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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

RAD: 10­98749­  ­6
DEP: 2020  DIRECCION DE NUEVAS CREACIONES 
TRA: 11  PCT­PATENTE DE INVENCION CAPITULOS I Y II 
ACT: 519   PRESENTACION 

FECHA:  2012­11­16 09:33:41
EVE:  378  FASE NACIONAL INCLUIDO CAPITULO I 
FOLIOS:   11

1. Documentos estudiados  

Descripción: Folios  79 a 179 11/Agosto/2010
Reivindicaciones: Folios  180 a 202 11/Agosto/2010

Folios  238 a 251 08/Julio/2011
Folios  259 a 272 27/Agosto/2012

Prioridad: IN 109/CHE/2008 11/Enero/2008
    
                                  
2. Análisis de la Prioridad

Se  acepta  la  reivindicación  de  prioridad  porque  ésta  solicitud  fue  presentada 
dentro del plazo establecido (Art. 9 D 486) y su contenido técnico corresponde con 
el de la prioridad reivindicada.
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3. Objeto de la invención

De acuerdo con lo  establecido  en el  numeral  1.2.2.2  del  Capitulo  Primero  del 
Título X de la Circular Única para efectos del examen de patentabilidad, se tendrá 
en cuenta la tasa pagada por el solicitante al momento de comenzar el examen 
para las reivindicaciones adicionales; esto es que cuando la solicitud contenga 
más de diez (10) reivindicaciones y no se haya pagado la tasa complementaria, 
sólo se estudiarán las cubiertas por la tasa pagada.

Para la presente solicitud se estudiará en su totalidad el pliego reivindicatorio ya 
que consta de 7 reivindicaciones únicamente.

Título  de  la  solicitud:  “Nuevos  derivados  de  pirazolo[3,4-D]pirimidina  como 
fármacos anticáncer”.

El  problema planteado en esta solicitud consiste  en proporcionar  derivados de 
pirazolo[3,4-D]pirimidina sustituida que poseen actividad anti-proliferativa tal como 
actividad anticáncer y por consiguiente son útiles en métodos de tratamiento del 
cuerpo humano o animal.

Para  resolver  este  problema  técnico  la  solicitud  en  estudio  proporciona  un 
compuesto  de  la  fórmula  (I),  proceso  de  preparación  y  composiciones  que  lo 
contienen. 

El objeto de la presente solicitud se relaciona con la Clasificación Internacional de 
Patentes (CIP):   C 07 D 487/04; A 61 P 35/00; A 61 K 31/519.

4. De la solicitud de patente 

Reivindicaciones (Art 30 D 486, Art 22 PCT)

La Reivindicación 7 no es clara cuando menciona “para el tratamiento de trastorno 
hiproproliferativo en un mamífero” pues tal definición corresponde a un método de 
tratamiento. Se sugiere eliminarlo del pliego reivindicatorio.

5. Determinación del Estado de la Técnica

El estado de la técnica se determinó con base en la fecha de presentación de la 
solicitud  de  prioridad:  Enero  11  de  2008,  y  se  encontraron  los  siguientes 
documentos que anticipan el objeto de esta solicitud:

Ítem Documento Título Fecha de Publicación*

D1 Artículo 

“In silico identification of novel 
EGFR inhibitors with 

antiproliferative activity against 
cancer cells”

01/Abril/2006
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D1[1]: divulga compuestos con efectos antiproliferativos sobre células de cáncer, tal 
como  el  receptor  del  factor  de  crecimiento  epidérmico  de  tirosin  quinasas 
(abstract).

6. Examen de Patentabilidad (Art 14 D486)

Nivel inventivo (Art18 D486)

La reivindicación 1 consiste en derivados de pirazolo[3,4-d]pirimidina sustituida de 
la fórmula I,

Comparación de las características técnicas esenciales, con las del estado de la técnica:

Características esenciales D1
derivados  de  pirazolo[3,4-
d]pirimidina  sustituida  de  la 
fórmula I,

(pág. 1971, comp. 39)

m = 1 1

R2 = heterociclilo fusionado, tal 
como 1,3-benzodioxol.

W(R1)n es un enlace individual, 
alquenilo, alquinilo, NH, S, SO, 
SO2, O, C=O, o un grupo amida.

