

Los Grupos Inventivos estan definidos por las siguie

1.
2. Compuestos en los que A es CRy B es N.
3. Compuestos en los que A es Ny B es CR®,
4. Compuestosenlosque AesNyBesN.

Se sugiere presentar las Solicitudes Divisionales gt

Compuestos en los que A es CRﬁy B es CR®,

ntes caracteristicas esenciales:

ie considere necesarias, 6 limitar Ia

solicitud inicial a una sola invencién, eliminando de ella las otras invenciones.

7. Determinacion del Estado de la Técnica

El Estado de la técnica se determind con base

Solicitud de Prioridad: 18 de julio de 2007, y se enc

gue anticipan el objeto de esta solicitud:

en la fecha de presentaciéon de Ia
ontraron los siguientes documentos

Item | Documento | ] Titule | _Fecha de Publicacién®
D1 W09928306 | Benzenesulfonamide compbunds __10/08/1899
Comput. Sci | Chemical Replacements in ,
w4 2002, 42 103- 2 TP 2002
108 Drug-Like Compounds

D1http.//worldwide.espacenet. com/publicationDetail

s/biblio?CC=WO&NR=9928306A1&

KC=A1&FT=D&ND=3&date=1999061

08DB=EPODC

)C&locale=en EP divulga

derivados de benceno sulfonamlda Utiles en
neurcpatologicas (resumen, pag. 7).

D2 ensefia un meétode que extrae une a uno los ree

en pares de moléculas farmacologicas con la mis
completo). .

8. Examen de Patentabilidad (Art 14 D486)
Para efectos de la presente solicritud, se evaluarg el

Nivel Inventivo (Art18 D486)

La reivindicacion 1 consiste en un compuesto de férn

Comparacion de las caracteristicas técnicas esenciales, con |
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el tratamiente de enfermedades

mplazos de de los grupos quimicos

ma actividad biolégica. (documento

nivel inventivo del grupo inventivo 1

nula (1).

aL del Estado de la Técnica:




Xes 8. (pag. 1, linea 32)

R1 fenil opcionalméht‘e’
sustituido

Fenii opcionalmente
sustituido (ver figura)

R2 es cicloaiqu{o,'élquiio
sugtituido,

RS es alquilo C1-6 o fenil
(pag. 1, linea 40)

R3 es M, alquiio, trifluorometilo
R4 es H, F, Cl, metilo.

L.os sustituyentes del anillo
R7-R8, pueden ser:
halégeno, hidroxi,
trifluorometil nitro

(Pég. 2, lineas 8 3 10)

Caracteristicas esenciales D1 , D2
| 1 R R Divuiga los grupos con
Ry B\ s O::QS\\_O &, ¢ ;JS X R, |loscuales se pueden
’ N N8 N reemplazar moléculas
/ V/ \ RNzl © o de farmacos con la
Ry A R, Ry 6 misma actividad
y Ry M biolégica. Segun el

algoritmo, el reemplazo
de —=N=con -CH=en
moléculas
farmacolégicas
conservando la
actividad biolégica, se
calculd. como el de
mayor ocurrencia {(fig.
5)

Ay B son CH cada uno.

R7 y R6 forman un anillo '
aromatico
(Pég. 2, lineas 6y 7)

No se menciona
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Los documentos D1y D2 se consideran el estado de la técnica cercano a la invencién
definida en la reivindicacién 1 porque la anterioridad D1 divuiga derivados de
benzosuifonamida los cuales poseen actividad farmacolégica en el tratamiento de
desordenes neurologicos.

La diferencia entre la invencién, definida en la reivindicacién 1y los compuestos de D1
consiste en que el N del heterociclo de la anterioridad ha sido reemplazado con un
atomo carbono en los compuesots de la presente solicitud.

Por su parte, el documento D2 ensefia que de acuerdo con la base de datos MDDR y el
algoritmoA. El ejemplo A1 corresponde al par de fragmentos mas frecuente (fig. 5), es
decir gue la sustitucién de -N= por ~C= en un sistema ciclico es el reemplazo
bioisostérico mé&s conocido en el estado de la técnica.

