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[N Yo, Luz Clemencia DE PAEZ, en mi condicion de apoderada de la sociedad

solicitante de la patente de la referencia, me refiero al oficio No. 2408 notificado por
fijacion en lista el 10 de Marzo de 2015.

2. Mediante oficio No. 2408 se puso en conocimiento del solicitante el informe que
contiene las observaciones hechas por su Despacho sobre la presente solicitud de
patente. Las observaciones realizadas en el oficio se refieren a la claridad del titulo, a la

presencia de reivindicaciones referentes a un uso o segundo uso, a la presencia de

excepciones de patentabilidad, a la claridad del pliego reivindicatorio. a la falta de unidad

de invencion, v al nivel inventivo de las reivindicaciones 1 a 9 en vista de los documentos
D1: WO2011017513, D2: US4017529 y D3: US2009209476.

3. Respuesta a las objeciones

De este modo y con el objeto de atender las objeciones arriba mencionadas, se
desea presentar las siguientes modificaciones, aclaraciones y argumentos:

“EXCELENCIA LEGAL EN UN MUNDO SIN FRONTERAS”

) BOGOTA - £dilicio Siski - Carrera 4 Ko, 77 - 35 - Tel, (5713 347 3611 - Fax (57-1) 211 8830 - Fan in US4 (1-300) - LOLOMBIA
MEDELLIN - Szn Ferrando Paza - Carera 43 A o 1- 80 - Terre Protecc dn Oficing 857 - Tel- (37-4) 520 4780 / (57-4) 326 0769 / (57) 3 1' Jr] HE'J /(a7) 318 532 2365- COLONBIA
www.cavelier.com

cavelier@cavelier.com



CAVELIER

ABOGADIDOS

3.1. Modificacion de una solicitud en tramite

De acuerdo con el articulo 34 de la Decision 486 de la Comision de la Comunidad
Andina, donde se establece que la modificacion de una solicitud es posible en cualquier
momento del tramite mientras no implique una ampliacion de la solicitud inicial, me
permito presentar un nuevo pliego reivindicatorio conformado por 2 reivindicaciones.

Con el fin de atender a la objecién hecha por el sefior examinador, se solicita el

cambio de titulo de la presente solicitud de patente a:
“PESTICIDAS DERIVADOS DE FENIL-TRIAZOLIL-FENIL”
Se han introducido las siguientes modificaciones al capitulo reivindicatorio:

e Las reivindicaciones 2 a 90 han sido eliminadas. En consecuencia, el nuevo pliego
reivindicatorio ya no contiene materia exceptuada de patentabilidad, ni usos o
segundos Usos.

« El pliego reivindicatorio ha sido modificado para eliminar los términos ‘such” y
“further comprising one or more of the following”.

e La nueva reivindicacién 1 ha sido modificada para limitar la materia objeto de la
invencion, de manera que ahora la definicion de todos los radicales pertenecientes
a los compuestos de formula (1) ha sido restringida a una generalizacion razonable
del tipo de compuestos que han sido sintetizados y probados, ademas que se
encuentra debida y totalmente soportado en la descripcion.

e Adicionalmente, se desea aclarar, con respecto a la objecion hecha a la expresion

“al lo menos’, que dicha expresion se refiere al nimero de radicales R', R?, o R’,
en (K).
Con respecto a lo anterior se desea aclarar que el nimero especifico de los
elementos mencionados no esta relacionado en lo absoluto con el concepto
inventivo de la solicitud. Es requerida la presencia de uno o mas de cada uno de
estos elementos para que la invencion cumpla con las caracteristicas técnicas
requeridas. Por lo tanto una limitacion en cuanto al nimero de estos elementos
dentro de la invencién implicaria una limitacién indebida con respecto a su alcance
y facilitaria a terceros la no comision de una infraccion literal de la misma.
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A manera de ejemplo, se podria definir un numero entre 1y N de radicales; un
tercero podria simplemente emplear N+1 radicales, lo que no representaria una
infraccion literal de las reivindicaciones con un articulo esencialmente igual. Asi,
resulta necesario incluir la expresion “al menos” como una manera de definir el
namero N tal que proteja el alcance de la invencion y la proteja de posibles
infractores.
Por Gltimo, una persona medianamente versada en la materia estara en capacidad
de entender la expresién en cuestion y podra reproducir inequivocamente la
invencién con la informacion proporcionada.

e Se ha introducido la nueva reivindicacién 2 que se encuentra dirigida a un numero
de compuestos especificos tal como se encuentra definida.

e Finalmente, se ha modificado el pliego reivindicatorio de tal forma que ahora se
encuentra dirigido al grupo inventivo 1.