No menciona

El  documento D1 se considera el  estado de la  técnica cercano a la invención 
definida en la reivindicación 1 porque divulga compuestos antiproliferativos sobre 
células  de  cáncer,  como  el  compuesto  N-(1,3-benzodioxol-5-ilmetil)-1-(3-
metilfenil)-1H-pirazolo[3,4-d]pirimidin-4-amina (abstract y pág. 1971, comp. 39).

La diferencia entre la invención, definida en la reivindicación 1 y el compuesto de 
D1 consiste en que el sustituyente metilo del radical fenilo.

Esta diferencia no parece conceder un efecto técnico inesperado o una ventaja a 
los compuestos de fórmula (I)  reclamados en esta solicitud ya que no parecen 
presentar propiedades superiores en comparación con los compuestos del estado 

[1] CAVASOTTO C N ET AL: "In silico identification of novel EGFR inhibitors with antiproliferative 
activity against cancer cells" BIOORGANIC & MEDICINAL CHEMISTRY LETTERS, PERGAMON, 
ELSEVIER SCIENCE, GB, vol. 16, no. 7, 1 April 2006 (2006-04-01), pages 1969-1974.



Expediente 10-98749-  -6                                             10-98749   

de la técnica cercano.

Por lo tanto, el problema técnico objetivo que pretende resolver esta invención se 
puede formular la necesidad de compuestos derivados de pirazolo[3,4-D]pirimidina 
sustituida  que  poseen  actividad  anti-proliferativa  tal  como actividad  anticáncer, 
alternativos a los ya conocidos en el estado del arte.

Sin embargo, D1 también divulga diferentes soluciones a este problema técnico, 
entre  otros  el  compuesto  N-(1,3-benzodioxol-5-ilmetil)-1-(3-metilfenil)-1H-
pirazolo[3,4-d]pirimidin-4-amina (pág. 1971, comp. 39), en el cual, un sustituyente 
metilo se encuentra sustituyendo el fenilo que sustituye a su vez el nitrógeno del 
anillo pirazol.

En consecuencia, la persona del oficio normalmente versada en la materia habría 
podido modificar los sustituyentes del fenilo que sustituye el anillo de pirazol como 
una alternativa para llegar así al objeto de la reivindicación 1 de la solicitud. Por lo 
cual se considera obvia.

Conclusión:
La reivindicación 1 cumple el requisito de novedad (Art. 16), pero no cumple con el 
requisito de nivel inventivo (Art. 18).

Puesto  que las  reivindicaciones dependientes  2  –  7  mencionan características 
inventivas adicionales tampoco se pueden considerar inventivas.

7. Conclusión

Los requisitos de Patentabilidad de la presente solicitud están afectados así:

Item Documento Reivindicaciones afectadas Requisito que afecta
D1 CAVASOTTO C N ET AL 1 – 7 Nivel Inventivo



En cumplimiento  del  artículo  45  de  la  Decisión  486  de  la  Comisión  de  la  Comunidad 
Andina,  se  le  indica  que  debe  dar  respuesta  dentro  del  término  de  sesenta  (60)  días 
contados a partir de la fecha de notificación de la presente comunicación. En caso de no 
dar  respuesta al  presente requerimiento,  o  si  a  pesar  de  la  respuesta  subsistieran  los 
impedimentos para la concesión, se denegará la patente.

Se invita al solicitante se sirva indicar, si así lo considera, su renuncia al término faltante de 
sesenta (60) días para dar respuesta a este requerimiento y presentarla por escrito.

Finalmente, se le recuerda al solicitante que si como respuesta a este requerimiento llegara 
a modificar el capítulo reivindicatorio y éste contenga más de diez (10) reivindicaciones, no 
pagará  la  tasa  de  modificación  voluntaria  pero  sí  la  correspondiente  al  pago  por 
reivindicación adicional.

Notifíquese el  presente oficio  conforme a lo dispuesto en el  numeral  5.2,  literal  e),  del 
capítulo quinto del título primero de la Circular Única No. 10 de 2001. 

