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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
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E. | S. o D.

Re:  Expediente No. 14-004.196
Solicitud de patente a nombre de DOW AGROSCIENCES LLC

Yo, CAROLINA DAZA MONTALVO identificada como aparece al pie de m1
firma, donﬁciliada en la Carrera 11 No. 86-53, piso 6, obrando como apoderada
de conformidad con la sustitucién de poder otorgada a mi favor por la apoderada
principal y que se acompafia en el presente esctito, de la sociedad DOW
AGROSCIENCES LLC., solicitante de la patente de la referencia, domiciliada
en Indianapolis, Estados Unidos, en respuesta al oficio No. 244 notificado por
fijacién en lista el 20 de enero de 2015, relacionado con concepto técnico de
fondo, para cuya respuesta fue necesatio solicitar un plazo de 30 dias hébiles,
mediante memotial del dia 12 de marzo de 2015, me permito manifestar ahora:

1. Con fundamento en la facultad que confiere el articulo 34 de la Decision
486 al solicitante para modificar la solicitud de patente en cualquier momento del
trimite, presento junto con este memorial un nuevo pliego reivindicatorio el cual
comprende un total de 4 reivindicaciones, el cual corresponde a una robusta
restriccién de la materia inicialmente presentada, haciendo exclusivo énfasis en
los compuestos definidos por las moléculas DC, por el hecho de presentar la
mayor y mejor actividad. Lo anterior, en un esfuerzo por acelerar el tramite.

Adicionalmente a lo anterior, se informa que se presenta en esta oportunidad,
una solicitud divisional la cual reclama compuestos que comprenden moléculas
del tipo BC, definidos en un total de 3 reivindicaciones. De esta manera es
cvidente que la matetia que pretende reclamar esta solicitud divisional no
sobrelapa en ningin instante a la materia que actualmente reporta la solicitud en
referencia, por consiguiente se le solicita amablemente a este Despacho, aceptar
esta nueva solicitud y comenzar su tramite de patentabilidad.
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2. Excepcion a la Patentabilidad

Su Despacho ha indicado que la materia reportada en la reivindicacién 4 hace
referencia a una excepcion a la patentabilidad, tal y como se indica en el literal (c)
del articulo 20, Decisién 486, ante lo cual se informa que dicha reivindicacién ha
sido eliminada del actual pliego reivindicatorio y por consiguiente se supera la
objecion planteada en este respecto.

3. Titulo

Su Despacho ha indicado que el titulo actual de la presente solicitud es muy
amplio y por consiguiente no permite diferenciar a la invencién del estado previo
de la técnica, razén por la cual y atendiendo esta observacién, dicho titulo se ha
modificado de la siguiente manera:

“DERIVADOS DE COMPOSICIONES PESTICIDAS QUE
COMPRENDEN FENIL-BUTENIL-FENIL-TRIAZOL”

4. Claridad
E] articulo 30 de la Dec. 486 de la Comunidad Andina establece:

Articulo 30.- Las reivindicaciones definirdn la materia gue se desea proteger mediante
la patente. Deben ser claras y concisas y estar enteramente sustentadas por la

descripeion.

41 Su _Despaého ha objetado a la reivindicacién 1, por falta de claridad y
concisién, por el hecho de ser muy amplia y en consecuencia no ser posible
determinar el alcance de la invencién y mucho menos compararla con el estado
previo de la técnica. En dicho respecto se informa que a partir de la restriccion
hecha al actual pliego reivindicatotio, toda la materia reclamada resulta ser
concisa, puntual y se encuentra debidamente soportada en el capitulo descriptivo
de la solicitud.

4.2 Por Gltimo y en referencia a las objeciones hechas a las reivindicaciones 2-
5, informamos que éstas se ven superadas por el hecho de no hacer parte del
objetivo inventivo que propone el actual pliego reivindicatorio.
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De esta manera, se afirma que se ha respondido a cada una de las objeciones
hechas por falta de claridad, razén por la cual se entiende, que las nuevas
reivindicaciones 1 a 4, cumplen a cabalidad con este requisito.

5. Desctipcion

Su Despacho ha indicado. que el capitulo descriptivo de la presente solicitud no
evidencia el efecto técnico que proporciona los compuestos reclamados,
principalmente porque no todos los compuestos presentan un porcentaje de
control y mortalidad superior al 50% y no se sabe el porcentaje concreto de
control y mortalidad para los compuestos de la clasificacion A.

