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Three series of 6,7-dimethoxyquinazoline derivatives substituted in the 4-position by aniline, N-methy-
laniline and aryloxy entities, targeting EGFR and VEGFR-2 tyrosine kinases, were designed and synthe-
sized. Pharmacological activities of these compounds have been evaluated for their enzymatic
inhibition of VEGFR-2 and EGFR and for their antiproliferative activities on various cancer cell lines.
We have studied the impact of the variation in the 4-position substitution of the quinazoline core. Sub-
stitution by aryloxy groups led to new compounds which are selective inhibitors of VEGFR-2 enzyme
with ICsq values in the nanomolar range in vitro.

© 2011 Elsevier Ltd. All rights reserved.

Receptor tyrosine kinases (RTKs) play crucial roles in signal
transduction pathways and cellular processes (proliferation, cell
cycle, cell metabolism, survival, apoptosis, DNA damage/repair,. . .).1
Most signal transduction pathways are mediated by protein
kinases, and aberrant kinase signaling leads to proliferation of can-
cer cells and also angiogenesis and growth of solid tumors such as
prostatic, colon, breast, and gastric cancers.>~> Vascular endothelial
growth factor (VEGF) and receptor protein-tyrosine kinases are the
key regulators of angiogenesis, vasculogenesis, and developmental
hematopoiesis.>® VEGF is a mitogen and a survival factor for
vascular endothelial cells. The VEGF family of receptors consists
of three protein-tyrosine kinase receptors (VEGFR-1, VEGFR-2,
and VEGFR-3) and two non-protein kinase co-receptors (neuropi-
lin-1 and neuropilin-2). These components participate in new
blood vessel formation from angioblasts (vasculogenesis) and
new blood vessel formation from pre-existing vasculature (angio-
genesis). Interaction between VEGFR-1 and VEGFR-2 or VEGFR-2
and VEGFR-3 alters receptor tyrosine phosphorylation.®-!! The
VEGF receptor protein-tyrosine kinases consist of an extracellular
component containing seven immunoglobulin-like domains, a
single transmembrane segment, a juxtamembrane segment, and
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an intracellular protein-tyrosine kinase domain. VEGFR-2 (Flk-1
mouse, KDR human) is the predominant mediator of VEGF-stimu-
lated endothelial cell migration, proliferation, survival, and
enhanced vascular permeability. Although VEGFR-2 has lower
affinity for VEGF than VEGFR-1, VEGFR-2 exhibits robust protein-
tyrosine kinase activity in response to its ligands. VEGFR-2 is
expressed at abnormally high levels in a large variety of human
solid tumors.'>!® Several researchers have been pursuing VEGFR-
2 kinase domain inhibitors to discover novel anti-angiogenic drugs.
The growing interest in this strategy for cancer treatment stems
from the envisioned favorable toxicity profile. Because VEGFR-2
is located essentially in endothelial cells and expressed by several
cancer cells, an angiogenesis inhibitor is not expected to affect
proliferation of normal cells, unlike conventional cytotoxic chemo-
therapy. Several successful strategies for the inhibition of angio-
genesis have been effectively demonstrated in preclinical and
clinical settings, as exemplified by the recent USFDA approval of
a humanized anti-VEGF monoclonal antibody (bevacizumab, Ava-
stin®) as a first-line treatment of metastatic colorectal cancer, in
combination with chemotherapy.'*'> Small molecule inhibitors
of VEGF receptor protein tyrosine kinases represent another
approach for inhibiting angiogenesis. The drug sorafenib
(Nexavar®), from Bayer, has recently been approved by the USFDA
for the treatment of metastatic renal cell carcinomas.

Quinazoline derivatives have attracted interest over the years
because of their multiple biological activities, notably as kinase
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Figure 1. Structure of ATP-mimic inhibitors for treatment in solid tumors.

inhibitors.'®!” The first generation of quinazoline as PD153035
exhibits a high affinity for EGFR but a poor in vivo activity.!®!°
The clinical success of selective kinase inhibitors, such as gefitinib
(Iressa®) and erlotinib (Tarceva®), as therapeutic agents for several
human cancers has prompted substantial interest in the further
development and clinical testing of such inhibitors for a wide vari-
ety of malignancies. Vandetanib (ZD6474), from AstraZeneca, a
once-daily oral anticancer drug in phase III, is considered to be a
dual tyrosine kinase inhibitors targeting EGFR and VEGFR-2
(Fig. 1).2°-25 This quinazoline substituted with a halide at the
2- and 4-positions on the phenyl group shows a strong inhibitory
activity (ICsg = 500 nM for EGFR and 40 nM for VEGFR-2, in ELISAs
with recombinant enzymes).2®