El anterior requerimiento fue notificado por fijación en lista, de fecha  2012-11-27

Elaboró: Nelson Ricardo Velasco Gonzalez
Revisó: Gloria Jacqueline Alfonso Rozo

Expediente 10-98749-  -6                                             10-98749   



In silico identification of novel EGFR inhibitors with
antiproliferative activity against cancer cells

Claudio N. Cavasotto,a,* Marı́a A. Ortiz,b Ruben A. Abagyanc and F. Javier Piedrafitab,*

aMolsoft LLC, 3366 N. Torrey Pines Ct. Ste. 300, La Jolla, CA 92037, USA
bSidney Kimmel Cancer Center, 10835 Road to the Cure, San Diego, CA 92121, USA
cThe Scripps Research Institute, 10550 N. Torrey Pines Rd., La Jolla, CA 92037, USA

Received 18 November 2005; revised 19 December 2005; accepted 20 December 2005

Available online 18 January 2006

Abstract—Inhibition of the epidermal growth factor receptor (EGFR) tyrosine kinase activity by small molecules has proved effec-
tive for the treatment of cancer. To the best of our knowledge, the crystal structure of EGFR has been used for the first time to
identify novel inhibitor chemotypes by docking-based in silico screening of a large virtual chemical library followed up by experi-
mental validation. We identified several compounds with antiproliferative effects on cancer cells. Amongst them, a C(4)-N(1)-substi-
tuted pyrazolo[3,4-d]pyrimidine MSK-039 (39) was discovered as a low-micromolar inhibitor of EGFR tyrosine kinase activity. The
predicted binding mode of 39 opens a new avenue toward the optimization of novel chemical entities to develop potent and selective
inhibitors of EGFR signaling.
� 2005 Elsevier Ltd. All rights reserved.

The design of protein kinase ATP-competitive inhibitors
was initially considered a challenging task due to the
similarities in the binding pockets across the kinase fam-
ily. However, many potent inhibitors have been reported
exhibiting an acceptable degree of selectivity;1 recently
highly selective inhibitors of the ribosomal protein S6 ki-
nase were designed using a structural bioinformatics ap-
proach.2 Interestingly, based on the information
available, it was asserted that small changes in kinase
inhibitors may have a strong influence on the binding
mode and the binding kinetics.3 This evidence opens
up an opportunity to improve existing leads and, more-
over, provides motivation to further develop novel ki-
nase inhibitors, since therapeutic response might not
be correlated with the smallness of the variation in the
chemical structure.

The epidermal growth factor (EGF) is the prototype of a
large family of peptide ligands that bind to cell mem-
brane receptors and activate a myriad of intracellular
signaling pathways to control tumor cell growth, prolif-

eration, survival, metastasis, and angiogenesis.4 The
EGF receptor (EGFR, ErbB1, or HER1) is one of a
four-membered family of transmembrane receptors that,
similar to HER2, is frequently overexpressed in cancer
cells, correlating with poor prognosis.5 EGFR therefore
represents a rational target for the development of novel
anticancer therapies. Besides monoclonal antibody-
based therapies, a number of small molecule inhibitors
of EGFR tyrosine kinase are under clinical develop-
ment.6,7 The anilinoquinazoline derivatives ZD1839
(gefitinib, Iressa) and OSI-774 (erlotinib) are ATP-com-
petitive selective EGFR inhibitors that have recently
been approved for the treatment of patients with ad-
vanced non-small cell lung carcinoma and are being clin-
ically evaluated in patients with various types of cancers.
Also under clinical evaluation are the EGFR/HER-2
dual inhibitors, quinazoline GW572016 and pyrrolopyr-
imidine PKI-166, and the irreversible inhibitors CI-1033
(PD183805) and EKB-569.8 ZD1839 has shown excel-
lent anticancer activity in vitro and in pre-clinical studies
against a variety of tumor cells when used alone or in
combination with other chemotherapeutic agents.9–11

Despite these promising results and rapid FDA approv-
al, the clinical response to Iressa is very variable with
27% of Japanese patients versus only 10% of US/Euro-
pean patients responding.12 Additional variability was
observed in male versus female and in patients that
had or had not previously smoke. Furthermore, disap-

0960-894X/$ - see front matter � 2005 Elsevier Ltd. All rights reserved.

doi:10.1016/j.bmcl.2005.12.067

Keywords: Tyrosine kinase; EGFR; Docking; Virtual screening; Drug

discovery; Anticancer drug; EGFR inhibitor.
* Corresponding authors. Tel.: +1 858 625 2000x112; fax: +1 858 625