La diferencia entre la invencion, definida en la reivindicacién 1y D2 consiste en que la
anterioridad no divulga especificamente el grupo de compuestos de la presente
solicitud.

El efecto que logra el reemplazar el ~N= por ~-C= en el anillo de D1consiste en
conservar la actividad farmacolégica del nucleo y lograr asi compuestos alternativos a
los divulgados en el estado de la técnica.

Por lo tanto, el Problema Técnico Objetivo que pretende resolver esta invencion se
puede formular asi: como modificar el nucleo conocido en D1 para agentes
farmacoldgicos alternativos?.

Sin embargo, la utilidad de Ia sustitucién de ~N= por ~C= en un anillo entre compuestos
con la misma actividad biolégica, ya esta divuigada en el documento D2 que evalua
mediante la utilizacién de un algoritmo utilizando la base de datos MDDR las parejas de
fragmentos mas frecuentes con la misma actividad farmacologica (Péags. 103 a 108).

En consecuencia, el la persona del oficio normaimente versada en la materia,
reemplazaria -N= por ~C= segln las ensefianzas de D2 en el nucleo de D1 para llegar
asi al objete de la reivindicacién 1 de la solicitud. Por lo cual se considera ohvia.

Exvediente 1010634 1er Art 45
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Conclusién:
La relvindicacidén 1y sus dependientes cumplen el requisito de novedad (Art. 18), pero
no cumplen con el requisito de nivel inventivo (Art. 18).

9. Conclusién

Los requisitos de Patentabilidad de la presente Solicitud estan afectados asf;

_item [  Documento _Reivindicaciones afectadas | Requisito que afecta
b1 | WQO898306 __1asé 1 Nivel Inventive

" J. Chem. Inf. Comput. Sci
2002, 42 103-108 _

D2 ’ 1abe Nivel Inventivo
En cumplimiento del articulo 45 de la 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, o si a pesar de la respuesta subsistieran
los impedimentos para [a concesion, se denegara la patente.

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

 LOPEZ
Dire:;ter de Nuevas Creaciones (C)

: N
JOSIE LUIS SALAZAF

arﬁnﬁ)r querimiento fue  notificado  por  fijacién en lista, de fecha

Elaborado por : Emilce Cano Urrego. O ef
Revisado por:  Jacqueline Alfonse Rozo,
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Bioisosterisin is the conegpt that a' chemical group in a
biologically active compound can be replaced with another
such that the new molecule retains the biological activity.
The presumption is that the groups t0 bo substituted are
similay in some important physical praperty. For example, a
phenyl ring and 2 thiaph e ring ave about the samie size

and both are hydrophobic, carboxylate and telrazole are both
anions at physiolegical pH, ete. The reader is referved to
revigws in this area, e.g. ref |, Many papers have been wiitien
wherein group X2 is substituted for group X1 in melecule
M1 to make moelecule M2. If M1 and M2 have similar
binlogical activities, the claim is ofien made that X1 and
2 are hinisesteres. (Refergnces 24 aye recent examples.)
This may not be generally true for the following reasons:

1. The substituent ¥1/%2 may be in an unimportant past
of the molacule, 1.8, a part that doss net make a oritieal
interagtion with the receptor.

2. 1 X1 and X2 are relatively small, M1 and M2 ate very
similar molecules, and it is pot surprising that similer
molscules will have simiiar biological activities,

3. All that can be inferred is that X1 might be equivalent
to X2 nt that one position and only for that bicactivity.

A styict definition of bipisosterism might require that X1

and X2 be equivalent in a number of properties (hydropho- -

bicity, size, charge, etc.). However, a more liberal definition

may be groups that can be substituted for sach other in a-

variety of chemical classes for a variety of bioactivitigs. Our
aim here is to gather statistics on how often groups are
substituted for others in drugrlike molecules. Replacements
that occur often may be worth considering in lcad develop-
ment projeets.