The 4-anilinoquinazoline scaffold has to be able to selectively
inhibit the tyrosine kinase activity of the epidermal growth factor
receptor (EGFR) and also to inhibit simultaneously the tyrosine
kinase activity of EGFR and VEGFR. But, to date, no selective
inhibition towards VEGFR tyrosine kinase activity was obtained
with the 4-anilinoquinazolines. However, an indole-ether quinazo-
line, AZD2171, is a highly potent ATP-competitive inhibitor of
recombinant KDR tyrosine kinase in vitro.2’

These compounds have been designed in view of the known
interactions between 4-anilinoquinazolines and the adenine-bind-
ing region of the ATP-binding site of these receptors and they have
shown a good cytotoxicity against several types of tumors in vitro.

We recently described the structure-activity relationships
(SAR) developed around anilinoquinazoline derivatives, exempli-
fied by the pharmacophore 1, as potent EGFR/VEGFR-2 dual kinase
inhibitors (Fig. 2).2>28

With the aim of further exploring one of the key recognition
elements of the kinase inhibitors, which are presumed to bind into
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Figure 2. Pharmacophore 1 of anilinoquinazoline derivatives, potent dual kinase
inhibitor.?>2%

the hydrophobic back pocket of the kinase active site, we envi-
sioned the replacement of the aniline moiety by an N-methyl ana-
log and aryloxy groups. According to the X-ray structural analysis,
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the NH entity of anilinoquinazoline derivatives does not establish
interactions with EGFR or VEGFR-2 enzymatic active-site. Our
effort to develop small molecular, ATP-competitive dual EGFR/
VEGFR-2 inhibitors led to the development of three series of com-
pounds with different hydrogen bond donor and/or acceptor
groups at the 4-position on the quinazoline. We describe here
the chemistry, SAR, and biological testing for these series. The qui-
nazoline core was modified at position 4 of the aryl with different
bulky substituents such as amide, carbamate or urea, which are
commonly-used moieties in EGFR and VEGFR inhibitors with the
aim of strengthening the ligand-receptor interactions and there-
fore increasing affinity.

As shown in Scheme 1, 4-chloro-6,7-dimethoxyquinazoline (2)
was used as a starting material?®3° to synthesize according to
described procedures!®?° PD153035 (3a), anilines 3b-h, N-methyl
anilines 4a-c and ethers 5a-d analogs.

In Scheme 2, the corresponding ureas 6-7 were synthesized
according to described procedures.!®

Selective reaction of the chloro derivative 2 with meta- or para-
aminophenol in the presence of tetra-n-butylammonium bromide
in a methyl ethyl ketone-sodium hydroxide mixture provided
intermediates 8%° and 9.'° New carbamic acid esters 10-11 were
obtained by amidification with corresponding amines. Compounds
8 and 9 reacted with corresponding isocyanates in chloroform to
give the desired ureas 12, 13a-b,'® 14a-b,'® 15-22 in high yields
and after short reaction times (Scheme 3).

Inhibitory activity of the synthesised compounds against EGFR
and VEGFR-2 tyrosine kinases was determined by measuring the
levels of phosphorylation of the tyrosine-specific peptides (poly
(Glu4-Tyr)substrate) in vitro. They were evaluated also for their
antiproliferative activity towards the human endothelial-like,
immortalized cell line EAhy926: this cell line is derived from the
fusion of human umbilical vein endothelial (HUVEC) cells with
the A549 human lung epithelial carcinoma cell line. These cells
were used because of their role in angiogenesis. The cytotoxicities
of the synthesised compounds were evaluated toward the hor-
mone-independent PC3 prostate cancer cells, MCF7 breast cancer
cells and HT29 colon cancer cells, by MTS test.