2888 (C.N.C); tel.: +1 858 410 4188; fax: +1 858 450 3251 (F.J.P);

e-mail claudio@molsoft.com; jpiedrafita@skcc.org

Bioorganic & Medicinal Chemistry Letters 16 (2006) 1969–1974

mailto:claudio@molsoft.com
mailto:claudio@molsoft.com
mailto:jpiedrafita@skcc.org


pointing results were found in subsequent clinical trials
in which Iressa was given in addition to traditional che-
motherapy. The reasons for this unpredictable clinical
response were unclear until the recent discovery of
somatic mutations in the EGFR gene that occur in pa-
tients with non-small cell lung cancer that responded
to treatment.13–15 Most of the mutations included mis-
sense substitutions and deletions located within the ki-
nase domain rendering proteins that were more
sensitive to Iressa-mediated inhibition.13,14 These mu-
tant EGFR selectively activate anti-apoptotic pathways,
including Akt and STAT.16 Therefore, genetic screening
prior to treatment would identify patients that could
benefit from Iressa. The fact that 80–90% of lung cancer
patients do not have mutant EGFR and do not respond
to the currently available EGFR inhibitors encourages
additional research to develop novel small molecule
inhibitors that can effectively inhibit both wild type as
well as mutant EGFR proteins.

Two crystal structures of EGFR bound to inhibitors are
available,17,18 and virtual screening (VS) based on dock-
ing and scoring of chemical libraries to a protein target
has not been reported to date, to the best of our knowl-
edge, to discover new inhibitors of EGFR. VS is an in
silico alternative to high-throughput screening that
imposes a structure-based filter on a chemical database,
thus generating a prioritized ‘targeted’ or ‘focused’ li-
brary. This reduces the number of compounds to be test-
ed experimentally to those that fit better within the
binding pocket.

Our goal was to explore through VS of a diverse chem-
ical library the possibility of discovering novel hits that
may be developed into drug leads. The ICM VS pro-
gram19,20 was used, which has been benchmarked on
protein kinases21–23 and recently successfully used to dis-
cover novel antagonists of the thyroid hormone recep-
tor24 and inhibitors of the peptide deformylase.25 The
ICM-based VS procedure is based on fast docking of a
flexible ligand to a grid representation of the receptor26

followed by scoring. The ICM-score takes into account
the ligand–receptor interaction energy, conformational
strain energy of the ligand, conformational entropy loss,
and desolvation effects.27 The 3D structure of EGFR
bound to OSI-744 (PDB code 1M17) was screened
against a collection of 315,102 compounds of the Chem-
Bridge Express Library (the second crystal structure of
EGFR bound to GW572016, PDB code 1XKK, had
not been yet released at the time the VS was performed).
Due to strong contacts with the receptor, the water mol-
ecule within the binding site was included in the VS
(remarkably, the crystal structure 1XKK, which exhibits
significant structural differences in the binding site, also
has this conserved water molecule). The presence of this
water molecule was needed to redock the EGFR inhib-
itor AG1478, used as a control.

Self-docking of co-crystallized ligand OSI-744 showed a
score of �35. Thus, a permissive cutoff score was chosen
as �28, to take into account limitations stemming from
the rigid representation of the receptor and inaccuracies
in the scoring function. There is also strong evidence

that in the protein kinase family, inhibitors make hydro-
gen bonds to hinge-region backbone atoms (correspond-
ing in EGFR to carboxylic O in Q767, and carboxylic O
and HN in M769). For this reason, 1246 compounds
(from a total of 315,102) scoring better than �28 and
making at least two hydrogen bonds with the hinge-re-
gion backbone were clustered according to chemical
similarity and visual inspection, resulting in a final list
of 212 compounds. The 50 best-scoring molecules were
evaluated for their effect on EGFR tyrosine kinase activ-
ity and their antiproliferative activity in cancer cells.

A preliminary screening was performed with EGFR
purified from A431 cells that was pre-incubated with
100 lM of the 50 compounds. The concentration of
ATP in the reaction mixture was kept at 2.5 lM, four
times lower than the Km calculated for this enzyme prep-
aration. Table 1 shows compounds that exhibited more
than 40% inhibition of EGFR tyrosine kinase activity
(the inhibition activity of all 50 compounds is shown
in Supplementary data). Some of the molecules evaluat-
ed -including compound MSK-039 (39)-precipitated in
the reaction mixture and were tested at lower concentra-
tions at which no precipitates were observed. Except for
39 (see below), no significant activity was observed with
reduced concentrations of those compounds (not
shown). Next, titration experiments were performed
with those molecules that exhibited significant EGFR
tyrosine kinase activity. EGFR kinase activity was
inhibited by as much as 40% with 10 lM compound
39, which exhibited an estimated IC50 of 15 lM
(Fig. 1A). We noticed increasing amounts of precipitate
when compound 39 was used at concentrations higher
than 30 lM, which could explain in part why maximum
inhibition of EGFR activity was seen at this concentra-
tion of the inhibitor. All other compounds exhibited
dramatically less inhibition of EGFR when used at
30 lM and were not active when the concentration
was decreased to 10 lM (Fig. 1A and data not shown).

