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(57) Abrege/Abstract:
The present invention relates to the use of quinazolines of formula (1), (see formula |), wherein the groups R? to RY have the
meanings given In the claims and specification, in cancer therapy.
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Abstract

The present invention relates to the use of quinazolines of formula (),

Ra Rb
N\ /
L X
o \" d |
N Y OOF 0
N

wherein the groups R® to R have the meanings given in the claims and specification, in

S cancer therapy.
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Quinazoline derivatives for the treatment of cancer diseases

This is a divisional of Canadian patent application No. 2,629,244, filed on November 9, 2006.

The present invention relates to the use of quinazolines of formula (1),

Ra Rb

(1),

wherein the groups R? to R? have the meanings given herein, in cancer therapy.

The present invention more specifically relates to use of 4-[(3-chloro-4-fluorophenyl)amino]-
6-{[4-(N,N-dimethylamino)-1-o0xo-2-buten-1-yl}amino}-7-((S)-tetrahydrofuran-3-yloxy)-

quinazoline

optionally in form of a tautomer, racemate, enantiomer, or mixture thereof and optionally in
form of a pharmacologically acceptable acid addition salt, solvate or hydrate, for treatment of
a patient suffering from a breast cancer, wherein the breast cancer is metastatic or non-
metastatic, and wherein the breast cancer is an adenocarcinoma (AC), an invasive ductal
cancer, a lobular or medullary cancer, a tubular cancer, a mucinous cancer, a Paget-

carcinoma, an inflammatory carcinoma, or a ductal or lobular carcinoma in situ.
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In another embodiment, the present invention relates to a pharmaceutical formulation for use

in the treatment of a patient suffering from a breast cancer, wherein the breast cancer is
metastatic or non-metastatic, and wherein the breast cancer is an adenocarcinoma (AC), an
invasive ductal cancer, a lobular or a medullary cancer, a tubular cancer, a mucinous cancer, a
S5 Paget-carcinoma, an inflammatory carcinoma, or a ductal or lobular carcinoma in situ,
comprising an effective amount of 4-[(3-chloro-4-fluorophenyl)amino}-6-{{4-(N,N-
dimethylamino)-1-ox0-2-buten-1-yl]amino }-7-((S)-tetrahydrofuran-3-yloxy)-quinazoline

optionally in form of a racemate, enantiomer, or a mixture thereof and optionally in form of a

10 pharmacologically acceptable acid addition salt, solvate or hydrate, and an acceptable

excipient.

In some embodiments, 4-[(3-chloro-4-fluorophenyl)amino}-6-{[4-(N,N-dimethylamino)-1-

oxo-2-buten-1-yl]-amino }-7-((S)-tetrahydrofuran-3-yloxy)-quinazoline dimaleate 1s used.

In some embodiments, the patient is a cancer patient known to carry a tumor harboring an

15  activating EGFR mutation. In some embodiments, the EGFR mutation 1s the L858R or 1.861
point mutation (exon 21), an in-frame deletion/insertion mutation in the ELREA sequence

(exon 19), or a substitution in G719 (exon 18).

In some embodiments, the patient is a cancer patient known to carry a tumor harboring an

activating HER2 mutation. In some embodiments, the HER2 mutation 1s the

20 M774 A775insAY VM mutation.
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It should be understood that reference herein to “the present invention” or the like may refer

to the subject-matter of this application, the parent or a related divisional.

Background of the invention

Compounds of formula (I) are disclosed in WO 02/50043, WO 2004/074263 and

WO 2005/037824 as dual inhibitors of erbbl receptor (EGFR) and erbB2 (Her2/neu) receptor
tyrosine kinases, suitable for the treatment of e.g. benign or malignant tumours, particularly
tumours of epithelial and neuroepithelial origin, metastasisation and the abnormal
proliferation of vascular endothelial cells (neoangiogenesis), for treating diseases of the
airways and lungs which are accompanied by increased or altered production of mucus caused
by stimulation by tyrosine Kinases, as well as for treating diseases of the gastrointestinal tract
and bile duct and gall bladder which are associated with disrupted activity of the tyrosine
kinases. The disclosure of WO 02/50043, WO 2004/074263 and WO 2005/037824 includes

preparation as well as pharmaceutical formulation of the compounds and is referenced

regarding these aspects.

Furthermore, it 1s known for treatment of tumour diseases that the compounds may be used in
monotherapy or in conjunction with other anti-tumour therapeutic agents, for example in
combination with topoisomerase inhibitors (e.g. etoposide), mitosis inhibitors

(e.g. vinblastine), compounds which interact with nucleic acids (e.g. cisplatin,
cyclophosphamide, adriamycin), hormone antagonists (e.g. tamoxifen), inhibitors of

metabolic processes (e.g. 5-FU etc.), cytokines (e.g. interferons) or antibodies.
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Summary of the Invention

It has been found that the compounds of formula (I) provide unexpected advantages in

the treatment of cancer, e.g. superior efficacy and/or reduced side effects, especially 1n

the treatment of several specific cancer-subindications.

A first aspect of the present invention therefore is a method of treating cancer,
preferably the specific cancer-subindications referred to hereinafter, said method
comprising administering a therapeutically effective amount of a compound of formula
(I) to a patient in need thereof, optionally in combination with radiotherapy, radio-

immunotherapy and/or tumour resection by surgery.

Any reference to a compound of formula (I) in connection with the invention should be
understood to include the tautomers, racemates, enantiomers and diastereomers thereof,
if any, the mixtures thereof as well as the pharmacologically acceptable acid addition
salts, solvates, hydrates, polymorphs, physiologically functional derivatives or prodrugs
thereof.