The kinase and cell data are summarized in Table 1. The first
SAR study focused on the quinazoline skeleton substituted at the
4-position by aniline, N-methylaniline or an aryloxy group
substituted by halides, amide, carbamate or urea. N-Methyl
analogs, in particular 4a, exhibited a good antiproliferative activity
despite a complete absence of EGF- and VEGF-R TK inhibitory
effect. Recently we reported that the methylation of the aniline
nitrogen of quinazolin derivatives is essential to obtain a drug
binds to DNA as a typical intercalating agent.'® Among the amide
analogs 3d and 5d, no kinase inhibition and no antiproliferative ef-
fect was observed at 10 uM concentration. Substitution by halo-
gens showed some dual EGFR/VEGFR-2 kinase inhibition (3a-c
and 5a-c) with ICsq values <10 pM. NH analogs 3a and 3b proved
to be moderately potent EGFR inhibitors (ICsg values of 0.3 and
0.4 uM, respectively) and compared favourably with their aryloxy
counterparts (5a and 5b). Introduction of donor-acceptor group
such as carbamate or urea is generally more tolerated. The car-
bamic acid methyl ester 3e-f showed no significant inhibition of
EGFR (>5 uM) and VEGFR-2 (>5 puM). Replacing NH (3e and 3f)
with oxygen at the 4-position (10 and 11) exhibited good levels
of inhibition against VEGFR-2 (0.7 and 0.6 uM, respectively) but
showed a significant decrease in activity against EGFR (ICsq
>10 uM). All the urea-substituted aryloxy-quinazolines (13a-b,
14a-b) were selectively active against VEGFR-2 with ICsq values
<1 uM. Compounds with para-substitution of urea on the aryl
13a, 14a (KDR ICso=0.07 uM) were 10-fold more efficient than
their meta-analogs (13b, 14b) and 100-fold more potent than the
compounds with NH linker (3g-h). The strong inhibitory activity
of these carbamates and ureas against VEGFR was not associated
with antiproliferative activity (cell-based assays ICso >10 uM).

A SAR study for the urea-substituted aryloxy-quinazolines
13-22 was undertaken. As shown in Table 2, O-linkage resulted
in a selective inhibition of VEGFR-2. When urea was substituted
by an alkyl group 12, 22 (butyl and cyclohexyl), high potency for
both VEGFR-2 was achieved (ICsq <1 pM). Diaryl ureas derivatives
(15-19) resulted in excellent kinase inhibition with nanomolar ICsq
value against KDR. Replacement of hydrogen with a halogen atom
on the phenyl ring (15-17) was reasonably well tolerated. Bi-sub-
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Table 1
Enzymatic (EGFR/VEGFR-2) and cellular results for 6,7-dimethoxyquinazoline derivatives*?
e
/o Z |
\
~o \N)
Compd Enzymatic inhibitory (ICso, ptM)? % Proliferative inhibitory (or ICsg, uM)¢
EGFR® VEGFR-2¢ Human prostate Human colorectal Human breast Human endothelial-like
PC3 HT29 MCF-7 immortalized EAhy926
Iressa® 0.07 14.80 7.40 ND 30% ND
Vandetanib 0.80 0.10 33% 4.20 26% 5.10
R X
NH  PD153035 0.063 ND 40% 10.10 4.70 7.10
N-CH; 4a'® >10 >10 42% 6.10 9.20 3.95
X Br 0 5a 7.60 9.80 27% 6% 0% 0%
F NH  3b°! 0.38 5.30 6.50 5.70 4.90 4.50
N-CH; 4b >10 >10 22% 5.20 0% 46%
0 5b >10 9.50 5% 4.07 0% ND
/I/ Cl
F Br NH 3c 5.70 1.65 1% 0% 31% 0%
N-CH; 4c¢ >10 >10 15% 14% 0% 0%
X (] 5c 5.90 0.60 16% 0% 0% 0%
H NH 3d >10 >10 2% 0% 12% 0%
N\n/ (0] 5d >10 >10 0% 0% 5% 3%
(o]
X
H ° NH 3e 6.90 5.80 2% 10% 27% 0%
N\n/ ~ (¢} 10 >10 0.70 0% 1% 4% 6%
[o]
X
H NH  3f >10 5.60 12% 16% 6% 0%
/@/N\H/OV (0] 11 >10 0.60 28% 0% 0% 0%
o
X
H H NH 3g >10 5.10 35% 5.80 1.50 8.01
N\n/N N-CH; 6a >10 >10 ND ND 9.45 6.80
o (] 13a >10 0.06 23% 12% 12% 15%
X
H H NH 3h >10 6.20 43% 45% 7.15 36%
N\H/N N-CH; 7a >10 >10 ND ND 15% 27%
0 14a >10 0.07 12% 9% 0% 24%
o -
X (o]
0 N-CH3; 6b >10 >10 0% 0%. 0% 0%
)j\ (0] 13b >10 0.60 19% 7% 0% 12%
X N N
H H
O._ N-CH3 7b >10 >10 0% 0% 0% 0%
/@\ i /©/ 14b >10 0.60 19% 2% 0% 0%
X N N
/L/ H H

ND: Not determined.