METHODRS

L

The overall scheme for cqunting replagements is shown
in Chart 1, Details are provided below.

» 'Cmrcspogdmo auﬂmr phonc (732)594-3859 tax (732)5944
gamail: sher \dam&nwrck com.

10,1021/c10100806 CCC: 522,00 © 2002 Amerigy
Puhlgsl;eé qn Web 01/3/2002

Shg ida 1’”

Clustes molesules with that binlegicel sctivity by eversll topelngisal similarity.
B each cluster{
Bor cach pair of moleculss M1 and M2 in thet elugter{

Extract the pans of M1 ond M2 that aee different and
hat serrespand (o 3 enc:tesens wplscement. Pt them
in o dotabase of {ragment:pairs §;gc~siﬂc for ther ogtivity.

cenomngs of denties! fragmentspairs ever oll hiolsgion] petivitios

Clustering. Examining all pairs of molgoules with 2 given
biological activity is impragtical because the exiraction of
replaced| groups is computationally expensive. We are
interested in pairs of molecules thet differ only in one place.
Therefore we clustered compounds using a method described
previously,® which uses topological descriptors to caleulate
overall siinlarity of two molecules, Only pairs of compouads
within a [cluster are examined. For this wark we used the
regular alom pair deseriptor and a cosing similarity cutoff
of 0.9.

Extraction of Replaced Parts. This has sgveral steps,
which arg illustrated with an example in Figure 1.-

1. ldcn ify the corresponding atoms of molecules M1 and
Mz2. These are the “match atoms™.

2, Labsl the corresponding atoms with corresponding
names. ' '

3, Remove the honds between matgh gtoms,

4, Delete atox;;s with no bonds. What is 1eft is called

?; :"

5, Faltc_ ‘the fragmept,palls
By this |algorithm, the fragm@ntq in each fragment-pair
have at least one match atom that is the attachment point to
the common parts of the moleculss,

1 Chemics! Seclaty

Al
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Replacement-extraction module

O o

Step 1: Find highest scoring
commuon sybstructure

e, 218 B L

Erase satected
matghes

A Staps 3 and 4
Relete boads between
matched ntome.
Remeve atoms with ap
bopds,

%4
u LY (’I
Ny R b ]
LE

X
15 1)

p—

ftonds
" Bilter fragments by
I, Quesgo-ane match of iabels,
. % One fragment from ezsh molecule,

L

¥oo V\» "
Figure 1. A sohematic diagram of how rgplaged groups are parsed
as a fragment-pair from a pair of molecules, There are two
alternative paths (marked *A” and “B™) depending on whether
match atoms in rings or other groups are declared unmatched after
Step 2 (see text). Steps 3—5 are the same thereafter. Bonds
connecting match atoms are shown as bold, At the bottom of the
figure, the match atoms remaining after processing are indicated
by ("*H>

Fer step 1 we use the maximum comumon substructure
detection method in Sheridan and Miller.® This method, based
on clique detection, can generate substructures that are
discontinuous. A clique-defined substructure is a set of pairs
of atoms, one from M1 and one from M2, such that the paired
atoms erc of the same “atom type” and the topolagical
distances (in bonds) between the atoms in M1 are the same
as the corresponding distances between the atoms in M2,
The score of a common substructure equals the number of
atoms in the common substructure minus a “discontinuity
penalty” (p = 1) that penalizes having discontinuous frag-
ments in the substrucaure. We keep only the highest scoring
common substructure (HSCS) for molecules M1 and M2,
In the original work we typed atoms based on element,
hybridization, and “physiochemical type”. Here we use only
element and hybridization. In the original work, we filtered
out FISCSs that were not significantly larger than expected
for two randomly selected molecules of the same size,
However, for the current application, where size is irrelevant,
we keep all ASCSs,

For step 5, we make the following requirements to ensure
that there is a one-to-one replacement of one group with
another:

a. The labels of the matched atoms have to be in one-to-
one correspondence.

b. There 1s exactly one fragment extracted from M1 and
one from M2.