The expression "patient” relates to a human or non-human mammalian patient suffering
from cancer and thus in need of such treatment, preferably the patient 1s a human
person. Furthermore, the expression "patient" should be understood to include such
cancer patients carrying tumors with wild-type EGF receptor as well as pre-selected
cancer patients with tumors harboring activating EGFR mutations. These can be located
in the tyrosine kinase domain of the EGF receptor such as for instance the L858R or
1861 point mutations in the activation loop (exon 21), or in-frame deletion/insertion
mutations in the ELREA sequence (exon 19), or substitutions in G719 situated 1n the
nucleotide binding loop (exon 18). Additional activating mutations have been reported
in the extracellular domain of the EGF receptor in various indications (e.g. EGFR vill
displaying exon 2-7 deletions). Other mutations such as the T790M point mutation 1n
exon 20 as well as certain exon 20 insertions (e.g. D770 N771insNPG) which confer

resistance to particular drugs should also be included, as well as double mutants such as

the combined L858R / T790M mutation or the exon-19-del/T790M.
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The expression "patient” should be understood to include also such cancer patients
carrying tumors with wild-type HER2 receptor as well as pre-selected cancer patients

with tumors harboring activating HER2 mutations, e.g. M774 A775mmsAY VM.

The indication "cancer" as used in the context of the invention is to be understood 1n a
most general sense as a diseasc characterized by inappropriate cellular proliferation,
migration, apoptosis or angiogenesis, preferably by inappropriate cellular proliferation.
Inappropriate cell proliferation means cellular proliferation resulting from tnapproprnate
cell growth, from excessive cell division, from cell division at an accelerated rate and/or

from inappropriate cell survival.

"Radiotherapy” means administering ionizing radiation to the patient, as conventionally
used 1n cancer therapy. Radiotherapy may be applied before, in paraliel or after

treatment by administration of a compound of formula (I).

"Tumour resection by surgery” i1s one standard option in cancer therapy and may be

applied before or after treatment by administration of a compound of formula (I).

A second aspect of the present invention is directed to the use of a compound of
formula (I) for the manufacture of a medicament for the treatment of cancer, preferably

for the treatment of the specific cancer-subindications referred to hereinafter.

Detalled Description of the Invention
In a first embodiment (1), both with regard to the first and second aspect of the

invention, formula (I)

Ra Rb
N/
h H
N NN
N~ Rd
~ O
N Rc

18 defined to encompass those compounds wherein
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R" denotes a benzyl, 1-phenylethyl or 3-chloro-4-fluoropheny! group,
R® denotes a hydrogen atom or a C,4-alkyl group,

R® denotes a cyclopropylmethoxy, cyclobutyloxy, cyclopentyloxy, tetrahydrofu-
ran-3-yl-oxy, tetrahydrofuran-2-yl-methoxy, tetrahydrofuran-3-yl-methoxy, tetrahydro-
pyran-4-yl-oxy or tetrahydropyran-4-yl-methoxy group,

R¢ denotes a dimethylamino, N-cyclopropyl-N-methyl-amino, N-cyclopropylmethyl-N-
methyl-amino, N-ethyl-N-methyl-amino, N,N-diethylamino, N-isopropyl-N-methyl-
amino, N-(2-methoxyethyl)-N-methyl-amino, = N-(1-methoxy-2-propyl)-N-methyl-
amino, N-(3-methoxypropyl)-N-methyl-amino, pyrrolidino, 2-methylpyrrolidino, 2-
(methoxymethyl)-pyrrolidino, morpholino, (1S,4S)-2-oxa-5-aza-bicyclo[2.2.1]hept-5-
yl, (1R,4R)-2-oxa-5-aza-bicyclo[2.2.1}hept-5-yl, N-cyclopropyl-N-methyl-amino-,
N-methyl-N-(tetrahydrofuran-3-yl)-amino, N-methyl-N-(tetrahydrofuran-2-ylmethyi)-
amino, N-methyl-N-(tetrahydrofuran-3-yl-methyl)-amino, N-methyl-N(tetrahydropyran-
4-yl}-amino or N-methyl-N-(tetrahydropyran-4-yl-methylf)-amino group, or a group of
formula (1I)

Rf
//7(0
—N

v (),

Re

wherein R® and RY which may be 1dentical or different, in each case denote a

hydrogen atom or a C,3-alkyl group,

optionally in form of its tautomers, racemates, enantiomers, diastereomers and the
mixtures thereof and optionally in form of the pharmacologically acceptable acid
addition salts, solvates, hydrates, polymorphs, physiologically functional derivatives or

prodrugs thereof.
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In a second embodiment (2), both with regard to the first and second aspect of the

invention, formula (I)

Ra RO

H
N NN
N~ Rd
Y\/\ (l)’

1s defined to encompass those compounds wherein
R?* denotes a 3-chloro-4-fluorophenyl group,

R® denotes a hydrogen atom,

R* denotes a cyclopropylmethoxy, cyclobutyloxy, cyclopentyloxy, tetrahydro-
furan-3-yl-oxy, tetrahydrofuran-2-yl-methoxy, tetrahydrofuran-3-yl-methoxy,
tetrahydropyran-4-yl-oxy or tetrahydropyran-4-yl-methoxy group,