¢ Compounds tested at a concentration of 10 uM. Values correspond to n =3 (SD <10%).
" Inhibition of EGFR (purified from human carcinoma A431 cells) tyrosine kinase activity.

¢ Inhibition of VEGFR-2 (recombinant human protein) tyrosine kinase activity.

d Cell proliferation was measured by MTS assay at 10 uM (at least three independent experiments).

stitution at the 3- and 4-position by fluorine and chorine on the
phenyl ring (17) led to an excellent inhibitory activity against VEG-
FR-2. ortho-position of halide such as in compound 16 resulted in a
weak decrease of activity against VEGFR-2. However, introduction
of a bulkier naphthalene group (20-21) was envisaged and toler-
ated only with 2-naphtyl substituent (20): an unfavorable steric
hindrance was observed with 1-naphtyl (21) resulting in ICsq value
of 5.50 uM. Its isomer position 20 was selectively active against
VEGFR-2 with ICsq value of 0.03 pM. These quinazolines were fur-

ther evaluated in cell-based assays but were inactive towards dif-
ferent cancer cell lines.

Table 3 shows the effects of variations of the linker on the cen-
tral phenyl ring of compound 17. Replacement of oxygen with a
nitrogen atom (23 and 24)>3 led to a dramatically reduced enzy-
matic inhibition. The O-linkage therefore appears essential in order
to obtain a VEGFR-2 selective inhibitor. To understand the ob-
served difference, we explored the binding mode of these aryloxy
quinazolines with KDR.
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Table 2
Enzymatic (EGFR/VEGFR-2) and cellular results for aryloxy-quinazolines derivatives 12-22

~ o =z |N
X
L)
Compd Enzymatic inhibitory (ICso, pM)* % Proliferative inhibitory (or ICso, uM)¢
EGFR® VEGFR-2¢ Human prostate  Human colorectal Human breast Human endothelial-like
PC3 HT29 MCF-7 immortalized EAhy926
Iressa® 0.07 14.80 7.40 ND 30% ND
Vandetanib 0.80 0.10 33% 4.20 26% 5.10
R X
H H
N\n/N
13a /©/ o \© >10 0.06 23% 12% 12% 15%
t
H H
N\n/N
14a /©/ o \©\ >10 0.07 12% 9% 0% 24%
-
2 °
H H
N\n/N\/\/
12 /©/ o >10 0.40 30% 8% 10% 0%
5§
H H
N\n/N
15 /©/ o \©\ >10 0.05 2% 13% 10% 0%
i Br
H H
N\n/N
16 /©/ o D\ >10 0.09 35% 10% 6.40 5.10
,i/ F F
H H
N\H/N cl
17 /©/ o \©i >10 0.04 36% 26% 30% 9.00
5§ ]
H H
N\n/N
18 /©/ o \©\ >10 0.06 40% 7.70 9.80 5.00
i CF,
H H
N\n/N
19 /©/ o \©\ >10 0.05 23% 17% 23% 42%
t
H H
N\n/N
20 /©/ o >10 0.03 5% 0% 6.80 0%
5§
H H
N\n/N
21 /©/ o) O >10 5.50 8% 17% 8% 9%
L $
H H
N\n/N
2228 /©/ o \O >10 1.00 42% 8% 0% 31%

ND: Not determined.
¢ Compounds tested at a concentration of 10 uM. Values correspond to n =3 (SD <10%).
b Inhibition of EGFR (purified from human carcinoma A431 cells) tyrosine kinase activity.
¢ Inhibition of VEGFR-2 (recombinant human protein) tyrosine kinase activity.
d Cell proliferation was measured by MTS assay at 10 uM (at least three independent experiments).



A. Garofalo et al./Bioorg. Med. Chem. Lett. 21 (2011) 2106-2112 2111

Table 3

Biological activities of N-(3-chloro-4-fluorophenyl)-N'-{4-[6,7-dimethoxyquinazolin-4-yloxy]|phenyl}urea 17 and the anilino analogs 23-24

ST

/0 =z |N
X
K
Compd X Enzymatic inhibitory % Proliferative inhibitory (or ICso, pM)*
(ICso, pM)?
EGFR® VEGFR-2°¢ Human prostate PC3 Human Colorectal HT29 Human breast MCF-7 Human endothelial-like immortalized EAhy926
23 NH >10 4.30 9.40 6.20 7.70 530
24 N-CH; >10 >10 ND ND 35% 29%
17 0] >10 0.04 36% 26% 30% 9.00

ND: Not determined.