Asi. las reivindicaciones son ahora muy claras y precisas en el momento de
sefialar la naturaleza de la invencion reivindicada y es evidente que las caracteristicas
técnicas esenciales de la invencion estan establecidas.

Por lo anterior, las objeciones formuladas por el Examinador en cuanto a la
claridad y concisién del pliego reivindicatorio se ven superadas. En consecuencia, se
solicita atentamente tener en cuenta este nuevo pliego reivindicatorio para el nuevo
analisis de patentabilidad.

3.2 Argumentos a favor de la falta de Nivel Inventivo

El articulo 18 de la Decision 486 sefiala lo siguiente:

“Articulo 18.- Se considerard que una invencion tiene nivel inventivo, si para una
persona del oficio normalmente versada en la materia técnica correspondiente, esa
invencion no hubiese resultado obvia ni se hubiese derivado de manera evidente del

estado de la técnica.”

Una invencién se considerara inventiva si la misma no hubiese resultado obvia a

partir del arte previo para una persona del oficio normalmente versada en la materia. Esto
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a su vez implica que el Examinador a cargo de esta evaluacion debe colocarse en el
momento exacto en el que el inventor buscaba resolver el problema técnico contemplado
en la solicitud y para el cual poseia la literatura y el conocimiento disponibles en dicho

momento.

Siguiendo entonces los lineamientos de la Jurisprudencia aplicable al analisis del
nivel inventivo de una solicitud de patente, se considera que una anterioridad o una
combinacion de dos anterioridades puede afectar dicho requerimiento de patentabilidad, si
una persona medianamente versada en la materia encuentra ensefianzas o sugerencias
claras que, a partir de un conocimiento medio en dicho campo, le permitan llegar de
manera obvia a la invencién reivindicada. Adicionalmente se considera que una mejora

sustancial. un efecto inesperado o una ventaja con respecto al arte previo es un indicio de

nivel inventivo, por cuanto aporta un salto tecnolégico en la regla técnica.

Con base en lo anterior, respetuosamente manifestamos nuestro desacuerdo con
el analisis llevado a cabo por el Examinador y con las conclusiones del mismo vy
solicitamos atentamente la reconsideracion de las razones por las cuales se objeta el nivel
inventivo, con base en la siguiente informacion:

A este respecto, el sefior Examinador elevo una objecion hacia la reivindicacion 1
en vista de la combinacion de los documentos D1y D2, y D2 y D3. Dada esta objecion,
amablemente mi representada desea poner de presente la presente Accion Oficial No.
2408 comprende analisis retrospectivo. De acuerdo al articulo adjuntado a este
documento, el Dr. Ertl sefiala lo siguiente: “Se encontraron 849 574 sustituyentes unicos.
Extrapolado al nimero de moléculas orgénicas conocidas, este resultado sugiere que
alrededor de 3,1 millones sustituyentes son conocidos”.

Asi las cosas, existen varios lugares en el documento D1 para modificar las
moléculas de la misma, y por tanto de acuerdo con el Dr. Ertl, existen alrededor de 3,1
millones de sustituyentes, entonces ¢como una persona del oficio normalmente versada
en la materia, sabe qué sustituyente deberia recoger y saber donde ponerlo sin la
contribucion inventiva realizada por los inventores de la presente solicitud? En
consecuencia, la combinacion de los documentos D1 con D2 o D2 con D3, no son mas

que la reconstruccion retrospectiva de las moléculas inventivas.
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Por tanto, respecto a la afirmacion del Examinador, en cuanto a la obviedad de la
presente invencién en vista de lo divulgado por la combinacion de los documentos D1y D2
o D2 y D3, manifestamos nuevamente nuestro desacuerdo y concluimos que el anélisis
realizado en la accidn oficial No. 2408, se basd en un analisis restrospectivo o tambien
conocido como “hindsight”, el cual lo define el INSTRUCTIVO DE EXAMENES DE
SOLICITUD DE PATENTES DE INVEICON Y MODELOS DE UTILIDAD, de la siguiente

forma:
Analisis ex post facto o retrospectivo o hindsight

Es importante tener en cuenta que una invencion reivindicada que, a primera vista,
parece evidente, puede ser inventiva. Una vez formulada una nueva idea, a
menudo se puede demostrar tedricamente el modo en el que se podria llegar a
ella, a partir de algo conocido, a través de una serie de etapas aparentemente
faciles. El examinador de patentes debe evitar el uso de un analisis ex post facto

de este tipo.