En dicho respecto informamos que a partir de la restriccién hecha al actual pliego
reivindicatorio, se asegura que si hay evidencia de la actividad A, la cual
corresponde a las moléculas DC, siendo éstas las tnicas reportadas en el actual
pliego reivindicatorio de la presente solicitud.

En otro aparte se le aclara a este Despacho, que en ninguna jurisdiccion es
obligatorio mencionar el potcentaje concreto de control y mortalidad de
compuestos a proteger, razén por la cual no se considera pertinente hacetlo en

este caso y en consecuencia, se solicita omitir esta objecién.

6. Observaciones con respecto a la falta de Nivel Inventivo

De acuerdo al articulo 18 de la Dec. 486, se detetmina:

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

de la técnica.

Una invencién se considerard inventiva si la misma no hubiese resultado obvia a
partit del arte ptevio para una persona del oficio normalmente versada en la
matetia. Esto a su vez implica que el Examinador a cargo de esta evaluaciéon debe

colocatse en el momento exacto en el que el inventor buscaba resolver el
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problema técnico contemplado en la solicitud y para el cual poseia la literatura y
el conocimiento disponibles en dicho momento.

De acuerdo con lo establecido en la accién oficial pendiente, se tiene que la
reivindicacidn 1 y sus dependientes, carecen de nivel inventivo en vista de las
enseflanzas del documento D1: US2002068838.

Ante la afirmacién hecha por el sefior Examinador en este respecto y teniendo en
cuenta los compuestos que se reclaman en el actual pliego reivindicatorio,
recordando que son aquellos que comprenden tnicamente moléculas del tipo DC
y presentan una actividad quimica tipo A, se desea resaltar que en ningun aparte
del documento D1, se menciona o se sugiere que un triazol esté enlazado a
un fenil, por lo contrario, Unicamente ensefia un hidrégeno y un C(=X")NR1R2,

pot ende, no hay coémo, una persona del oficio versada en la materia, pueda llegar
a deducir las caracteristicas técnicas estructurales que definen a los compuestos
de férmula DC, dnicamente a partir de las ensefianzas de D1.

Por otro lado y llamando a colacién el estudio realizado por Peter Ertl, 2002
“Cbemz'nfbrmalz’m analysis of Organic Substituents: Identification of the Most Conemon
Substituents, Caleulation of Substituents Properties and Antomatic Identification of Drug-like
Biososteric Groups” (ver anexo), se concluye principalmente que existe un
aproximado de 3.1 millones de sustituyentes ampliamente conocidos en el campo
técnico, lo que implica que no resulta obvio y por lo contrario si se requiere de
altura inventiva, pata seleccionar determinados sustituyentes, dentro de una
amplia gama de posibilidades, para llegar exclusivamente a aquellos que requieten
los compuestos de molécula DC para producir una actividad quimica A.

Con lo anterior se demuestra que las nuevas reivindicaciones 1 a 4, si son
inventivas sobre las ensefianzas del documento D1, en vista de que no resulta
obvio deducir las caracteristicas técnicas estructurales que definen a los
compuestos de la presente invencién, por tanto se le solicita amablemente a este
Despacho tener en consideraciéon el nuevo pliego reivindicatorio que se presenta
en esta oportunidad, en conjunto con los argumentos que se plasman en la
misma, con el fin de confirmar por si mismo, el cumplimiento de todos los
requisitos de patentabilidad exigidos por esta legislacién y en consecuencia, se
proceda con la concesién de patente para esta solicitud.
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7. Concesién de solicitudes equivalentes

Si bien entendemos y aceptamos que cada pais es autdbnomo en la concesién o
negacion de los privilegios de patente, queremos resaltar el hecho que el anélisis
de los requisitos para el otorgamiento de esos derechos es practicamente
universal. La presente invencién fue concedida por la Oficina de Patentes
Marruecos: MA35402 (B1).

8. Conclusiones

Habiendo atendido cabalmente las objeciones presentadas por ese despacho,
atentamente solicitamos se conceda el privilegio de patente de invencién a la
solicitud en estudio o si el sefior examinador considera que subsisten razones
para objetar la presente invencidn, rogamos expedir otro examen de fondo con
los dcbidos motivos y razones que sustenten su objecién con el fin de que
nuestro mandante tenga la posibilidad de exponer sus argumentos con base en la
interpretacion de los articulos 45 de la Decisioén 486 -el cual otorga la facultad al
examinador para emitir los examenes de fondo-, 35 y 59 del Cédigo Contencioso
Administrativo que sefiala que: “babiéndose dado oportunidad a los interesados para
expresar sus opiniones, y con base en las pruebas e informes disponibles, se tomard la decision
gue serd motivada al menos en _forma sumaria si afecta a particulares”y “(..) deberd proferirse
la decision definitiva. Esta se_motivard en sus aspectos de hecho y de derecho, y en los de

conveniencia si es el caso”, tespectivamente (El subrayado es nuestro).