2 Compounds tested at a concentration of 10 uM. Values correspond to n =3 (SD <10%).
b Inhibition of EGFR (purified from human carcinoma A431 cells) tyrosine kinase activity.

¢ Inhibition of VEGFR-2 (recombinant human protein) tyrosine kinase activity.

4 Cell proliferation was measured by MTS assay at 10 uM (at least three independent experiments).

Lys868

Aspi()%

Cys919

Figure 3. Docking mode of compound 17 and its anilino analogs 23-24 at the ATP-
site of VEGFR-2.

Figure 3 shows models of 17, 23 and 24 bound to VEGFR-2, gen-
erated by molecular modeling.>* As these models suggest, the ani-
lino-urea 23 bound to the ATP-site of KDR in the same manner as
its ether analog 17. Particularly, the quinazoline cores adopt essen-
tially volumes and conformations with identical orientations. We
observed interactions between the CO and NH carbamate group
with the backbone of Asp1046 and the Lys868-Glu885 salt bridge,
respectively. H-bond interaction with Cys919 (between a cystein
NH and the N1 nitrogen of quinazoline) was established. However,
substitution by aniline at the 4-position of quinazoline (23) led to a
displacement of the phenyl ring containing the urea group into the
active site of VEGFR-2. This position would have a negative impact
on the inhibition potency and limit donor-acceptor interaction of
the urea moiety. In contrast, the NMe analog 24 adopts volumes
and conformations in opposite directions compared to 17 and 23.
The phenyl ring of 24 is approximately perpendicular to the plane
of the quinazoline core and this structure is expected to limit inter-
action with the active-site of VEGFR-2. This prediction is in line
with the weaker activity observed for the quinazoline sub-series.
We also briefly investigated the replacement of the terminal aro-
matic urea residue with an aliphatic group (data no shown) but
this substitution further limited donor-acceptor interaction of
urea, resulting in lower enzymatic activity of these derivatives.
Consistent with the SARs in other series of urea class VEGFR-2
inhibitors, a diaryl urea moiety is favorable for optimal interaction
with the hydrophobic back pocket of KDR kinase.

In summary, we have described the discovery, SAR studies and
preliminary biological evaluation of a novel series of a VEGFR-2
selective tyrosine kinase inhibitor. We have investigated the
replacement of linkers at the 4-position of a quinazoline skeleton
by aryloxy, aniline and N-methylaniline entities. The diaryl urea
of aryloxy-quinazoline potently inhibited VEGFR-2 at nanomolar
concentrations. However their activity against VEGFR-2 is not
associated with their antiproliferative activity on cell-based assays.
Molecular modeling established the interactions of these com-
pounds with the active binding site. Further modifications may
be undertaken on the two phenyl groups of the urea moiety, and
varying the methoxy groups on the quinazoline core may result
in a better affinity and good antiproliferative activities.
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Cell culture and cell proliferation assays: Human prostate cancer cells PC3 and
breast cancer cell line MCF7 were grown at 37 °C in a humidified atmosphere
containing 5% CO,, respectively in RPMI-1640 medium (Sigma) and MEM
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(Sigma) supplemented with 10% fetal bovine serum, glutamine (2 mM),
penicillin (100 IU/mL), and streptomycin (100 pg/mL). HT29 colon cancer cell
and EAhy926, umbilical cell immortalized, were grown at 37 °C in a humidified
atmosphere containing 5% CO, in DMEM + Glutamax-I (Gibco) supplemented
with 10% fetal bovine serum, penicillin (100 I[U/mL), and streptomycin (100 pg/
mL).

In the cell proliferation assay, cells were plated in triplicate on 96-well plates
(3000 cells per well) and incubated for 24 h. Cells were then incubated in
culture medium that contained various concentrations of tested compounds,
each dissolved in less than 0.1% DMSO. After 72 h, cell growth was estimated
by the colorimetric MTS test.

In vitro kinase assays: Kinase assays were performed in 96-well plates
(Multiscreen Durapore, Millipore) using [y->’P]JATP (Amersham Biosciences)
and the synthetic polymer poly(Glu4/Tyr) (Sigma Chemicals) as a phospho-
acceptor substrate. Tested compounds were dissolved in DMSO, final
concentration of DMSO in assay solutions was 0.1%, which was shown to
have no effect on kinase activity.