The inhibition of EGFR kinase activity by 39 was barely
affected by the amount of enzyme (not shown). In con-
trast, increasing the concentration of ATP in the reac-
tion mixture up to two times the Km (20 lM)
completely prevented the inhibition of EGFR by 39,
while reducing amounts of ATP had the opposite effect
(Fig. 1B). These data support that compound 39 be-
haves as a true ATP competitor.

Compounds with significant inhibition of EGFR kinase
activity were further evaluated for their antiproliferative
activity against cancer cells. We chose A431 epidermoid
carcinoma cells as a cellular model that expresses very
high levels of EGFR. All EGFR inhibitors significantly
prevented cell growth when tested at 50 lM, with the
exception of compound MSK-041 (41) (Fig. 2A). Simi-
lar results were also observed when the antiproliferative
activity of these compounds was investigated in breast
(BT-474, MDA-MB-435, and MDA-MB-468) and ovar-
ian (SkOv3) carcinoma cells. In contrast, these mole-
cules elicited poor antiproliferative activity against
A549 and H441 lung carcinoma cells (not shown). Com-
pound MSK-032 (32) elicited the strongest inhibition at
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50 lM and completely inhibited cell growth of the three
breast cancer cell lines analyzed (data not shown). The
reason why compound 41 elicited no antiproliferative
activity despite inhibiting EGFR kinase activity is not
completely understood. It is possible that 41 is not cell
permeable or it is metabolized into an inactive
compound.

Titration experiments were next performed with active
molecules. With the exception of compounds MSK-
002 (2) and MSK-030 (30), the inhibition of cell growth
by other EGFR inhibitors (including 39, which signifi-
cantly inhibited EGFR in vitro at low concentrations)
was notably reduced when the concentration was low-

ered to 25 lM or below. Figure 2B shows the dose–re-
sponse curves for 2 and 30. The antiproliferative
activity of compound 30 did not increase at concentra-
tions above 2 lM (IC50 � 1 lM), while almost maxi-
mum antiproliferative activity was reached at 8 lM
with compound 2 (IC50 � 6 lM). The reason why com-
pounds 2 and 30 are such strong antiproliferative mole-
cules at lower concentrations at which they exhibit no
inhibition of EGFR kinase activity in vitro (see
Fig. 1A) is not known. They could probably be acting
through additional signaling pathways besides EGFR
or they could be metabolized into more active com-
pounds inside the cell. Both 2 and 30 induced morpho-
logical changes reminiscent of apoptosis. Whether or

Table 1. Effect of small molecules on EGFR kinase activity in vitro

Compound Structure Kinase activity (% of control)a Chemical name

2 N

N

HN
O

OH

50.3 ± 6.1 (n = 13) 1H-Indene-1,2,3-trione-2-(phenylhydrazone) 1-oxime

16

N OH
O

O
55.3 ± 6.7 (n = 8) 2,7-Bis(allyloxy)-9H-fluoren-9-one oxime

30

H
N

N
NH

O

N

I

50 ± 5.1 (n = 6) 5-Iodo-1H-indole-2,3-dione 3-(8-quinolinylhydrazone)

32

N

N

N
SO

HO

41.1 ± 4.7 (n = 7) 2-{[2-(10,11-Dihydro-5H-dibenzo[b,f]azepin-5-yl)-2-

oxoethyl]thio}-6-phenyl-4-pyrimidinol

39 N
N

N
N

HN
O

O

48.4 ± 6.7 (n = 6) N-(1,3-Benzodioxol-5-ylmethyl)-1-(3-methylphenyl)-1H-

pyrazolo[3,4-d]pyrimidin-4-amine

41

N

H
N

NH

S

O

44.1 ± 7.9 (n = 11) N-[3-(4-Methylphenyl)-1H-pyrazol-5-yl]-2-

thiophenecarboxamide

47
NN

H
N

OH2N
44.5 ± 7.9 (n = 9) 5-(2-Furyl)-6,7,8,9-tetrahydro-3H-pyrazolo[3,4-c]isoquinolin-

1-amine

a Purified EGFR was pre-incubated with 100 lM of the different molecules for 30 min, when kinase activity was measured as described in Experi-

mental information (see Supplementary data). As control, EGFR was incubated in the presence of 2% DMSO. The data show averages ± standard

deviation obtained in 2–5 experiments performed in triplicate.
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not these compounds cause cell death in A431 and other
cancer cell lines is currently under investigation.