Figuge 2 illustrates what kinds of pairs of molecules would
produce fragment-pairs that would pass the filter.

SHERIDAN

np

Figure 2. Examples of pairs of malecules where the extragted
fragment-pair would pass (yes) or fail (no) the filters for algarithm
A, The filters are meant to detect one-to-one replacements of a
single chemical group.

One optional modification is for certain atom matches to be
erased after step 2. If there is at least one match atom in a
3,4,5,6,7, or 8-membered ring, all atoms in the ring are
declared unmatched. Also, if there is a unmatched atom
adjacent to a NO, CO, SO,, or PO, in which the atoms are
matched, the atoms in the NO, CO, SO,, or PO, are declared
unmatched as well. Steps 3—5 are followed as before. We
will call this aiternative “algorithm B”. The differcnce in
results is also illustrated in Figure 1. Algorithm B will be
Jjustified later on the basis of keeping more of the context of
the replaced groups.

Counting the Occurrence of Fragment-Pairs. A “hash
sting” is calculated from connection table of each fragment-
pair using & method similar to that of Burden.” A modified
adjacency matrix Q is constructed such that the diagonal
elements for atom 1 are made of the sum

Q,; = atomic number +

0.1* number of non-hydrogen neighbors -+
0.01* number of 7 electrons +0.001*match state

whare the match state is 1 if the atom ig a match atom and
0 otherwise.
The off diagonal elements are

Q;; = 0.4/ topolagical distanoe between i and

If i and j are from differsnt fragments, the distance is set 1o
an arbitrary high number.

The hash string is a concatenation of the highest and lowest
eigenvalues of Q expressed to six decimal places. (It is
usually necessary to calculate the eigenvalues in double
precision.} The hash string depends only on the atoms and
the bonds between them: the order of the atoms and the order
of the fragments in the pair is irrelevant, The inclusion of
match information in' the hash string helps us distinguish
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Figure 3, The count of 2 unique fragment-pair vs the rank in
deaeasmg caupt.

fragments that have a match atom (%) at one vs twe sides
(.8 C*—~O~C* in ether vs G*~0~C in methoxy).

Counting unique fragment-pairs becomes & matter of
counting the frequency of a unique hash strings over all
biological activities. A counting method where the fragment-
pairs are weighted as the inverse of the numbsr of fragment-
pairs in that activity did not produce significantly different
results, at least for the most frequent fragment-pairs,

Source ef Molecuyles, One sourge of drug-like compounds
is the MDL Drug Data Report (MDDR),? a licensed daiabase
compiled from the patent literature. A small percentage of
molecules in the MDDR are very large (e.g. peptides) and
some are very small. Because we want to consider drug-
sized molecules, we kept only those molecules within the
range of 7—50 non-hydrogen atoms. (This is expedient as
well hecause molecules with > 50 atoms tend to slow
calculations of maximum common substructure.) Molecules
in the MDDR are assigned a “therapeutic category” by the
vendor. For the purposes of executing Chart 1, we will
assume that molecules in the same therapeutic category have
the same biolegical activity. Some therapeutic categories (e.g.
“antihypartensive™) contain molecules that work by different
mechanisms, but this is not a probleni here because we are
looking only at pairs of very similar molecules, and {hese
almost certainly work by the same méchanism.

There are 647 therapeutic categories. A molecule may be
in more than one therapsutic category, and some therapeutic
categories are nearly synonymous, but we did not make any
special compensations for this,