EGFR tyrosine kinase activity: 20 ng of EGFR (purified from human carcinoma
A431 cells, Sigma Chemicals) were incubated for 1h at 28 °C using various
concentrations of tested compounds in kinase buffer (HEPES 50 mM pH 7.5,
BSA 0.1 mg/mL, MnCl, 10 mM, MgCl, 5 mM, NasVO, 100 uM, DTT 0.5 mM,
poly(Glu4/Tyr) 250 ug/mL, ATP 5 puM, [y->2P]ATP 0.5 uCi).

VEGFR-2 tyrosine kinase activity: 10 ng of VEGFR-2 (Recombinant Human
Protein, Invitrogen) were incubated for 1h at 28°C wusing various
concentrations of tested compounds in kinase buffer (Tris 50 mM pH 7.5,
BSA 25 pg/mL, MnCl, 1.5 mM, MgCl, 10 mM, DTT 2.5 mM, Na3VO,4 100 puM, B-
glycerophosphate 5mM, poly(Glu4/Tyr) 250 ug/mL, ATP 5 pM, [y->2P]ATP
0.5 puCi).

The reaction was stopped by adding 20 pL of trichloroacetic acid 100%. Wells
were screened out and washed 10 times with trichloroacetic acid 10%. Plates
were counted in a Top Count for 1 min per well.

Melting points were determined in open capillary tubes on a Biichi reference B-
530 digital melting point apparatus and are uncorrected. Kieselgel 60 F-254
commercial plates were used for analytical TLC as well as UV light with/
without iodine to follow the course of the reaction. Silica gel Kieselgel Si 60,
0.063-0.200 mm (Merck) was used for column chromatography. The
structures of all compounds were determined by IR (using a Bruker VECTOR
22 instrument) 'H NMR (300 MHz) spectra were recorded on a Bruker AC300P
NMR spectrometer in DMSO-dg or in CDCl; at room temperature. APCI+
(Atmospheric Pressure Chemical lonization) mass spectra were obtained on an
LC-MS system Thermo Electon Surveyor MSQ.

Compound 17: 'H NMR (DMSO) 6 3.95 (s, 3H), 3.97 (s, 3H), 7.20-7.40 (m, 3H),
7.50-7.70 (m, 6H), 8.52 (s, 1H), 8.90 (s, 1H), 8.92 (s, 1H). LC-MS (APCI+): m/z
469 (MH") and 471 (M+2+H")—tr (min): 4.02.

Compound 23: 'H NMR (DMSO) dy; 3.95 (s, 3H), 3.97 (s, 3H), 7.02 (m, 1H), 7.19
(s, 1H), 7.31 (m, 1H), 7.48 (d, 2H, J = 9.00 Hz), 7.62 (d, 2H, J = 9,00 Hz), 7.95 (s,
1H), 8.08 (m, 1H), 8.54 (s, 1H), 8.58 (s, 1H), 9.21 (s, 1H), 10.11 (s, 1H). LC-MS
(APCI+): m/z 468 (MH") and 470 (M+2+H")—tr (min): 3.11.

Compound 24: 'H NMR (DMSO) 6y 3.61 (s, 3H), 3.88 (s, 3H), 3.95 (s, 3H), 6,58 (d,
1H, H, J,=7.40 Hz), 6.98 (d, 2H, J = 8.40 Hz), 7.05-7.15 (m, 2H), 7.20 (d, 2H,
J=8.40Hz), 7.64 (s, 1H), 7.79 (d, 1H, ] = 4,40 Hz), 7.91 (s, 1H), 8.61 (s, 1H), 8.87
(s, 1H). LC-MS (APCI+): m/z 482 (MH") and 484 (M+2+H")—tr (min): 3.43.
Molecular modeling: All the calculations have been carried out under the Sybyl
6.9.1 molecular modeling package running on Silicon Graphics Octane 2
workstations. The ligands were built from the internal fragments library of
Sybyl and their geometry was optimized by the Powell method available in the
Maximin2 procedure to a gradient of 0.001 Kcal/mol A. The dielectric constant
was set to 4 to implicitly represent a biological medium the atomic charges
were attributed following the Gasteiger-Hiickel method and the energy
minimization was run with the Tripos force field. The structure of the
protein co-crystallized with an inhibitor was obtained from the Protein Data
Bank (http://www.pdb.org) under the entry TYWN.
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