RY denotes a dimethylamino, N-cyclopropyl-N-methyl-amino, N-cyclopropylimethyl-N-
methyl-amino, N-ethyl-N-methyl-amino, N,N-diethylamimno, N-i1sopropyl-N-methyl-
amino, N-(2-methoxyethyl)-N-methyl-amimo,  N-(1-methoxy-2-propyl)-N-methyl-
amino, N-(3-methoxypropyl)-N-methyl-amino, pyrrolidino, 2-methylpyrrolidino, 2-
(methoxymethyl)-pyrrolidino, morpholino, (1S5,45)-2-oxa-5-aza-bicyclo[2.2.]1]hept-5-
yl, (1R,4R)-2-0oxa-~5-aza-bicyclof[2.2.1]hept-5-yl, N-methyl-N-(tetrahydrofuran-
3-yl)-amino, N-methyl-N-(tetrahydrofuran-2-yl-methyl)-amino, N-methyl-N-(tetra-
hydrofuran-3-yl-methyl)-amino, N-methyl-N-(tetrahydropyran-4-yl)-amino or
N-methyl-N-(tetrahydropyran-4-yl-methyl)-amino group, or a group of formula (1I)

Rf
d 0
—N

v (),

Re
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wherein R® and R’ denote a hydrogen atom.

In a third embodiment (3), both with regard to the first and second aspect of the

invention, formula (I)

R RP
N/
N
N~
N~ Rd
N \f\/\ ().
N e

1s defined to encompass those cbmpounds wherein
R" denotes a 3-chloro-4-fluoropheny! group,

R® denotes a hydrogen atom,

R® denotes a tetrahydrofuran-3-yl-oxy, tetrahydrofuran-2-yl-methoxy, tetrahydro-
furan-3-yl-methoxy, tetrahydropyran-4-yl-oxy or tetrahydropyran-4-yl-methoxy group,

R? denotes a dimethylamino, N-cyclopropyl-N-methyl, N-ethyl-N-methyl-amino, N,N-
diethylamino, N-1sopropyl-N-methyl-amino, morpholino, (15,45)-2-oxa-5-aza-bicyclo-

[2.2.1}hept-5-yl or (1R,4R)-2-0xa-5-aza-bicyclo[2.2.1]hept-5-yl, group, or a group of
formula (IT)

—N (h,

Re

wherein R® and R' denote a hydrogen atom.
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In a fourth embodiment (4), both with regard to the first and second aspect of the

invention, formula (I)

Ra Rb

N /
N

H
N N
N~ Rd
S \([)(\/\ o,
N Rc

18 defined to encompass those compounds wherein
R* denotes a 3-chloro-4-fluorophenyl group,
R® denotes a hydrogen atom,

R® denotes a tetrahydrofuran-3-yl-oxy, tetrahydrofuran-2-yl-methoxy or
tetrahydrofuran-3-yl-methoxy group,

R? denotes a dimethylamino group or a group of formula (II)

Rf

0O
—N (1,

Re
wherein R® and Rf, denote a hydrogen atom.

In a fifth embodiment (5), both with regard to the first and second aspect of the

invention, formula (I) 1s defined to encompass the compounds selected from the group

consisting of

(a) 4-[(3-chloro-4-fluorophenyl)amino}-6-{[4-(N,N-dimethylamino)-1-0x0-2-buten-1-

ylJamino}-7-cyclobutyloxy-quinazoline,
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(b) 4-[(3-chloro-4-fluorophenyl)amino]-6-{[4-(N,N-dimethylamino)-1-0x0-2-buten-1-

yl]Jamino}-7-cyclopentyloxy-quinazoline,

(¢) 4-[(3-chloro-4-fluorophenyl)amino}-6-{[4-(N,N-dimethylamino)-1-oxo-2-buten-1-
ylJamino }-7-((R)-tetrahydrofuran-3-yloxy)-quinazoline,

(d) 4-[(3-chloro-4-fluorophenyl)amino]-6-{[4-(N,N-dimethylamino)-1-o0xo-2-buten-1-
yllamino}-7-((S)-tetrahydrofuran-3-yloxy)-quinazoline,

() 4-[(3-chloro-4-fluorophenyl)amino}-6-{[4-(N,N-dimethylamino)-1-oxo-2-buten-1-
yllamino}-7-(tetrahydropyran-4-yloxy)-quinazoline,

(f) 4-[(3-chloro-4-fluorophenyl)amino}-6-{[4-(N,N-dimethylamino)-1-oxo0-2-buten-1-
ylJamino}-7-{(tetrahydrofuran-2-yl)methoxy|-quinazoline,

(g) 4-[(3-chloro-4-fluorophenyl)aminol-6-{[4-(N,N-dimethylamino)-1-0x0-2-buten-1-
ylJamino}-7-[(tetrahydrofuran-3-yl)methoxy}-quinazoline,

(h) 4-[(R)-(1-phenyl-ethyl)amino]-6-{[4-(N,N-dimethylamimo)-1-o0xo0-2-buten-1-

ylJamino}-7-cyclopropylmethoxy-quinazoline,

(1) 4-[(3-chloro-4-fluorophenyl)amino}-6-{[4-(morpholin-4-yl)-1-oxo-2-buten-1-
ylJamino}-7-[(tetrahydrofuran-2-yl)methoxyj-quinazoline,

(3) 4-[(3-chloro-4-fluorophenyl)amino]-6-1[4-(N,N-dimethylamino)-1-oxo-2-buten-1-
yl]Jamino}-7-[(S)-(tetrahydrofuran-2-yl)methoxy}-quinazoline,

(k) 4-[(3-chloro-4-fluoro-phenyl)amino}-6-{[4-(homomorpholin-4-yl)-1-0xo0-2-buten-
1-ylJamino}-7-[(S)-(tetrahydrofuran-3-yl)oxy]-quinazoline,
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() 4-[(3-chloro-4-fluoro-phenyl)amino]-6-{[4-(N-ethyl-N-methyl-amino)-1-oxo0-2-
buten-1-yllamino}-7-[(S)-(tetrahydrofuran-3-yl)oxy}-quinazohne,