Es decir, el estado de la técnica se debe examinar sin el beneficio del
conocimiento ofrecido retrospectivamente por la invencion reivindicada. La
indicacion o la sugerencia que permita llegar a la invencion reivindicada deben
proceder del estado de la técnica o de los conocimientos generales de la persona
del oficio normalmente versada en la materia, y no basarse en la divulgacion del

solicitante.

Por lo tanto, un técnico con conocimientos medios en la materia no estaba en
condiciones de plantearse el problema, tampoco de resolverlo en la forma en que se
reivindica y tampoco de prever el resultado, por lo que la presente solicitud posee la altura
inventiva para que se le conceda el privilegio solicitado.

En consecuencia de lo anterior, la invencién de la presente solicitud tiene nivel
inventivo en vista de los documentos D1, D2 y D3 del estado de la técnica citados por el

Examinador.
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En el evento que su Despacho no esté de acuerdo con los anteriores
planteamientos, respetuosamente solicitamos que se indique por qué los documentos
citados hubieran sido relevantes para prever la solucién al problema técnico aca sugerida,
cual es el documento mas cercano del estado del arte y cuél era, a la fecha de la
prioridad, las ensefianzas globales del estado del arte frente a las cuales se debe evaluar
la presente invencion, para efecto de evitar un analisis en retrospectiva (“hindsight” é “ex
post facto”) como el que se ha hecho en el presente caso.

La respuesta a cada una de las anteriores preguntas es fundamental para efecto
de poder controvertir las objeciones de manera mas adecuada a la practica de patentes y
para controvertir la decision que se adopte ante la autoridad jurisdiccional, llegado el caso.

3.3 Conclusion

Por todo lo anterior, el documento D1, el documento D2, el documento D3, o su
combinacion, no resultan anterioridades validas capaces de afectar el nivel inventivo de la
invencion de la presente solicitud. Por lo tanto, consideramos que el Examinador esta
excluyendo el hecho de que el inventor en el momento de solucionar el problema técnico
de la solicitud tuvo que emplear habilidad inventiva, pues la presente invencion no resulta
de la mera extrapolacién de las ensefanzas del arte previo, como se afirma. Se esta
desconociendo el mérito investigativo empleado y que esta aportando una ventaja al arte

previo.

4. Puesto que se ha dado respuesta a todas las objeciones formuladas por el
Examinador, se solicita atentamente proceder al otorgamiento de la solicitud de patente.
En este sentido, respetuosamente recordamos al Examinador que la patente no podra ser
negada con base en objeciones diferentes a las expuestas en la accién oficial No. 2408,
toda vez que al no haber sido trasladadas a mi representada, dicha decision violaria tanto
el tenor literal del articulo 45 de la Decision 486 como el derecho constitucional al debido
proceso. En este evento, y con base en el inciso 2 del articulo 45, respetuosamente
solicitamos al Examinador expedir una nueva accion oficial que permita a mi representada
contra argumentar las mismas o modificar la solicitud con el fin de cumplir los requisitos
de patentabilidad.
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De otro lado, respetuosamente manifiesto que a pesar de eliminar materia del
pliego reivindicatorio originalmente presentado, mi representada no renuncia a la
proteccion que pueda obtener sobre dicha materia y se reserva el derecho de presentar
una solicitud divisional que la contenga durante el tramite de la presente solicitud,
beneficiandose de la fecha de prioridad inicialmente reivindicada.