RESULTS

In the MDDR there were 98 445 unigue molecules in the
size range and 556 therapeutic categeries that had at least
one pair of similar molecules in that range. A total of 527 985
pairs of molecules were compared. Algorithm A kept 90 093
fragment-pairs, of which 16 536 were unique. Figure 3 shows
the distribution of the gpunt of eagh unigue fragment-pair
as a function of its rank. This is a log~log relationship, i.e.,
the counts fall very quickly with rank, Figure 4 shows the
size of the replaced groups, measured in the number of non-
hydrogen atoms in each unique fragment pair, as a function
of the count. The fragment-pairs with the highest counts are
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rings, |and aromatic rings, but also in amides # esters. A4
and AS occur enly in aromatie rings. A change from a six-
to a five-membered aliphatic ring is A7. The replacement
ph@ny = thgphene. i8 A8, carbony] «= thmcarbonyl {in ureas
and a ~1dcs) is A26, amide = sulfonamide is A33, phenyl
= furpan is A40, and phenyl = pyrrele is A76 Some
replacements (e.g. A30, A90, A99) appear to be moving
heteroatoms areund a ring. A95 is the reversal of an amide
bond, We were surprised to see that replacements such as
All, AlS, and Al8 ocour with a high frequency, but in
retrospect they may not be so surprising. For instance, the
reduetion of a ketone to an alechol (A18) is a common
metabolic transformation. '

We nieed to go fairly far down the list to see replacement
of charged groups; for instance, A115 and A132 represent
anionic|replacements. We expected to see carboxylare <=
tetrazole as an anionic substitution, but a ene-to-one replace-
ment is| surprisingly rare; it occurs only 10 times in the
MDDR, giving it a rank of A881, Replacements of catians
also qeour far down tlw list For instauce --C5112 guanidine

qL6
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Figure 5. Selected unique fragment-pairs from the MDDR
ajgorithy A. For each, the rank is given and its count, e.g. Al, is
the most frequent fragment-pair with a count of 2855. A **”
indicates a match atom (the connection point to the conserved parts
of the molecules). The order of the two fragments in each pair is
arbitrary since the replacements are treated as symmetrical. The
symbol “000” indicates one or more pairs were skipped.

pai irs of which 18 275 were unique. Since more of the context
is preserved, mc]udmg substituents on the rings, we expected
that there would be more unique fragment-pairs, but there
are more total fragment-pairs as well. This is due to the fact
that in algorithm A changes in two places in a single ring,
e.g. cyclohexang = morpholine, are rejected by the filter,
whereas algorithm B would treat cyclohexane ** morpholine
as a single change. The statistics for algorithm B look
qualitatively very much like that of algorithm A shown in
Figures 3 and 4, except that the counts are somewhat smaller,
and the number of atoms in an average fragment-pair are
somewhat larger, as expected.

The most trequent fragment-pairs plus others are shown
in Figure 6. Many replacemsms are the same as with the
algorithm A, but the ranks have changed. We can now
distinguish between acyclic and ring replacements. The most
common are now small acyclic replacements. Phenyl «
benzyl (B9) is the most common replacement involving a
ring. The next most common ring replacement is phenyl =
thiophene (B11). This time, since the context is retained,
we see that the more common replacement is 2-thiophene;
3-thiophene does not show up until B75. Similarly, we see
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Figure 6. Selected unique fragment-pairs from the MDDR
algorithm B.

the most common phenyl «= pyridine replacement is 3-py-
ridine (B20). We can now see the explicit replacement of
amide = ester (B19) and urea == carbamate (B62) instead
of the more generic ~N— = —0—,
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Figure 7, Selacted unigue fragmentzpairs from only the molesules
with Angiotensin 1T Blocker agtivity, algorithm B,

Besides leoking at MDDR as a whele. ong can leck at a
subset of activities, or a single agtivity, with the caveat that
the counts are much smaller and some of the replacements
are more likely to be associated with a particuiar position
around a “core”. For instance, Figure 7 shows the algorithm
B results for the activity “Angiotensin II Blockers™. There
are 1304 compounds with 7=50 non-hydregen atoms, 3468
replacements, of which 3132 are unigne. Many of the more
frequent replacements (B1—DBS) are generic in the sense that
they are also frequent for the MDDR as 8 whole. Further
down the list (e.g. B9 and B10) we see activity-specific
replacements. This is true for many of the individual activities
we exanined.

DISCUSSION

We have presented a method of identifving frequently
replaced groups in drug-like molecules. Of the two variations,
algorithm B appears to be more appealing beeause it retains
more of the contextual information of the replacement. This
method can be applied to any set of molecules wherein the
molecules can be paired by similar biological activities.