(m) 4-[(3-chloro-4-fluoro-phenyl)amino}-6- {[4-(N-isopropyl-N-methyl-amino)-1-oxo-
2-buten-1-ylJamino}-7-[(S)-(tetrahydrofuran-3-yl)oxy]-quinazoline,

(n) 4-[(3-chloro-4-fluoro-phenyl)amino]-6-{[4-(N-cyclopropyl-N-methyl-amino)-1-

0x0-2-buten-1-yllamino}-7-cyclopentyloxy-quinazoline,

(o) 4-[(3-chloro-4-fluoro-phenyl)amino]-6-{[4-(N,N-diethyl-amino)-1-oxo-2-buten-1-

yl]amino}-7-cyclopropylmethoxy-quinazoline,

(p) 4-[(3-chloro-4-fluoro-phenyl)amino]-6-{[4-((15,45)-2-oxa-5-aza-bicyclo[2.2.1]-
hept-5-yl)-1-oxo0-2-buten-1-ylJamino}-7-[(S)-(tetrahydrofuran-3-yl)oxy J-

quinazoline,

(q) 4-[(3-chloro-4-fluoro-phenyl)amino]-6-{[4-((1R,4R)-2-0xa-5-aza-bicyclo|2.2.1}]-
hept-5-yl)-1-oxo0-2-buten-1-yllamino } -7-[(S)-(tetrahydrofuran-3-yljoxy]-

quinazoline and

(r) 4-[(3-chloro-4-fluoro-phenyl)amino]-6-{[4-(dimethylamino)-1-oxo-2-buten-1-
yl]Jamino}-7-cyclopropylmethoxy-quinazolne.

In a sixth embodiment (6), both with regard to the first and second aspect of the

invention, the compounds of formula (I) are selected from the group consisting of

(d) 4-[(3-chloro-4-fluorophenyl)amino]-6-{[4-(N,N-dimethylamino)-1-oxo-2-buten-1-
ylJamino}-7-((S)-tetrahydrofuran-3-yloxy)-quinazolne,
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(k) 4-[(3-chloro-4-fluoro-phenyl)amino]-6-{[4-(homomorpholin-4-yl)-1-oxo0-2-buten-
1-ylJamino}-7-[(S)-(tetrahydrofuran-3-yl)oxy]-quinazoline,

the dimaleate salt of compound (d) being especially preferred:

(d") 4-[(3-chloro-4-fluorophenyl)amino}-6-{[4-(N,N-dimethylamino)-1-oxo-2-buten-1-
yllamino}-7-((S)-tetrahydrofuran-3-yloxy)-quinazoline dimaleate.

In a preferred embodiment the invention relates to the use of a compound of formula (1)
according to the invention, wherein the disease is cancer selected from the group
consisting of carcinomas, sarcomas, melanomas, myelomas, hematological neoplasias,

lymphomas and childhood cancers.

Examples of carcinomas within the scope of the invention include but are not limited to

adenocarcinoma (AC), squamous cell carcinoma (SCC) and mixed or undifferentiated

carcinomas. Carcinomas within the scope of the invention include but are not lmited to
the following histologies:
e Head and neck tumours: SCC, AC, transitional cell cancers, mucoepidermoid

cancers, undifferentiated carcinomas;

* Central nervous system tumours: Astrocytoma, glioblastoma, meningeoma,
neurinoma, schwannoma, ependymoma, hypophysoma, oligodendroglioma,
medulloblastoma;

e Bronchial and mediastinal tumours:

o Bronchial tumours:
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= Small cell lung cancers (SCLC): oat-cell lung cancer, intermediate cell
cancer, combined oat-cell lung cancer;

=  Non-small cell lung cancers (NSCLC): SCC, spindie cell carcinoma, AC,
bronchioalveolar carcinoma, large cell NSCLC, clear cell NSCLC;

o Mesothelioma;

o Thymoma;

o Thyroid carcinomas: papillary, follicular, anaplastic, medullary;

e Tumours of the gastrointestinal tract:

o Oesophageal cancers: SCC, AC, anaplastic, carcinoid, sarcoma;

o Gastric cancers: AC, adenosquamous, anaplastic;

o Colorectal cancers: AC, including hereditary forms of AC, carcinoid,
sarcoma;

o Anal cancers: SCC, transitional epithelial cancer, AC, basal cell carcinoma;

o Pancreatic cancers: AC, including ductal and acinary cancers, papillary,
adenosquamous, undifferentiated, tumours of the endocrine pancreas;

o Hepatocellular carcinoma, cholangiocarcinoma, angiosarcoma,
hepatoblastoma,;

o Biliary carcinomas: AC, SCC, small cell, undifferentiated,;

o Gastrointestinal stroma tumours (GIST);

¢ (Gynaecological cancers:

o Breast cancers: AC, including invasive ductal, lobular and medullary
cancers, tubular, mucinous cancers, Paget-carcinoma, inflammatory
carcinoma, ductal and lobular carcinoma in situ;

o Ovarian cancers: Epithelial tumours, stroma tumours, germ cell tumours,
undifferentiated tumours;

o Cervical cancers: SCC, AC, mixed and undifferentiated tumours;

o Endometrial cancers: AC, SCC, mixed, undifferentiated tumours;

o Vulvar cancers: SCC, AC;

o Vaginal cancers: SCC, AC;

o Urinary tract and testicular cancers:

o Testicular cancers: senmunoma,;
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o Non-seminomatous germ cell tumours: teratoma, embryonal cell carcinoma,
choriocarcinoma, yolk sac tumour, mixed, Sertoli and Leydig-cell tumours;

o Extragonadal germ cell tumours;

o Prostate cancers: AC, small cell, SCC;

o Renal cell cancers: AC, including clear cell, papillary and chromophobous
carcinomas, hereditary forms (e.g. von-Hippel-Lindau syndrome),
nephrobiastoma;

o Urinary bladder cancers: transitional cell (urothelial) cancers, SCC, AC;

o Urethral cancers: SCC, transitional cell cancers, AC;

o Penile cancers: SCC;

* Tumours of endocrine tissue:

o Thyroid cancers: papillary, follicular, anaplastic, medullary carcinomas,
including MEN syndrome;

o Tumours of the endocrine pancreas;

o Carcimods;

o Pheochromocytoma.