5. Anexos

e Nuevo pliego reivindicatorio conformado por 2 reivindicaciones
e Articulo Dr. Erl

Senor Director,

LUZ CLEMENCIA DE PAEZ
C.C. 35.456.344 de Usaquén
T.P.A. No. 23.555

F e COLO-10975-0841-0204-2
QY SGD\SGD\ID-280498WWPC10975
No. M-2015-280498\SGD



REIVINDICACIONES

g Una composicion que comprende una molécula que posee la siguiente
formula:
R! -
Q*—R?
TL M C’(/
Het =
Ar‘/ \Al“?/ \ ,
N¥—R*
Q' /
R3

Férmula Uno
en donde:
en la que:
(A) Ar' es un fenilo sustituido que posee uno O mas sustituyentes
seleccionados de haloalquilo C4-Cg y haloalcoxi C4-Ce;
(B) Het se selecciona de pirazolilo y triazolilo;
(C)  Ar? es fenilo o fenilo sustituido que posee uno o mas sustituyentes alquilo
C1-Ce;
(D) R'esH;
(E) RZ%es (K), H, alquilo C4-Cs, 0 alquilo C4-Cs -O-C(=0O)(alquilo C1-Ce);
(F) R® es fenilo sustituido en donde dicho fenilo sustituido posee uno o mas
sustituyentes seleccionados de F, Cl, alquilo C4-Cg, alcoxi C1-Cs, cicloalquilo Ca-
Cs, Y fenilo;
(G) R'esH;
(H Mes N o C-R® en donde R’ se selecciona de H, CN y C(=O)(alquilo C+-Ce);
M (1) Q'esO,

(2) Q%esOo0S;



(K) R?y R*son (K) en donde R* y R* junto con CXQ?)(N%), forman un grupo
ciclilo hidrocarbilo, saturado o insaturado, de 4 a 7 miembros,

en donde dicho grupo ciclilo hidrocarbilo puede estar sustituido con

oxo o alquilo C1-Cs 0 en donde la unién entre Q° y N* es  CH,C(=0), CH,CH;,
CH,CH,CH3, 0 CH,CH(CHj);

o en donde al menos uno de R', R?, o R* es H y dicha molécula existe en forma

de uno o mas tautomeros.

2. Una composicién de acuerdo con la reivindicacion 1, en donde dicha

molécula se selecciona de uno de los siguientes:
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A large sct of more than 3 million molecules was processed to find all the organic substituents contained
in the set and to identify the most common ones. During the analysis, 849 574 unique substituents were
found. Extrapolated to the number of known organic molecules, this result suggests that about 3,1 million
substituents are known. Based on these findings the size of virtual organic chemistry space accessible using
currently known synthetic methods is cstimated to be between 10* and 10° molecules. The extracted
substituents were characterized by calculated electronic, hydrophobic, steric, and hydrogen bonding properties
as well as by the drug-likeness index. Various possible applications of such a large database of drug-like
substituents characterized by calculated properties are discussed and illustrated by reference to a Web-
based tool for automatic identification of bioisosteric groups.

INTRODUCTION

The concept of organic substituents and their influence
on molecular propertics is onc of the pillars of modern
organic chemistry as well as a basis of QSAR analysis.
Prominent examples from this arca are the pioncering
contribution of Hammett with rcgard to the effect of
substituents on reactivity (including the introduction of
substituent ¢ constants characterizing the electron donating
and accepting power of substituents), the reaction mechanism
theory of Ingold (including the definition of mesomeric and
inductive cffects of substituents), the QSAR concept of
Hansch (including the definition of substituent hydrophobic-
ity ot constants and the application of substituent constants
in QSARY), and the ideas of Craig and Topliss concerning
the influcnce of substituent properties on biological activity
applied in carly drug design.> The whole combinatorial
chemistry is also based on the concept of substituents, acting
in this case under the name building blocks.

The present study focuses on organic substituents from
the point of view of cheminformatics and tries to answer
questions about the total number of substituents in known
organic chemistry space and the implications of this number
for the size of virtual organic chemistry space. The charac-
terization of substitucnts by calculated properties is also
discussed, including a procedure for calculating substituent
drug-likeness based on a comparison of the distribution of
substitucnts in a large database of drugs versus a large
database of nondrugs. Finally an example of the application
of a large databasc of drug-like substituents with calculated
properties is presented—a Web-based tool for automatic
identification of bioisosteric groups.
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IDENTIFICATION OF MOST COMMON
SUBSTITUENTS, THE NUMBER OF KNOWN ORGANIC
SUBSTITUENTS

To estimate the number of substituents and identify the
most common organic substituents, we processed a large in-
house database of commercially available molecules contain-
ing 3 043 941 cntries. Structures stored as SMILES strings
were processed, and all substituents up to 12 non-hydrogen
atoms were cxtracted. Any group of atoms connected by a
single chemically activated (breakable) nonring bond to the
rest of the molecule was considered a “substituent”. Charged
groups were neutralized when possible. Only substituents
containing “organic™ atoms (including Si, P, and Se¢) were
collected. The whole molecular manipulation and processing
was done using an in-house molecular development kit
written in Java.