The structure of the EGFR-39 complex was refined
using a flexible-ligand–flexible-receptor methodology,28

unfixing also the six degrees of freedom of the water
molecule. The predicted binding pose of 39 is shown
in Figure 3. The amino H and the N(5) of the pyridimine
ring make hydrogen bonds with backbone atoms of
M769. The interaction of the ligand with T766 is medi-
ated by a water molecule, and the 3-methylphenyl moi-
ety substituted at N(1) is buried within the binding
pocket. This shows that N-(1,3-benzodioxol-5-ylmeth-
yl)-1-(3-methylphenyl)-1H-pyrazolo[3,4-d]pyrimidin-4-
amine (39) binds in a different way compared to the
predicted mode of C(3)–C(4) substituted pyrazolo[3,4-
d]pyrimidines, where N(1) and N(7) make a donor–ac-
ceptor system hydrogen bonded to the backbone.29

In that work, the authors applied a pharmacophore
approach using an EGFR model based on the cyclic-

AMP-dependent protein kinase to optimize micromolar
hits. Thus, the difference in binding modes arises from
the difference in substitution points between these two
classes of compounds. Figure 4 shows the superposition
of 39 with OSI-744 (PDB 1M17). Both compounds
superimpose well, however it is evident that the amine
nitrogen plays a completely different role in each of
the compounds, since in fact the amine N of OSI-744
corresponds to the pyrazole N(1) in 39. The binding
mode of the pyrazolo[3,4-d]pyrimidine ring resembles
more the binding of the ATP purine ring (not shown).

In summary, to the best of our knowledge, the crystal
structure of EGFR has been used for the first time to
perform a virtual screening of a large chemical library
and select only those compounds that best fit into the
binding site for subsequent biological evaluation. The
discovery of N-(1,3-benzodioxol-5-ylmethyl)-1-(3-meth-
ylphenyl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine (39) as
a low-micromolar EGFR inhibitor with a unique bind-
ing mode opens a new avenue toward the development
of novel drug scaffolds as potent and selective inhibitors
of EGFR tyrosine kinase activity. Among the different
EGFR inhibitors described here, 39 is not the one with
highest growth inhibitory activity against cancer cells.
Other molecules (2 and 30) elicited stronger antiprolifer-

Figure 1. Titration of novel EGFR inhibitors. (A) Purified EGFR was

incubated with the indicated concentrations of 30, 32, or 39 for 30 min

at room temperature, after which the kinase reaction was initiated by

addition of ATP/MgCl2 and continued for 30 min at 30 �C. The

percentage of activity with respect to control reactions performed in

the absence of EGFR inhibitor is shown. The data represent

averages ± standard deviation from 1 to 3 experiments performed in

triplicate. (B) Inhibition of EGFR by 39 is competed by ATP. Purified

EGFR was pre-incubated with 20 lM 39 for 30 min when kinase

reaction was initiated by addition of increasing concentrations of ATP.

Control reactions contained equal amounts of ATP and EGFR, but

not inhibitor. The experiment was performed twice with identical

results and shown here are the results of one experiment performed in

triplicate.

Figure 2. Antiproliferative activity of novel EGFR inhibitors. (A)

A431 cells were incubated with 50 lM of the indicated EGFR

inhibitors for 2 days, when cell viability was measured by MTT.

Control cells were grown in the presence of 0.5% DMSO and the

averages ± standard deviation percentage obtained in three experi-

ments performed in quadruplicate is shown. (B) Titration of 2 and 30.

A431 cells were grown in the absence (control) or in the presence of

increasing concentrations of 2 (closed circle) or 30 (inverted triangle).

Cell proliferation was measured by MTT 48 h after treatment. The

results of two experiments performed in triplicate are shown.
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ative activity even at concentrations at which no inhibi-
tion of EGFR kinase activity was observed in vitro.
Taken together, our data suggest that compounds 2
and 30may be targeting additional cellular pathways be-
sides EGFR, whereas 39 could be more selective toward
EGFR. This warrants further structure–activity rela-
tionship studies with compound 39 as a lead for

EGFR-based drug discovery. Of particular interest for
clinical applications will be to analyze the effect of opti-
mized inhibitors on wild type and mutant EGFR
proteins.