Examples of sarcomas within the scope of the invention include but are not limited to
Ewing-sarcoma, osteosarcoma or osteogenic sarcoma, chondrosarcoma, synovial
sarcoma, leilomyosarcoma, rhabdomyosarcoma, mesothchal sarcoma or mesothehoma,
fibrosarcoma, angiosarcoma or hemangioendothelioma, liposarcoma, glioma or
astrocytoma, myxosarcoma, malignant fibrous histiocytoma, mesenchymous or mixed

mesodermal tumour, neuroblastoma and clear cell sarcoma.

Examples of melanomas within the scope of the mmvention include but are not limited to

superficial spreading melanoma, nodular and lentigo-maligna melanoma.

Examples of myelomas within the scope of the invention include but are not himited to

immunocytoma, plasmocytoma and multiple myeloma.

In another preferred embodiment the invention relates to the use according to the

invention, wherein the hematological neoplasia 1s leukema.
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Further examples of hematologic neoplasias within the scope of the invention include
but are not limited to acute or chronic leukemias of myeloid, erythroid or lymphatic
origin, myelodysplastic syndromes (MDS) and myeloproliferative syndromes (MPS,
such as chronic myelogeneous leukemia, osteomyelofibrosis, polycythemia vera or

essential thrombocythemia).

Examples of lymphomas within the scope of the invention include but are not limited
to:
 Hodgkin’s-lymphoma;
e Non-Hodgkin’s-lymphomas: T- and B-cell lymphomas
o B-cell lymphomas:
= Low and intermediate grade: Chronic lymphocytic leukemia (CLL),
prolymphocytic leukemia (PLL), small lymphocytic lymphoma, hairy
cell leukemia, plasmacytoid lymphoma, mantle cell lymphoma, follicuiar
lymphoma, marginal zone lymphoma including MALT-lymphoma;
= High grade: diffuse large B-cell lymphoma (DLBCL including
immunoblastic and centroblastic variants), lymphoblastic, Burkitt’s
lymphoma;
o T-cell lymphomas:
= Low grade: T-CLL, T-PLL, Mycosis fungoides, Sezary-syndrome;
» High grade: Anaplastic large cell, T-immunoblastic and lymphoblastic.

In another preferred embodiment the invention relates to the use according to the
invention, wherein the disease is cancer selected from the group consisting of mixed

tumours, undifferentiated tumours and metastases thereof.

Examples of mixed tumours within the scope of the invention include but are not
limited to adenosquamous carcinomas, mixed mesodermal tumours, carcinosarcomas

and teratocarcinomas.
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Examples of undifferentiated, other tumours or metastases thereof within the scope of
the invention include but are not limited to undifferentiated tumours, carcinomas of

unknown primary (CUP), metastases of unknown primary (MUP) and

pheochromocytoma, carcinoids.

Additionally the following tumour diseases which can be treated with a compound of

formula (I} in accordance with the invention are summanzed:

acral lentiginous melanoma, actinic keratoses, adenoid cycstic carcinoma, adenomas,
adenosarcoma, adrenocortical carcinoma, AIDS-related lymphoma, bartholin gland
carcinoma, brain stem glioma, capillary carcinoma, central nervous system lymphoma,
chondosarcoma, choriod plexus papilloma/carcinoma, cystadenoma, endodermal sinus
tumor, endometrial hyperplasia, endometrial stromal sarcoma, endometrioid
adenocarcmoma, epitheloid, focal nodular hyperplasia, gastrinoma, gestational
trophoblastic tumor, glucagonoma, hepatic adenoma, hepatic adenomatosis,
hypopharyngeal cancer, hypothalamic and visual pathway glioma, insulinoma,
intraepithelial neoplasia, interepithelial squamous cell neoplasia, intraocular invasive
squamous cell carcinoma, large cell carcinoma, islet cell carcmoma, Kapost's sarcoma,
laryngeal cancer, leukemia-related disorders, lip and oral cavity cancer, malignant
mesothelial tumors, malignant thymoma, medulloepithelioma, merkel cell carcinoma,
mucoepidermoid carcinoma, multiple myeloma/plasma cell neoplasm, mycosis
fungoides, myelodysplastic syndrome, myeloproliferative disorders, nasal cavity and
paranasal sinus cancer, nasopharyngeal cancer, neuroepithelial adenocarcinoma, nodular
melanoma, oat cell carcinoma, oligodendroglial, oral cancer, oropharyngeal cancer,
pineal cell, pituitary tumors, pseudosarcoma, pulmonary blastoma, parathyroid cancer,
pineal and supratentorial primitive neuroectodermal tumors, pituitary tumor, plasma cell
neoplasm, pleuropulmonary blastoma, retinoblastoma, serous carcinoma, small intestine
cancer, soft tissue carcinomas, somatostatin-secreting tumor, supratentorial primitive
neuroectodermal tumors, uveal melanoma, verrucous carcinoma, Vipoma,