Analysis ol the molecular database yielded 849 574 unique
substituents. The substituents with the highest frequency in
the database arc shown in Figure 1. The size of the database
processed is large enough for generalization, so we can claim
that substituents displayed in this figure arc the most common
organic substituents.

Out of all 849 574 substituents found, however, only a
very small fraction, namely 50, may be considered to be truly
“common’, i.c., present in more than 1% of all molecules
in the database, while 438 substituents are present in more
than 0.1% of all molecules. About 64% of all substitucnts
found are singletons (i.c.. they are present only in a single
molecule in the whole database processed). A similar
frequency distribution of fragments in molccules from the
Derwent World Drug Index was also obtained in a study by
Lewell et al?

Figure 2 shows the dependence of the total number of
substituents identificd on the number of molecules processed
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Figure 1. The most common substituents identified after processing a database of 3 043 941 malecules.
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Figure 2. Dependence of the number of unique substituents found
on the number of molecules processed.

(this ratio was recorded after processing of every 10 000
molecules). The form of this function was a slight surprise
to us. Before the study, we cxpected a curve that would reach
a plateau or limit after a certain number of molecules had
been processed. But this was not the case: a steady growth
was scen in the number of substituents found. This was cven
morc clear when the two axes were transformed to a
logarithmic scale (not shown}. In this case, the dependence
is clearly linear with a corrclation cocfficient of 17 = 0.998
for the 304 points recorded. This proves that the diversity
of organic chemistry is enormous, and even a relatively small
unit consisting of 12 organic atoms allows so many
combinations that current organic chemistry is still very far
from reaching its limits. Similar conclusions about practically
unlimited growth have also been made in studics on the
number of types of arganic reactions in a large reaction
database.’

Using the information shown in Figure 2, onc can
extrapolate to the total size of known organic molccules
(about 19 million). According to this analysis, the total
number of organic substituents (up to 12 atoms) known in

organic chemistry is about 3.1 million. This number of course
depends on the size of the substituent: if substituents of up
to 15 atoms were considered, the result would be 7.8 million.

SIZE OF VIRTUAL ORGANIC CHEMISTRY SPACE

Using the information derived in the previous section, one
can speculate about the total size of virtual organic chemistry
space which is accessible using currently known synthetic
methods. To estimate this number, we used a very simple
computational experiment, namely to determine how many
molecules of the general formula R;-X-Rs may be con-
structed. Ry and R, in this formula arc substituents, and X
is a scaffold with two attachment points. We analyzed our
databasc of 3 million molecules using the same approach as
described in the previous section to identify also the number
of double-bonded scaffolds. When using 1 2-atomic building
blocks, the number of structures which may be constructed®
by using the above-mentioned model is 5.2 x 10 when
using |5-atomic units, this number increases’ to 8.0 x 10
When using a slightly more complex formula R-X(-Rz)-R;
and 9-atomic fragments (to limit the maximum size of
products to 36 atoms), then the number of molecules which
may be constructed® by this approach is 6.7 x 105

One may arguc that many substituents used in this analysis
are themselves composed of smaller building blocks/frag-
ments. We therefore decomposed our set of 849 574 sub-
stituents in a recursive manner by using the same set of
fragmentation rules as described previously, until no further
fragmentation was possible. This analysis provided 62 975
“clementary”™ fragments, the most frequent of which are
shown in Figure 3. About 35% of these fragments arc
monovalent, 34% bivalent, 18% trivalent, and 13% have
more than 3 connection points. When constructing molecules
by combining these “elementary” fragments, one can casily
gct more than 10" structures, but most of them would be
nonrealistic (not stable, or synthetically inaccessible, at least
by currently known synthetic methods).

We therefore estimate the number of molccules which may
be prepared by currently known synthetic methods to be
somewhere between 107 and 10%, We are aware that there
are several deficiencies in this simplified approach (for
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Figure 3. The most common fragments obtained by decomposition of 849 574 substituents.

example neglect of symmetry of the X scaffolds). Neverthe-
less, we believe the results presented here may be a useful
approximation of the overall size of virtual organic chemistry
space.