Acknowledgment

The biology work was partly supported by the Sydney
Kimmel Cancer Center Foundation.

Supplementary data

Supplementary data associated with this article can
be found, in the online version, at doi:10.1016/
j.bmcl.2005.12.067.

References and notes

1. Fabian, M. A.; Biggs, W. H., III; Treiber, D. K.;
Atteridge, C. E.; Azimioara, M. D.; Benedetti, M. G.;
Carter, T. A.; Ciceri, P.; Edeen, P. T.; Floyd, M.; Ford, J.
M.; Galvin, M.; Gerlach, J. L.; Grotzfeld, R. M.;
Herrgard, S.; Insko, D. E.; Insko, M. A.; Lai, A. G.;
Lelias, J. M.; Mehta, S. A.; Milanov, Z. V.; Velasco, A.
M.; Wodicka, L. M.; Patel, H. K.; Zarrinkar, P. P.;
Lockhart, D. J. Nat. Biotechnol. 2005, 23, 329.

2. Cohen, M. S.; Zhang, C.; Shokat, K. M.; Taunton, J.
Science 2005, 308, 1318.

3. Blundell, T. L.; Patel, S. Curr. Opin. Pharmacol. 2004, 4,
490.

4. Yarden, Y.; Sliwkowski, M. X. Nat. Rev. Mol. Cell Biol.
2001, 2, 137.

5. Normanno, N.; Bianco, C.; Strizzi, L.; Mancino, M.;
Maiello, M. R.; De Luca, A.; Caponigro, F.; Salomon, D.
S. Curr. Drug Targets 2005, 6, 257.

6. Busse, D.; Yakes, F. M.; Lenferink, A. E.; Arteaga, C. L.
Semin. Oncol. 2001, 28, 55.

7. Shawver, L. K.; Slamon, D.; Ullrich, A. Cancer Cell 2002,
1, 123.

8. Dancey, J.; Sausville, E. A. Nat. Rev. Drug Discov. 2003, 2,
296.

9. Ciardiello, F.; Caputo, R.; Bianco, R.; Damiano, V.;
Pomatico, G.; De Placido, S.; Bianco, A. R.; Tortora, G.
Clin. Cancer Res. 2000, 6, 2063.

10. Moulder, S. L.; Yakes, F. M.; Muthuswamy, S. K.;
Bianco, R.; Simpson, J. F.; Arteaga, C. L. Cancer Res.
2001, 61, 8895.

11. Normanno, N.; Campiglio, M.; De, L. A.; Somenzi, G.;
Maiello, M.; Ciardiello, F.; Gianni, L.; Salomon, D. S.;
Menard, S. Ann. Oncol. 2002, 13, 72.

12. Fukuoka, M.; Yano, S.; Giaccone, G.; Tamura, T.;
Nakagawa, K.; Douillard, J. Y.; Nishiwaki, Y.; Vans-
teenkiste, J.; Kudoh, S.; Rischin, D.; Eek, R.; Horai, T.;
Noda, K.; Takata, I.; Smit, E.; Averbuch, S.; Macleod, A.;
Feyereislova, A.; Dong, R. P.; Baselga, J. J. Clin. Oncol.
2003, 21, 2246.

13. Lynch, T. J.; Bell, D. W.; Sordella, R.; Gurubhagavatula,
S.; Okimoto, R. A.; Brannigan, B. W.; Harris, P. L.;
Haserlat, S. M.; Supko, J. G.; Haluska, F. G.; Louis, D.
N.; Christiani, D. C.; Settleman, J.; Haber, D. A. N. Engl.
J. Med. 2004, 350, 2139.

14. Paez, J. G.; Janne, P. A.; Lee, J. C.; Tracy, S.; Greulich,
H.; Gabriel, S.; Herman, P.; Kaye, F. J.; Lindeman, N.;
Boggon, T. J.; Naoki, K.; Sasaki, H.; Fujii, Y.; Eck, M. J.;

Figure 3. Predicted binding pose of 39 within the binding site of

EGFR. The ligand is anchored by hydrogen bonds from O and HN of

M769 with amino H and the N(5) of the pyridimine ring, respectively.

The water molecule makes hydrogen bonds with the N(7) of the

pyridimine ring and the T766. The 3-methylphenyl moiety is buried

into the hydrophobic cavity. The receptor is shown in gray ribbon

representation and the surface of the binding site is displayed as a mesh

colored according to binding properties: hydrophobic, green; blue,

hydrogen bond donor; red, hydrogen bond acceptor. Color codes for

atoms: carbon, yellow; oxygen, red; nitrogen, blue; polar hydrogens,

dark gray. Hydrogen bonds are depicted as small balls. (Image

generated with ICM.)

