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Abstract—We have identified a novel class of 6-thiazolylquinazolines as potent and selective inhibitors of both ErbB-2 and EGFR
tyrosine kinase activity, with ICsy values in the nanomolar range. These compounds inhibited the growth of both EGFR (HN5) and
ErbB-2 (BT474) over-expressing human tumor cell lines in vitro. Using xenograft models of the same cell lines, we found that the
compounds given orally inhibited in vivo tumor growth significantly compared with control animals.

© 2003 Elsevier Science Ltd. All rights reserved.

Epidermal growth factor receptor (EGFR) and ErbB-2
are members of the Type I receptor tyrosine kinase
(TK) family (also known as the HER or ErbB family).
Over-expression of these receptors is found in a number
of cancers (e.g., breast, ovarian, colon, prostate) and
has been associated with poor prognosis in patients.!-?
Recent success in the clinical evaluation of TK inhibi-
tors (Fig. 1) strongly suggests that these targets repre-
sent drug intervention opportunities.® Excellent
descriptions of the involvement of erbB family proteins
in cell physiology and disease applications have been
published by Adams and Yarden.*> There are also recent
reviews that cover Type I Receptor TK inhibitors.®’

Type I receptors function as ligand receptors in a matrix
of hetero- and homo-dimers. The greatest over amplifi-
cation of signal is observed with erbB-2 heterodimers
and this heterodimerization of the erbB-2 receptor may
be the preferred initiating event for signaling with this
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Figure 1. Examples of ErbB family TK inhibitors currently in clinical
trials for anti-cancer therapy.

receptor.>> There appears to be a strong hierarchy of
receptor dimerization, with those involving erbB-2 as
the most stable and preferred.?> For these reasons, we
designed molecules to specifically target both erbB-2
and EGFR TK inhibition.

Because small substitution changes in kinase inhibitors
greatly affect the kinase inhibition and drug properties,
a series of compounds were generated to investigate the
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structure—activity relationships (SARs) of the 6-
thiazolylquinazoline series. We report several dual erbB-
2/EGFR TK inhibitors that possess efficacy in pre-clin-
ical models for cancer and a facile synthetic route to
obtain these compounds.

A straightforward five step synthetic route was used to
generate 6-thiazolylquinazoline derivatives and is
depicted in Figure 2. Representative 4-anilino groups
used in step 1 are listed in Table 1 and the synthesis of
the thioamide reagent in step 4 is shown in Figure 3.

Treatment of 4-chloro-6-iodoquinazoline® with the
appropriately substituted anilines in warm isopropanol
afforded the 4-anilino-6-iodoquinazoline in high yields
(>80%) using a simple filtration isolation. Stille coupl-
ing of the 4-anilino substituted iodoquinazoline with
1-ethoxy-1-vinyltributyltin gave the desired 6-(1-ethoxy-
vinyl)-quinazoline in 75% yield. Treatment of the
6-ethoxyvinylquinazoline with N-bromosuccinimide in
dichloromethane followed by an immediate Hantzsch
reaction® of the unstable a-bromoketone intermediate
with the appropriate thioamide produced the sub-
stituted  6-(2,4-thiazole)-quinazoline in  moderate
(15-40%) yields. Hydrolysis of the trifluoroacetamide
from the aminomethyl thiazole side chain with NaOH/
MeOH and subsequent treatment with anhydrous HCI
provided the desired final products as hydrochloride
salts in good (70-80%) yields.