CALCULATION OF SUBSTITUENT PROPERTIES

An analysis of the substituents described hitherto produced
a large database of about 850 000 substituents. To use this
database in practical applications, the substituents necd to
be classified in some way. For applications in drug design,
a classification based on substituent physicochemical proper-
tics is more useful than a simple classification based on
structural similarity. In this study, we used substituent size,
hydrophobicity, clectronic properties (donating/accepting
power), and hydrogen bonding characteristics. Steric sub-
stituent properties were characterized simply by topological
size (number of non-hydrogen atoms) and maximum topo-
logical length. Substituent hydrophobicity ( constant) was
calculated using the Ghose-Crippen atom contribution method.”
The interdependence between caleulated and experimental
7 constants for 256 common substituents (Figure 4) is quite
acceptable. For the calculation of substituent clectronic
properties (Hammett o constant) we used methodology bascd
on quantum chemical parameters developed in-house. Since
the method has been described in detail in the original paper.”
the description here is confined to its basic features. The
method is based on attaching a small model system (probe)
to the substituent. Atomic charges on the probe are then
caleulated using a semicmpirical quantum chemical method.
The charges are of course influenced by the attracting or
donating power of the substituent. In a training process these
calculated charges were correlated with experimental o
constants for a set of substituents. Various probes, semicm-
pirical Hamiltonians, and calculation protocols were tested
to find a model with the best predictive power. Correlation
between experimental and calculated o constants for 368
substituents is shown in Figure 5. The correlation in this case
is influenced by a low reliability of experimental o constants
for substituents that are not so common.® And as a final
parameter, hydrogen bonding substituent propertics were
agenerated by a simple approach taking into account the
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Figure 4. Corrclation between calculated and experimental
hydrophobicity = constants for 256 substitucnts.

topological distance of the hydrogen bond donor and acceptor
centers from the substituent root.,

A two-dimensional view (hydrophobicity versus clectronic
properties) of this four-dimensional substituent praperty space
for more than 850 000 substitucnts is shown in Figure 6.
This graph is actually nothing more than a well-known Craig
plot? with the number of points, however, slightly larger than
usual.,

MOST COMMON SUBSTITUENTS IN DRUGS AND
CALCULATION OF SUBSTITUENT DRUG-LIKENESS

To use the substituent database in drug design, not only
substituent properties are important but also a characteristic
known as drug-likeness or drugability, This may be defined
as an ability of the substituent to generally increase the
probability that its parent maolecule is a drug. To identify
the most common substituents in drugs, we performed an
analysis of molecules in the World Drug Index database.”
The most common substituents identified by this procedure
arc shown in Figure 7. A similar analysis of substitucnts for
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Figure 5. Corrclation between calculated and experimental Ham-
mett g constants for 368 substituents.
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Figure 6. Distribution of calculated hydrophobic (o constant) and
clectronic (o constants) properties for about 850 000 substituents
(points representing aliphatic carbon substituents arc blue, aromatic
carbon oncs violet, nitrogen green, oxygen red, and sulfur yvellow).

5090 molecules from the Comprehensive Medicinal Chem-
istry database was published recently' and despite a slight
difference in the definition of “sidechains™ used in this study
and definition of substitucnts in our analysis, the results of
these two studics are very similar.

A comparison of most cammon substituents found in drugs
(Figure 7) and most common substitucnts identified in
average organic molecules (Figure 1) reveals quite a marked
overlap between these two sets. For example, out of 500
most common substituents in both sets 243 arc common.
We also analyzed a large database of molecules with toxic
cffects, and the most common substituents identified here
{not shown) were again similar to those presented in Figures
1 and 7. These functionalitics arc simply the most common
organic substituents and will be found at the top after
analyzing any large collection of molecules. The list of
substituents presented in Figure 7 is therefore not the
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information necded when looking for substituents with drug-
like properties. To identify substituents which beneficially
influence the drug-likeness of their parent molecules one
needs to identify substituents with relatively higher distribu-
tion in drugs than in nondrugs. A similar approach of
identifying the substructure motifs present more frequently
within a specific therapeutic class than in the whole World
Drug Index has been described by Lewell et al.*

To find substituents with the highest drug likeness, we
compared the distribution of substituents in two large
databases of molecules: the database of nondrugs (or rather
the reference set of average organic molecules) used in our
carlier studies (about 3 000 000 molecules) and a subsct of
the World Drug Index.” The World Drug Index database was
preprocessed by removing various “helper™ molecules (imag-
ing. radioprotceting, or dental agents, etc) as well as
organometallic structures to leave 36 482 molecules which
may be termed “true drugs™.