Waldenstrom's macroglobulinemia, well differentiated carcinoma, and Wilm's tumor.
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In a further preferred embodiment (7), both with regard to the first and second aspect of

the invention, the compounds of formula (1) are selected from the group consisting of

(a) 4-[(3-chloro-4-fluorophenyl)amino]-6-{[4-(N,N-dimethylamino)-1-oxo-2-buten-1-

yl]Jamino}-7-cyclobutyloxy-quinazoline,

(b) 4-[(3-chloro-4-fluorophenyljamino}-6-{{4-(N,N-dimethylamino)-1-oxo-2-buten-1-

yl]Jamino}-7-cyclopentyloxy-quinazoline,

(¢) 4-[(3-chloro-4-fluorophenyl)amino]-6-{[4-(N,N-dimethylamino)-1-oxo-2-buten-1-
ylJamino}-7-((R)-tetrahydrofuran-3-yloxy)-quinazoline,

(d) 4-[(3-chioro-4-fluorophenyl)amino |-6-{[4-(N,N-dimethylamino)-1-oxo-2-buten-1-
ylJamino }-7-((S)-tetrahydrofuran-3-yloxy)-quinazoline (BIBW2992),

(e) 4-[(3-chloro-4-fluorophenyl)amino]-6-{[4-(N,N-dimethylamino)-1-oxo-2-buten-1-
ylJamino}-7-(tetrahydropyran-4-yloxy)-quinazoline,

() 4-[(3-chloro-4-fluorophenyl)amino]-6-{[4-(N,N-dimethylamino)-1-oxo-2-buten-1-
yl]amino }-7-[(tetrahydrofuran-2-yl)methoxy]-quinazoline,

(g) 4-[(3-chloro-4-fluorophenyl)amino]-6-{[4-(N,N-dimethylamino)-1-oxo-2-buten-1-

yllamino}-7-[(tetrahydrofuran-3-yl)ymethoxy]-quinazoline,

(h) 4-[(R)-(1-phenyl-ethyl)amino]-6-{[4-(N,N-dimethylamino)-1-0xo0-2-buten-1-

yl]amino }-7-cyclopropylmethoxy-quinazolne,

(i) 4-[(3-chloro-4-fluorophenyl)amino]-6-{[4-(morpholin-4-yl)-1-ox0-2-buten-1-
yl]amino}-7-[(tetrahydrofuran-2-ylymethoxyl]-quinazoline,

() 4-[(3-chloro-4-fluorophenyl)amino]-6-{[4-(N,N-dimethylamino)-1-oxo0-2-buten-1-
yl]amino}-7-[(S)-(tetrahydrofuran-2-yl)ymethoxy]-quinazolne,
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(k) 4-[(3-chloro-4-fluoro-phenyl)amino}-6-{[4-(homomorpholin-4-yl}-1-o0x0-2-buten-
1-yl]Jamino}-7-[(S)-(tetrahydrofuran-3-yl)oxy]-quinazoline, and

(r) 4-[(3-chloro-4-fluoro-phenyl)amino]-6-{[4-(dimethylamino)-1-o0xo0-2-buten-1-

yljamino}-7-cyclopropylmethoxy-quinazoline,

and the cancer indication to be treated by administration of a compound of formula (I) 1s

selected from the group consisting of

¢ Head and neck tumours: SCC, AC, transitional cell cancers, mucoepidermoid
cancers, undifferentiated carcinomas;

e (entral nervous system tumours: Astrocytoma, glioblastoma, meningeoma,
neurinoma, schwannoma, ependymoma, hypophysoma, oligodendroglioma,

medulloblastoma;

e Bronchial and mediastinal tumours:
o Bronchial tumours:
=  Non-small cell lung cancers (NSCLC): SCC, spindle cell carcinoma, AC,
bronchioalveolar carcinoma, large cell NSCLC, clear cell NSCLC,;

o Thyroid carcinomas: papillary, follicular, anaplastic, medullary;

e Tumours of the gastrointestinal tract:
o QOesophageal cancers: SCC, AC, anaplastic;
o QGastric cancers: AC, adenosquamous, anaplastic;
o Colorectal cancers: AC, including hereditary forms of AC, carcinoid,
sarcoma;
o Pancreatic cancers: AC, including ductal and acinary cancers, papillary,

adenosquamous, undifferentiated, tumours of the endocrine pancreas,

o Hepatocellular cancers, cholangiocarcinoma

* (Gynaecological cancers:
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o Breast cancers: AC, including invasive ductal, lobular and medullary
cancers, tubular, mucinous cancers, Paget-carcinoma, inflammatory
carcinoma, ductal and lobular carcinoma 1 situ;

o Ovarian cancers: Epithelial tumours, stroma tumours, germ cell tumours,
undifferentiated tumours;

e Urinary tract and testicular cancers:

o Prostate cancers: AC, small cell, SCC;

o Renal cell cancers: AC, including clear cell, papillary and chromophobous
carcinomas, hereditary forms (e.g. von-Hippel-Lindau syndrome), Wilm’s
tumor, nephroblastoma;

o Urinary bladder cancers: transitional cell (urothehal) cancers, SCC, AC.

Examples of sarcomas within the scope of the invention include but are not limited to
Ewing-sarcoma, osteosarcoma or osteogenic sarcoma, chondrosarcoma, synovial
sarcoma, leltomyosarcoma, rhabdomyosarcoma, mesothelial sarcoma or mesothelioma,
fibrosarcoma, angiosarcoma or hemangioendothelioma, liposarcoma, glioma or
astrocytoma, myxosarcoma, malignant fibrous histiocytoma, mesenchymous or mixed

mesodermal tumour, neurobiastoma and clear cell sarcoma.