The tolerance for substitution in the 6-position of the
quinazoline was generally large for potent enzyme inhib-
ition, so we used cellular activity to develop the SAR to
determine the preferred substitutions. Work in our
laboratory had demonstrated that one of the best
6-position side chain substitutions for providing optimal
cellular activity was achieved when the 2-(methylsulfo-
nyl)ethyl amino group was the preferred side chain
substitution linked via a methylene unit to a hetero-
cyclic ring (Fig. 1, GW572016).'° The synthetic route to
the fully functionalized thioamide for use in the con-
densation reaction to generate the thiazole is shown in
Figure 3. Beginning with the commercially available
methylthioethylamine, an alkylation with chloro-
acetonitrile followed by acetylation with trifluoroacetic
anhydride afforded the trifluoroacetamide in near
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Figure 2. Synthetic route to 6-thiazolylquinazoline derivatives.

quantitative yield. Oxidation with potassium peroxy-
monosulfate produced the sulfonyl compound, which
was in turn converted to the thioamide by passing
through hydrogen sulfide in the presence of triethyl-
amine. This thioamide was then utilized in step 4 of the
synthetic route illustrated in Figure 2.

The quinazoline scaffold provides the necessary binding
properties for inhibition of the erbB family of tyrosine
kinases.” The 1Cs, values for enzyme activity were gen-
erated by measuring the inhibition of the phosphoryl-
ation of a peptide substrate.!! Smaller aniline

Table 1. Catalytic enzyme assay results of 6-thiazolylquinazoline
aniline derivatives
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Figure 3. Synthetic route to the thioamide side chain.
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substitutions generally provide compounds with potent
EGFR TK inhibition, while larger aniline substitutions
generally confer greater dual erbB-2 and EGFR tyro-
sine kinase inhibition. Using a mix and match strategy
for lead optimization, the ‘best’ anilines for dual inhibi-
tion were combined with the optimized side chain. The
results are listed in Table 1.

The choice of cell lines for evaluating these compounds as
dual inhibitors was very important. The control cell line
that was used was HFF, a normal human foreskin fibro-
blast and the desired compound profile should not inhibit
the proliferation of these cells. A head and neck carcinoma
cell line, HNS, which overexpresses EGFR, was used to
determine the effectiveness of the EGFR TK inhibitory
properties. Both N87, a gastric carcinoma cell line, and
BT474, a breast carcinoma cell line, overexpress erbB-2
and should be potently inhibited by a dual erbB-2/EGFR
TK inhibitor. Further, we used the same tumor cell lines
in subcutaneous (sc) human xenograft murine models to
evaluate the pre-clinical anti-tumor activity.

A good correlation is observed between the catalytic
enzyme activity profile and the cellular efficacy of these
derivatives (Table 2). For example, 1 is a potent EGFR
TK inhibitor and it is relatively selective for the HNS
tumor line over the normal cell line and the lines over-
expressing erbB-2 (N87 and BT474). Excellent growth
inhibitory activity is observed in cell lines over-expres-
sing EGFR (HNY5) and erbB-2 (BT474 and N87) with
dual inhibitors such as 3, 5, and 6. The best overall cellular
activity is observed with compounds 3 (N-1-benzyl-
indazole) and 6 (4-[3-fluorobenzyloxy]-3-chloroaniline).

Compounds were progressed for further study provided
that the ICsq values for cellular efficacy were below 300
nM and the selectivity ratio exceeded 20-fold tumor
versus normal cells. The tabulated average dual enzyme
inhibition values and averaged tumor cell line values are
illustrated in Table 3. Since 1 would not be expected to
function as a dual inhibitor, it does not meet the criteria for
progression. However, the most promising 6-thiazolyl-
quinazoline compounds (3, 5, 6) exceed 100-fold selec-
tivity for tumor cells over normal cells.

Pharmacokinetic parameters were generated in female
CD-1 mice (n=2 per time point), treated with a single

Table 2. Cellular activity results for a representative normal line
(HFF) and tumor lines

Entry HFF? HN5P N87¢ BT474¢

1 >10 0.57+0.14 444026 2.4+33
2 >18 1.6+0.4 15403 0.86+0.5
3 12 0.11+0.01 0.0940.01 0.06+0.00
4e >30 18 7.4 15

5 >30 0.2340.02 0.36+0.12 0.28+0.11
6 >23 0.0840.01 0.134+0.03 0.1140.04

1Cs, values reported as pM concentrations.
“Human foreskin fibroblasts.