There are certain limits to our MCS algorithm in deter-
mining equivalent groups, and many further refingments are
possible. First, clique-based methods such as ours depend
on having matched topological distances. Thus, molecules
of the form R1-X1-R2 and R1-X2-Y2-R2 could not be
matched at R1 and R2 because they are different distances
apart in the two molecules, so the -XI- = -X2.¥2-
replacciment would not be deteeted. Second, the hash method
of identifying unique fragment-pairs is very efficient, but it
is rather stringent. A single atom change is enough to
distinguish fragment-pairs (e.g. phenyl = Z-pyridine is
different from phenyl «* 2-pyrimidine), but it is not olear
whether that level of discrimination is always useful. For
example, many chemists would net consider pheny] =
2-pyridine conceptually different from phenyl = 3-methyl-
2-pyrimidine. A clustering based on similarity rather than
striet identity could consolidate many low-frequency frag-
ment-pairs. Finally, more fragment pairs could be generated
if we removed the constraint that a single group be replaced
by another. Allowing double substitutions (e.g. the pair in
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Figure 8. Examples from the MDDR where a sarhoxylate ==
tetrazole replacement is made in different therapeutic categories.

thel lower right of Figure 2) might provide additional insight.
t should be emphagized that baving a list of replacements
their frequencies is not the same as having a list of
definitive bioisosteres. Because groups are often substituted
dogs not necossarily mean the groups ars physioclogically
equivalent. For instance, the ketone = algoho! replacement
may be 50 commen beeguse of the case of wansformation.
Also, since our approach is retrospective, it can highlight
these replacements that have already hsen mads many
timgs in some colleetion of molecules. That is, chemical
groups that might he equivalent to a receptor, but de not
appear in 4 ong-tocone substitution in the database, cannot

 That saxd we note that we have probably captured at lgast
some flavor of bioisosterism from the MDDR. The most
freqyently made replacements in MDDR correspond to
widely known replacements in medicinal chemistry,! and
generally the replacements make physical sense in terms of
size 4nd bond angle, although the replacements are less eften
equivalent in hydrogen bonding character. Conversely, at
least some groups that are known to be equivalent in some
property, c.g. carboxylate and tetrazole, are in the list,
although they are perhaps not as frequently substituted in
the MDDR as might be expected. It could be argued that,
since the MDDR is derived from patent literature, we may
be seping the reflection of already established medicinal
chemistry intuition about what groups are equivalent. Thus
it is not atall surprising that our results would be consistent
with such intuition. Even if this is true, however, it is useful
to be able to systematize such intuition by an automatic

Que Goal here is to systematically detect and organize
replacements as a resourcs te be mined for synthetie ideas,
The mast frequent replacements in MDDR are not neeessarily
the mdst interesting, because they are mostly small and
already, well-established. More insight might be derived from
replacements that are relatively infrequent but show up
enough! times (say 10 or more) and in emough different

a8
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therapeutic areas that one can have confidence that they are
“real”. For instance, the carboxylate + tetrazole replacement
is infrequent, but it does oceur in unrelated molecules in a
least three different therapeutic areas, Some examples are
shown in Figure 8.

Ajthough the MDDR is 8 very valuable database in that it
containg many diverse molecules in many different thera-
peutic areas, making it nearly ideal for the work presented
here, it has the limit that the activity data may not always
be relible. For instance, compounds may be claimed in a
patent to have a spediﬁc activity, but the activity may not
be quantitative, and thus not always comparable to com-
pounds with a similar claimed activity from another labera-
tory. Also, whether the activity is in vivo or in vitro ia not
always consistent. A very useful approach might be to use
our method extract. froquent replacements from smaller
datebases with mor¢ consistent measures of activity, For
instance, given sets of [Csq data, one could pair only those
molecules from the same hinding assay that have 1Cs’s
within a factor of 10, The frequent replacements from those
pairs would more closely reflect bioisosterism for those
specific agtivities,
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