In a very preferred embodiment (8), both with regard to the first and second aspect of

the mvention, the compounds of formula (I) are selected from the group consisting of

(d) 4-[(3-chloro-4-fluorophenyl)amino]-6-{[4-(N,N-dimethylamino)-1-oxo0-2-buten-1-
yl]Jamino}-7-((S)-tetrahydrofuran-3-yloxy)-quinazoline (BIBW2992),

(k) 4-[(3-chloro-4-fluoro-phenyl)amino]-6-{[4-(homomorpholin-4-yl)-1-oxo0-2-buten-
1-yllamino}-7-[(S)-(tetrahydrofuran-3-yl)oxy]-quinazoline,

the dimaleate salt of compound (d) being especially preferred:
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(d") 4-[(3-chloro-4-fluorophenyl)amino]-6-{[4-(N,N-dimethylamino)-1-oxo0-2-buten-1-
ylJamino}-7-((S)-tetrahydrofuran-3-yloxy)-quinazoline  dimaleate (BIBW2992
MA;),

and the cancer indication to be treated by administration of a compound of formula (I) 1s

selected from the group consisting of

o Head and neck tumours: SCC, AC, transitional cell cancers,
mucoepidermoid cancers, undifferentiated carcinomas;

o Colorectal cancers, metastatic or non-metastatic: AC, including hereditary
forms of AC, carcinoid, sarcoma,;

o Pancreatic cancers: AC, including ductal and acinary cancers, papillary,
adenosquamous, undifferentiated, tumours of the endocrine pancreas;

o Breast cancers, metastatic or non-metastatic: AC, including invasive ductal,
lobular and medullary cancers, tubular, mucinous cancers, Paget-carcinoma,
inflammatory carcinoma, ductal and lobular carcinoma 1n situ;

o Prostate cancers: AC, small cell, SCC;

o Qastric cancers: AC, adenosquamous, anaplastic;

o Ovanan cancer;

o Non-small cell lung cancers (NSCLC): SCC, spindle cell carcinoma, AC,
bronchioalveolar carcinoma, large cell NSCLC, clear cell NSCL.C.

It is known that cancer patients carrying activating EGFR mutations in their tumors, 1. €.
within the tyrosine kinase domain of the EGF receptor, may show increased sensitivity
to treatment with EGFR inhibitors. Analogously, cancer patients carrying activating
HER2 mutations, e.g. M774 A775insAYVM, 1n their tumors may show increased
sensitivity to treatment with HER2 inhibitors. Both groups of patients as well as a
subgroup carrying both activating EGFR and HER2 mutations may show increased
sensitivity to treatment with dual inhibitors of erbbl receptor (EGFR) and erbB2

(Her2/neu).
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The presence of specific gain-of-function mutations within the tyrosine kinase domain
of the EGF receptor in a subgroup of NSCLC patients has been associated with
increased sensitivity to treatment with gefitinib and erlotimb (Lynch, New England
Journal Medicine 350, 2129 (2004); Paez, Science 304, 1497 (2004); Pao, Proceedings
of the National Academy of Science of the United States 101, 13306 (2004)). In
particular, the L8S8R point mutation (exon 21) as well as deletion/insertion mutations in
the ELREA sequence (exon 19) account for the majority of gefitinib responders. A
secondary point mutation in exon 20, T790M, is associated with acquired resistance to
gefitinib or erlotinib, This mutation 1s analogous to the T315I mutation identified in

CML patients who relapse under imatinib treatment (imatinib resistant patients).

Irreversible inhibitors (e.g., HKI-272 or CL 387,785), 1n contrast to reversible inhibitors
(e.g., gefitinib), are able to nhibit proliferation and EGF-induced EGFR
phosphorylation m cell lines expressing double mutant EGEF receptors (Kwak,
Proceedings of the National Academy of Science of the United States 102, 7665 (2005)
and Kobayashi, New England Journal Medicine 352, 786 (2005)).

Any aspect of the present invention therefore includes, as a sub-aspect, optional pre-
selection of cancer patients for an EGFR mutation in the tyrosine kinase domain of the
EGF receptor as well as pre-selection of cancer patients for an HER2 mutation. The
EGFR mutations preferably relevant in in this context are selected from the group
consisting of the L858R and 1.861 point mutations in the activation loop (exon 21), in-
frame deletion/insertion mutations in the ELREA sequence (exon 19), substitutions in
G719 situated in the nucleotide binding loop (exon 18), activating mutations in the
extracellular domam of the EGF receptor such as EGFR vIll displaying exon 2-7
deletions, the T790M point mutation in exon 20, exon 20 insertions such as
D770 N771mmsNPG, and double mutants such as the combined L858R / T790M
mutation and the exon-19-del/T790M. The HER2 mutation preferably relevant in in this

context i1s the M774 AT7751mnsAY VM mutation.

Methods for detecting mutations in the tyrosine kinase domain of the EGF receptor are

kown in the art, several corresponding diagnostic tools are approved by the FDA and
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commercially available, e.g. an assay for the detection of epidermal growth factor
receptor mutations in patients with non-small cell lung cancer (Genzyme Corp.; see also
Journal of Chinical Oncology, 2006 ASCO Annual Meeting Proceedings (Post-Meeting
Edition). Vol 24, No 18S (June 20 Supplement), 2006: Abstract 10060).