®Head and neck tumor line over-expressing EGFR.
°Gastric tumor line over-expressing erbB-2.

dBreast tumor line over-expressing erbB-2.

‘n=1.

Table 3. Averaged enzyme values, average tumor cell line values, and
selectivity ratio

Entry EGFR and Tumor HFF Selectivity®
ErbB-2 TK cell lines average X-fold
dual inhibition average ICs, pM difference
average 1Cso, pM
ICsp, uM
1 0.054 2.45 >10 >4
2 0.028 1.32 >30 > 14
3 0.012 0.089 12 135
4 0.32 7.4 >30 >4
5 0.011 0.29 >30 > 105
6 0.012 0.11 >30 >210

“Ratio of the growth inhibitory ICs, values of normal cell line (HFF)
to the average of the three tumor cell lines.

Table 4. Representative murine in vivo data

No. v PO F %TI? %TI?
AUC AUC (%) (HNS)® (BT474)°

1 nd nd nd 55 nd

2 11,308 7534 66.6 43 33

3 2489 274 11 65 0

5 14,722 2439 16.6 84 59

6 19,040 7520 39.5 81 33
nd, no data.

2% TI = tumor inhibition.
®Head and neck tumor line.
“Breast tumor line.

IV or oral dose of compound at 10 mg/kg. The data are
compiled in Table 4 and demonstrate a range of plasma
exposures for these compounds with oral bioavailability
ranging from 11 to 67%. The compounds were also
administered orally at 100 mg/kg BID for 21 days in the
sc xenograft studies of both an erbB-2 and EGFR over-
expressing human tumor cell lines. The tumor inhibi-
tion, which was recorded for the final day of the study,
is listed in Table 4.!> The data illustrate that compound
6 was the most efficacious compound in this 6-thiazoyl-
quinazoline series, displaying approximately 80% tumor
inhibition in both the HN5 and BT474 xenograft mod-
els as further illustrated in Figures 4 and 5. It is note-
worthy that the 6-thiazole substitution generally
afforded better mouse oral exposures than the 6-furyl
series that led to the discovery of GW572016.!3
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Figure 4. Inhibition of HNS5 xenograft growth by 6.
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Figure 5. Inhibition of BT474 xenograft growth by 6.

The data for tumor weights measured over the treat-
ment period are shown graphically for 6, one of the
most efficacious compounds in this series, in both the
erbB-2 and EGFR over-expressing lines. The control
line represents a vehicle treated group of animals and
approximately two tumor size doublings occur during
the treatment period. A dose response can be seen in
both models for a 0, 30, 100 mg/kg BID po of com-
pound 6. Lack of significant body weight loss (data not
shown) during treatment with 6 in the subcutaneous in
vivo xenograft mouse model suggests a good thera-
peutic index.

The quinazoline scaffold provides the necessary binding
properties for inhibition of the ErbB family of tyrosine
kinases. A series of 6-thiazolyl-quinazolines were dis-
cussed and the results of extensive SAR investigations
were summarized using representative examples. The
compounds possessed excellent in vitro tyrosine kinase
inhibition as well as selective tumor cell-based activity.
Furthermore, the compounds provided an acceptable
pharmacokinetic profile to allow for oral dosing in a
series of subcutaneous in vivo xenograft models. All of
these studies, taken together, resulted in the discovery of
compound 6, which showed good anti-tumor activity
with a lack of significant body weight loss during treat-
ment, suggesting a good therapeutic index for this com-
pound. Dual inhibition of EGFR and ErbB-2 may offer
increased activity over agents which target only one of
these receptor kinases. Our results suggest that these

dual inhibitors of ErbB-2/EGFR tyrosine kinases have
the potential for providing therapeutic benefit across a
broad range of tumors.
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