En consecuencia, solicitamos a ese despacho pronunciarse en relacién con todos
los argumentos presentados en este memorial dando estricta aplicacién al
principio del debido proceso consagrado en el articulo 29 de la Constitucién
Nacional '

Sefior Superintendente,

CAROLINA DAZPMI TALVO

C.C. 66.783.790 de Palmira Valle
T.P 141563 del CS]J

notificaciones@clarkemodet.com.co
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ANEXO 1

Nuevo capitulo reivindicatotio compuesto por 4 reivindicaciones.

Copia del articulo cientfico “Cheminformatics analysis of Organic Substituents:
Ldentification of the Most Common Substituents, Calculation of Substituents Properties
and Automatic Identsfication of Drug-like Biososteric Groups”, Peter Ertl, 2002.
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SUPERINTENDENCIA DE INDUSTRIAﬂY COMERCIO
DIRECCION DE NUEVAS CREACIONES
E. s D.

W oey

) » ":: 45', .
Re: - Expedienté"No.\14-004.196, *,
Solicitud 'd_e: patente a nombre de'DOW AGROSCIENCES LLC

RESPUESTA ACCION OFICIAL

Yo, SILVANA MARIA LOPEZ DIAZ, identificada como aparece al pie de mi
firma, domiciliada en Bogotd, atentamente informo a usted que sustituyo
el poder con que obrd, a la doctora CAROLINA DAZA MONTALVO,
domiciliada en Bogota, identificada con la Cédula de Ciudadania
No0.66.783.790 de Palmira Valle y portadora de la tarjeta profesional

No.TP-141563 del CSJ, con las mismas facultades que me fueron
conferidas para este caso.

Muy atentamente,

il =
TARIA TOPEZ DIiAZ
C.C. No. 22.468.787
TP- 147463 CSJ

Acepto sustitucién

- Qi crace
AROLINA DAZA TALVO

C.C. 66.783.790 de Palmira Valle
TP-141563 CS]J
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. de:BARRANQUILLA y Tarjeta Profasicnal de Abogado No.147463 del C.S.J.\c_y s
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Reiv. Modificadas

21/05/2015
REIVINDICACIONES
1. Una composicion que comprende una molécula de acuerdo a la Férmula uno:
RS Rre Rr7 RS
<1 J\ \/ e~ P }
R4\I’ \\j\/ \\&’;/ \\‘/‘(“\//RIO
' = X2
AN ~
R3 T” SR X1~ TRl
R2
Formula Uno
En donde:
(a) R1 se seleccionade H, F, Cl, Br, o I;
(b) R2 se seleccionade H, F, Cl, Br, 0 I;
(c) R3 se selecciona deH,F,Cl,Br,o;
(d) R4 se seleccionade H, F, Cl, Br, 0 I;
(e) RS se seleccionade H, F, Cl, Br, o I;
) R6 es un (C,-Cs) haloalquil;
(g) - R7esH;
(h) R8 es H;
1) R9 se selecciona de H o (C;-Cg)alquil;
)] R10 se selecciona de F, Cl, Br, I, CN, NO,, (C1-Csg)alquil, (C;-Cg)alcoxi,

N(RI14)(R15), 0 (C=0)0O(C;-Cy)alquil;

(k)

R11 es 1,2,4 triazolil sustituido o no sustituido, en donde dicho 1,2,4 triazolil

sustituido tiene uno o mas sustituyentes seleccionados de NO, o N(R14)(R15);

[OF

Ri12es H;



(m)

R13es H;

(n) . cadaR14 es independientemente seleccionado de H o C(=0)(Cs-Ce)cicloaquil,
(0) cada R15 es independientemente seleccionado de H o C(=0)(C;-Ce)cicloalquil,
(1) X1es CR12;
(s) X2esCRY;y
®) X3 es CRY.

2. Una composicion de acuerdo con la reivindicacion 1, en donde dicha molécula dicho R6

es trifluorometil.