Any of the embodiments of the invention mentioned hereinbefore defining compounds
of formula (I) and cancer indications applies accordingly to the optional sub-aspect of
pre-selection of cancer patients for an activating EGFR mutation in the tyrosine kinase
domain of the EGF receptor and/or pre-selection of cancer patients for an activating
HER2 mutation. Treatment of EGFR mutant cancer patients with the compounds of
formula (I) may allow a responce in cancer patients with acquired or persistent
resistance to gefitimib or erlotinib treatment. Treatment of cancer patients carrying an
activating HER2 mutant in their tumors with the compounds of formula (1) may allow a
responce in cancer patients with acquired or persistent resistance to certain

chemotherapeutics such as e. g. lapatinib or herceptin.

Most preferred cancer indications with EGFR or HER2 mutations relevant in
connection with the sub-aspect of patient pre-selection for mutations are selected from

the group consisting of

o Head and neck tumours: SCC, AC, transitional cell cancers,
mucoepidermoid cancers, undifferentiated carcinomas;

o Colorectal cancers, metastatic or non-metastatic: AC, including hereditary

forms of AC, carcinoid, sarcoma;

o Pancreatic cancers: AC, including ductal and acinary cancers, papillary,
adenosquamous, undi{ferentiated, tumours of the endocrine pancreas;

o Breast cancers, metastatic or non-metastatic: AC, including invasive ductal,
lobular and medullary cancers, tubular, mucinous cancers, Paget-carcinoma,
inflammatory carcinoma, ductal and lobular carcinoma in situ;

o Prostate cancers: AC, small cell, SCC;

o Qastric cancers: AC, adenosquamous, anaplastic;

o Ovarian cancer;
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o Non-small cell lung cancers (NSCLC): SCC, spindle cell carcinoma, AC,

bronchioalveolar carcinoma, large cell NSCLC, clear cell NSCLC,

but especially

o Non-small cell lung cancers (NSCLC): SCC, spindle cell carcinoma, AC,
bronchioalveolar carcinoma, large cell NSCLC, clear cell NSCLC,
especially metastatic, second line patients who have failed at least one prior
chemotherapy regimen or 3rd/4th line patients who have received Tarceva or

[ressa for at least 12 weeks and then failed,

preferably to be treated by administration of a compound of formula (I) selected from

the group consisting of:

(a) 4-[(3-chloro-4-fluorophenyl)amino}-6-{[4-(N,N-dimethylamino)-1-oxo-2-buten-1-

yl]Jamino }-7-cyclobutyloxy-quinazoline,

(b) 4-[(3-chloro-4-fluorophenyl}amino}-6-{[4-(N,N-dimethylamino)-1-oxo-2-buten-1-

yllamino }-7-cyclopentyloxy-quinazoline,

(¢) 4-[(3-chloro-4-fluorophenyl)amino]-6-{[4-(N,N-dimethylamino)-1-0x0-2-buten-1-
ylJamino}-7-((R)-tetrahydrofuran-3-yloxy)-quinazoline,

(d) 4-[(3-chloro-4-fluorophenyl)amino}-6-{[4-(N,N-dimethylamino)-1-oxo-2-buten-1-
yllamino }-7-((S)-tetrahydrofuran-3-yloxy)-quinazoline (BIBW2992),

(e) 4-[(3-chloro-4-fluorophenyl)amino]-6-{[4-(N,N-dimethylamino)-1-o0xo-2-buten-1-
yl]lamino}-7-(tetrahydropyran-4-yloxy)-quinazoline,

(f) 4-[(3-chloro-4-fluorophenyl)amino]-6-{[4-(N,N-dimethylamino)-1-0xo0-2-buten-1-

yljamino} -7-[(tetrahydrofuran-2-yl)methoxy]-quinazoline,
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) 4-[(3-chloro-4-fluorophenyl)amino]-6-{[4-(N,N-dimethylamino)-1-oxo-2-buten-1-
(g P
yl]lamino}-7-[(tetrahydrofuran-3-yl)methoxyj-quinazoline,

(h) 4-[(R)-(1-phenyl-ethyl)amino]-6-{[4-(N,N-dimethylamino)-1-o0xo-2-buten-1-

ylJamino}-7-cyclopropylmethoxy-quinazoline,

(1) 4-[(3-chloro-4-fluorophenyl)amino]-6-{[4-(morpholin-4-yl)-1-0x0-2-buten-1-
yllamino}-7-[(tetrahydrofuran-2-ylymethoxy]-quinazoline,

(i) 4-[(3-chloro-4-fluorophenyl)amino]-6-{[4-(N,N-dimethylamino)-1-0x0-2-buten-1-
ylJamino}-7-[(S)-(tetrahydrofuran-2-yl)methoxy]-quinazoline,

(k) 4-[(3-chloro-4-fluoro-phenyl)amino}-6-{[4-(homomorpholin-4-yl)-1-oxo0-2-buten-
1-ylJamino }-7-[(S)-(tetrahydrofuran-3-yl)oxy]-quinazoline, and

(r) 4-[(3-chloro-4-fluoro-phenyl)amino}-6-{[4-(dimethylamino)-1i-oxo-2-buten-1-

ylJamino}-7-cyclopropylmethoxy-quinazoline,

or a pharmceutically acceptable salt thereof.

The first aspect of the present invention therefore includes, as a sub-aspect (A), a
method of treating cancer comprising pre-selection of cancer patients for EGFR and/or
HER2 mutations and administering a therapeutically effective amount of a compound of
formula (I) to a pre-selected cancer patient shown to carry an EGFR mutation 1n the
tyrosine kinase domain of the EGF receptor and/or with a tumor harboring an activating

HER2 mutation, optionally in combination with radiotherapy, radio-immunotherapy

and/or tumour resection by surgery.
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