Substituent drug-likeness index was calculated according
to the following formula

Y .F?{-'Cfmmr)

[ = loglnact/ninact, * ninact,,,

where nact; is the number of drugs which contain substituent
i, ninact, is the number of nondrugs which contain substituent
i, nactue is the total number of drugs, and ninacti is the
total number of nondrugs processed.

In several in-house studics we compared the performance
of various indices for scparating drugs and nondrugs, and
the simple index described above provided the best results.
This index ranked very well also in the analysis of Ormerod
et al.!' Statistical significance of results was checked by
contingency analysis at the 95% level. This ensured that rare
substituents with possibly random distribution were not
considered in the analysis.

Examples of substituents with high drug-likeness are
shown in Figure 8. Thesc substituents (or their derivatives
in the proper reactive state) may be used as reagents in drug
optimization processes or as building blocks in the design
ol drug-like combinatorial libraries, At the same time, our
analysis also provided a list of substituents with a high
negative drug-likeness index, examples of which are shown
in Figure 9. The statistical analysis, of course, does not
provide any rcasons for these groups to be in the “bad™ list.
They have been identified solely based on the fact that they
arc prescnt with significantly lower frequency in drugs than
in average organic molecules. Therefore groups in this list
should be checked manually to identify substructures with
potential toxic effects, too reactive groups or metabolic
weakpoints. Such groups should be avaided in synthesis
planning, because products containing them would very
probably be molecules with poor drugability, Such “negative
lists™ may also be used as exclusion criteria in virtual
screening.

A WEB-TOOL FOR AUTOMATIC IDENTIFICATION OF
BIOISOSTERIC SUBSTITUENTS

A large database of drug-like substituents/building blocks
characterized by calculated propertics may be used with
advantage in various drug design applications, ranging from
“classical” usc in QSAR studics or molecular design by hand,
through selection of building blocks for synthesis of com-
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Figure 7. The most common substituents from the World Drug Index,
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Figure 9. Examples of substitucnts with negative drug-likeness index.

binatorial libraries with desired characteristics, to automatic algorithm. As an example of such applications, a Web tool
design of molecules with optimal properties by evelutionary for automatic identification of bioisosteric functional groups,
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Figure 10, Web-based system for identification of bioisosteric substituents,

which is installed on the Novartis cheminformatics intra-
net.'>~" is presented here.

Bioisosteric replacement is one of the standard techniques
used in medicinal chemistry.'® Tt can be defined as the
replacement of a functional group in a bioactive molecule
by another functionality of similar size and physicochemical
properties. Bioisosteric transformations are used in the
process of drug optimization to improve the properties of
drug candidates, such as bioactivity, selectivity, and transport
characteristics, and to remove unwanted side cffects such
as toxicity or an excessively rapid metabolism. Bioisosteric
replacement is also used to design molecules more casily to
synthesize or avoid patented structural features, Classical
textbook examples of bioisosterically equivalent groups are
phenyl and thiopheny! or carbexylic group and tetrazole. To
find bioisosteric analogues of more complex groups, how-
ever, is not so casy. It requires a lot of expericnee, and even
then the identification of a group with an optimal balance
of steric, hydrophobic, electronic, and hydrogen-bonding
propertics, all of which influence ligand—receptor interac-
tions, usually calls for a demanding procedure of trial and
error,

That is the reason that a tool for automatic identification
of substituent and linkers bioisosteric with the given target
was developed. The tool presented here is an updated and
modernized version of a Web application bricfly presented
carlier.'® The heart of the system is a database of about
[0 000 drug-like substituents characterized by calculated
hydrophobic, clectronic, steric, and hvdrogen-bonding prop-
erties. When performing a search, the substituent for which
analogucs arc to be identified must be entered into the
system. This may be done easily with help of a Java
molecular cditor applet'” incorporated directly into the Web
page (Figure 10). After search options arc chosen, the scarch
is started. Substituents having properties compatible with
those of the target arc identified in the substituent database
and displayed, Such lists of bioisosteric groups may serve
as an “ideas gencrator” for bench chemists, helping them to
design new bioactive molecules. The advantage of this
approach is that it facilitates the identification not only of
traditional analogucs but also of nonclassical bioisosteric

analogues, i.c., groups which are structurally different but
are compatible in terms of their physicochemical propertics.
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