3. Una composicion de acuerdo con la reivindicacion 1, en donde dicha molécula dicho R10

es seleccionado de Cl, Br, CHj;, y CF;.

4, Una composicion de acuerdo con la reivindicacion 1, en donde dicha molécula tiene una

de las siguientes estructuras:

~Numero de
: Estructura
Compuesto
CF;
Z CN
es | 7T
Cl N'N\>
Cl SO
_ ‘ CF,
Cl 5 CN
en | OO
bV
Cl =\
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Cheminformatics Analysis of Organic Substituents: Identification of the Most Common
Substituents, Calculation of Substituent Properties, and Automatic Identification of
Drug-like Bioisosteric Groups

Peter Ertl*

Novartis Pharma AG, Molecular Simulation Group, WKL-125.14.20, CH-4002 Basel, Switzerland

Received August 14, 2002

A large set 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 thesc findings the size of virtual organic chemistry space accessible using
currently known synthetic methods is estimated 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 properties is one of the pillars of modern
organic chemistry as well as a basis of QSAR analysis.
Prominent examples from this area arc the pioneering
contribution of Hammett with regard to the effect of
substituents on reactivity (including the introduction of
substituent o constants characterizing the electron donating
and accepting power of substituents), the reaction mechanism
theory of Ingold (including the definition of mesomeric and
inductive effects of substituents), the QSAR concept of
Hansch (including the definition of substituent hydrophobic-
ity 7 constants and the application of substituent constants
in QSAR"), and the ideas of Craig and Topliss concerning
the influence 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 substituents by calculated properties is also
discussed, including a procedure for calculating substituent
drug-likeness based on a comparison of the distribution of
substituents in a large databasc of drugs versus a large
databasc of nondrugs. Finally an example of the application
of a large database of drug-like substituents with calculated
properties is presented—a Web-based tool for automatic
identification of bioisosteric groups.

* Corresponding author phone: ++41 61 6967413; fax: ++41 61
6964069; c-mail: peter.erti@pharma.novartis.com.

10.1021/¢i0255782 CCC: $25.00

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 entries. Structures stored as SMILES strings
were processed, and all substituents up to 12 non-hydrogen
atoms were extracted. 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 of the molecular database yiclded 849 574 unique
substituents. The substituents with the highest frequency in
the database are shown in Figure 1. The size of the databasc
processed is large enough for generalization, so we can claim
that substituents displayed in this figure are 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.e,, 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 substituents
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 molecules from the
Derwent World Drug Index was also obtained in a study by
Lewell et al.4

Figure 2 shows the dependence of the total number of
substituents identified on the number of molecules processed

© 2003 American Chemical Socicty

Published on Web 12/06/2002
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Figure 1. Thc most common substitucnts identificd after processing a databasc of 3 043 941 moleculcs.
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Figure 2. Dcpendence of the number of unique substituents found
on thc number of molccules 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 expected a curve that would reach
a platcau or limit after a certain number of molecules had
been processed. But this was not the case: a steady growth
was seen in the number of substituents found. This was even
more clear when the two axes were transformed to a
logarithmic scale (not shown). In this case, the dependence
is clearly linear with a correlation coefficient of » = 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 studies on the
number of types of organic reactions in a large reaction
database.’® '

Using the information shown in Figure 2, one can
cxtrapolate to the total size of known organic molecules
(about 19 million). According to this analysis, the total
number of organic substitucnts (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-R; may be con-
structed. R, and R; in this formula are substituents, and X
is a scaffold with two attachment points. We analyzed our
database 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 12-atomic building
blocks, the number of structures which may be constructed®
by using the above-mentioned model is 5.2 x 10'%; when
using 15-atomic units, this number increases® to 8.0 x 1020,
When using a slightly more complex formula R-X(-R;)-R;
and 9-atomic fragments (to limit the maximum sizc of
products to 36 atoms), then the number of molecules which
may be constructed® by this approach is 6.7 x 10%.

One may argue 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 arc
shown in Figure 3. About 35% of these fragments are
monovalent, 34% bivalent, 18% trivalent, and 13% have
more than 3 connection points. When constructing molecules
by combining these “clementary” fragments, one can easily
get more than 10'% structures, but most of them would be
nonrealistic (not stable, or synthetically inaccessible, at Ieast
by currently known synthetic methods).