Figure 4. Comparison of the predicted binding mode of 39 and OSI-

744 (PDB code 1M17). Relevant side chains of the complex EGFR-39

are displayed. Color codes: oxygen, red; nitrogen, blue; polar

hydrogens, dark gray; sulfur, green. Carbon atoms are shown in

yellow (39) and white (protein and OSI-744). Hydrogen bonds are

shown as small balls. (Image generated with ICM.)

C. N. Cavasotto et al. / Bioorg. Med. Chem. Lett. 16 (2006) 1969–1974 1973

http://dx.doi.org/10.1016/j.bmcl.2005.12.067
http://dx.doi.org/10.1016/j.bmcl.2005.12.067


Sellers, W. R.; Johnson, B. E.; Meyerson, M. Science
2004, 304, 1500.

15. Pao, W.; Miller, V.; Zakowski, M.; Doherty, J.; Politi, K.;
Sarkaria, I.; Singh, B.; Heelan, R.; Rusch, V.; Fulton, L.;
Mardis, E.; Kupfer, D.; Wilson, R.; Kris, M.; Varmus, H.
Proc. Natl. Acad. Sci. U.S.A. 2004, 101, 13311.

16. Sordella, R.; Bell, D. W.; Haber, D. A.; Settleman, J.
Science 2004, 305, 1167.

17. Stamos, J.; Sliwkowski, M. X.; Eigenbrot, C. J. Biol.
Chem. 2002, 277, 46265.

18. Wood, E. R.; Truesdale, A. T.; McDonald, O. B.; Yuan,
D.; Hassell, A.; Dickerson, S. H.; Ellis, B.; Pennisi, C.;
Horne, E.; Lackey, K.; Alligood, K. J.; Rusnak, D. W.;
Gilmer, T. M.; Shewchuk, L. Cancer Res. 2004, 64, 6652.

19. Abagyan, R.; Totrov, M.; Kuznetsov, D. J. Comput.
Chem. 1994, 15, 488.

20. ICM Version 3.2. Molsoft LLC: La Jolla, CA, 2005.
21. Cavasotto, C. N.; Abagyan, R. J. Mol. Biol. 2004, 337, 209.
22. Cavasotto, C. N.; Kovacs, J. A.; Abagyan, R. A. J. Am.

Chem. Soc. 2005, 127, 9632.
23. Kovacs, J. A.; Cavasotto, C. N.; Abagyan, R. A. J.

Comput. Theor. Nanosci. 2005, 2, 354.

24. Schapira, M.; Raaka, B. M.; Das, S.; Fan, L.; Totrov, M.;
Zhou, Z.; Wilson, S. R.; Abagyan, R.; Samuels, H. H.
Proc. Natl. Acad. Sci. U.S.A. 2003, 100, 7354.

25. Howard, M. H.; Cenizal, T.; Gutteridge, S.; Hanna, W. S.;
Tao, Y.; Totrov, M.; Wittenbach, V. A.; Zheng, Y. J. J.
Med. Chem. 2004, 47, 6669.

26. Totrov, M.; Abagyan, R. In Drug-receptor Thermody-
namics: Introduction and Experimental Applications;
Raffa, R. B., Ed.; John Wiley & Sons: New York,
2001; p 603.

27. Totrov, M.; Abagyan, R. Derivation of sensitive discrim-
ination potential for virtual ligand screening; RECOMB
’99: Proceedings of the Third Annual International
Conference on Computational Molecular Biology, 1999,
Lyon, France.

28. Cavasotto, C. N.; Liu, G.; James, S. Y.; Hobbs, P. D.;
Peterson, V. J.; Bhattacharya, A. A.; Kolluri, S. K.;
Zhang, X. K.; Leid, M.; Abagyan, R.; Liddington, R. C.;
Dawson, M. I. J. Med. Chem. 2004, 47, 4360.

29. Traxler, P.; Bold, G.; Frei, J.; Lang, M.; Lydon, N.; Mett,
H.; Buchdunger, E.; Meyer, T.; Mueller, M.; Furet, P. J.
Med. Chem. 1997, 40, 3601.

1974 C. N. Cavasotto et al. / Bioorg. Med. Chem. Lett. 16 (2006) 1969–1974