We therefore estimate the number of molecules which may
be prepared by currently known synthetic methods to be
somewhere between 102 and 102, We are aware that there
arc several deficiencies in this simplified approach (for
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Figure 3. Thc most common fragments obtained by decomposition of 849 574 substitucnts.

example neglect of symmetry of the X scaffolds). Neverthe-
less, we belicve 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
databasc in practical applications, the substituents need to
be classified in some way. For applications in drug design,
a classification based on substituent physicochemical proper-
tics is morc uscful than a simple classification based on
structural similarity. In this study, we used substituent size,
hydrophobicity, electronic 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 (;z constant) was
calculated using the Ghose-Crippen atom contribution method.”
The interdependence between calculated and experimental
7 constants for 256 common substituents (Figure 4) is quite
acceptable. For the calculation of substituent electronic
propertics (Hammett o constant) we used methodology based
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
calculated using a semiempirical quantum chemical method.
The charges are of course influenced by the attracting or
donating power of the substitucnt. In a training process these
calculated charges were correlated with experimental o
constants for a sct of substituents. Various probes, semiem-
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
generated by a simple approach taking into account the

4

r calculated

-3 -2 -1 0 1 2 3 4
n experimental

Figure 4. Corrclation bctween calculated and cxperimental
hydrophobicity 7 constants for 256 substituents.

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

A two-dimensional view (hydrophobicity versus electronic
properties) of this four-dimensional substituent property space
for more than 850 000 substituents 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 databasc 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 gencrally increase the
probability that its parent molecule 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
are shown in Figure 7. A similar analysis of substituents for
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Figure 6. Distribution of calculated hydrophobic (it constant) and
clectronic (o constants) propertics for about 850 000 substituents
(points representing aliphatic carbon substitucnts are blue, aromatic
carbon oncs violet, nitrogen green, oxygen red, and sulfur yellow).

5090 molecules from the Comprehensive Medicinal Chem-
istry databasc was published recently'® and despite a slight
difference in the definition of “sidechains’ used in this study
and definition of substituents in our analysis, the results of
these two studies are very similar,

A comparison of most common substituents found in drugs
(Figure 7) and most common substituents 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 are common.
We also analyzed a large database of molecules with toxic
effects, and the most common substituents identified here
(not shown) were again similar to those presented in Figures
] and 7. These functionalities are simply the most common
organic substituents and will be found at the top after
analyzing any Jarge collection of molecules. The list of
substituents presented in Figure 7 is therefore not the
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information needed 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
earlier studics (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, radioprotecting, or dental agents, ctc) as wecll 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

f; = log(nact/ninact; * ninact,,,/nact,,,.;)

where nact; is the number of drugs which contain substituent
i, ninact; is the number of nondrugs which contain substituent
I, NACliogy 18 the total number of drugs, and ninacty. is the
total number of nondrugs processed.

In several in-house studies 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. These 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
of 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 arc shown
in Figure 9. The statistical analysis, of course, does not
provide any reasons for these groups to be in the “bad” list.
They have been identified solely based on the fact that they
are present 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 avoided 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 properties may be used with
advantage in various drug design applications, ranging from
“classical” use in QSAR studics or molccular design by hand,
through selection of building blocks for synthesis of com-
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binatorial libraries with desired characteristics, to automatic algorithm. As an example of such applications, a Web tool
design of molecules with optimal properties by evolutionary for automatic identification of bioisosteric functional groups,

&
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Figure 10. Wcb-bascd systcm for identification of bioisosteric substituents.

which is installed on the Novartis cheminformatics intra-
net,'2"14 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
propertics. 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 effects such
as toxicity or an excessively rapid metabolism. Bioisosteric
replacement is also used to design molecules more easily to
synthesize or avoid patented structural features. Classical
textbook cxamples of bioisosterically equivalent groups are
phenyl and thiophenyl or carboxylic group and tetrazole. To
find bioisosteric analogues of more complex groups, how-
ever, is not so easy. It requires a lot of experience; 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
crror.

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
10000 drug-like substituents characterized by calculated
hydrophobic, clectronic, steric, and hydrogen-bonding prop-
ertics. When performing a scarch, the substituent for which
analogues arc to be identified must be entered into the
system. This may bc done easily with help of a Java
molecular editor applet'? incorporated directly into the Web
page (Figure 10). After scarch options are chosen, the search
is started.- Substituents having properties compatible with
those of the target are identified in the substituent database
and displayed. Such lists of bioisosteric groups may serve
as an “ideas generator” for bench chemists, helping them to
design new bioactive molecules. The advantage of this
approach is that it facilitatcs the identification not only of
traditional analogues but also of nonclassical bioisosteric

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