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Aryiquinazolines

The invention relates to compounds of the formule (1)

R
R'
N /) , & ¥ zﬁ \
AN
, "
in which
X is CH, CF, SorN,
Y is CH, SorN,
Z is CorN,
e forms, if Z = C, a double bond together with the single bond,
is absent if Z= N,
n is 1 or 2, where
ifn=1,X=8§,
and if n = 2, both X = CH o1 the X linked to the pyrimidine ring is CF
and the X not linked to the pyrimidine ring is CH, or one X is CH and
the other X is N;
m is 1 or 2, where
fm=1Y=8§,
andif m=2, bothY = CH, crone Y is CH and the other Y is N;
R', R?, R® R* independently of one ancther, are H, Hal, CN, OH, CONH;, CONH(LA)
or LA;
RS is H, Hal, CN or C=CH;
Cyc is phenyl, which may be unsubstituted or mono- or disubstituted, inde-
pendently of one another, by R®, or is Het;
Het! is @ mono- or bicyclic, 5-10-mem bered heterocycle, having 1-3 N, O and/or

S atoms, or 1-4 N atoms, which may be unsubstituted or mono-, di- or tri-

substituted, independently of one another, by R®, or may be monosubsti-
tuted by Het?;
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R® is Hal, LA, oxo, CN, or NHa;

LA is unbranched or branched alkyl having 1-5 C atoms. which may be satu-
rated or partially unsaturated, in which 1-3 H atoms may be replaced by
Hal, and/or one H atom may be -eplaced by CN or Het?, and/or one or two
CH; groups may be replaced by O, NH, NH>, N(CHs) or CO;

Het? is a 3-5-membered aliphatic homo- or heterocycle having 0, 1, 2or 3N, O
and/or S atoms, which is unsubstituted;

Hal isF Cl, Brorl;

and/or physiologicaily acceptable salts, tautomers and/or stereoisomers thereof, including
mixtures thereof in all ratios.

The compounds of the formula (I} can be used for the inhibition of serine/threonine protein
kinases and for the sensitisation of cancer cells tc anticancer agents and/or ionising radia-
tion. The invention also relates to the use of the compounds of the formula (1) in the prophy-
laxis, therapy or progress control of cancer, tumours or metastases, in combination with
radiotherapy and/or an anticancer agent. The invention furthermore relates to a process for
the preparation of the compounds of the formula (1} by reaction of compounds of the formu-
lae (1V) and (V) and oplionally conversion of a base or acid of the compounds of the formula
(1) into a salt thereof,

DNA-dependent protein kinase (DNA-PK) is a serne/threonine protein kinase which is acti-
vated in conjunction with DNA. Biochemical and genetic data show that DNA-PK consisis (a)
of a catalytic sub-unit, which is called DNA-PKcs, and (b) two regulatory components (Ku70
and Ku80). in functional terms, DNA-PK is a crucial constituent on the one hand of the repair
of DNA double-strand breaks (DSBs) and on the other hand of somatic or V(D)J recombina-
tion. In addition, DNA-PK and its components are connected with a multiplicity of further
physiological processes, including modulation of t1e: chromatin structure and telomeric main-
tenance (Smith & Jackson (1999) Genes and Dev 13: 916; Goytisolo et al. (2001) Mol. Cell.
Biol. 21: 3642; Williams et al. (2009) Cancer Res. 63: 2100).

Human genetic material in the form of DNA is constantly subjected to attack by reactive oxy-
gen species (ROSs), which are formed principally as by-products of oxidative metabolism.
ROSs are capable of causing DNA damage in the form of single-strand breaks. Double-
strand breaks can arise if prior single-strand breaks occur in close proximity. In addition,
single- and double-strand breaks may be caused :f ithe DNA replication fork encounters
damaged base patterns. Furthermore, exogencus irfluences, such as ionising radiation (for
example gamma or particle radiation), and certain anticancer medicaments (for example
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bleomycin) are capable of causing DNA double-strand breaks. DSBs may furthermore occur
as intermediates of somatic recombination, a process which is important for the formation of
a functional immune system of all vertebrates. If DNA double-strand breaks are not repaired
or are repaired incorrectly, mutations and/or chrornosome aberrations may occur, which may
consequently result in cell death. in order to counter the severe dangers resulting from DNA
double-strand breaks, eukaryotic cells have developed a number of mechanisms to repair
them. Higher eukaryotes use predominantly so-czlled non-homologous end-joining, in which
the DNA-dependent protein kinase adopts the key role. Biochemical investigations have
shown that DNA-PK is activated most effectively by the occurrence of DNA-DSBs. Cell lines
whose DNA-PK components have mutated and are non-functional prove to be radiation-
sensitive (Smith and Jackson, 1999).

Owing to its catalytic domain, which is in the C-terminal catalytic sub-unit (DNA-PKcs), which
numbers about 500 amino acids, DNA-PK belongs to the family of phosphatidylinositol-3-
kinase-related kinases (PIKKs), where DNA-PK is not a lipid kinase (Hartley et al. (1985) Cell
82: 849; Smith & Jackson (1999) Genes and Dev 13: 916; Lempidinen & Halazonetis (2009)
EMBO J. 28: 3067).

It has been described by lzzard et al. (1999) Cancer Res. 59: 2581, that the PI3 kinase inhib-
itor LY294002 inhibits the function of DNA-PK in in-vitro experiments. The {Cg value (con-
centration at which 50% of the enzyme activity is inhibited) is at a relatively ineffective 1.25
uM (5.0 mM ATP). Although the evidence that the inhibitor LY294002 allows mammal cells to
became more radiation-sensitive, i.e. the cytotoxicity of ionising radiation is increased, in
principle implies use in the irradiation therapy of, for example, solid cancer tumours, only a
weak increase in sensitivity to ionising irradiation has been demonstrated for LY294002 in
cellular terms (Rosenzweig et al. (1999) Clin. Cancer Res. 3: 1149). KuDOS Pharmaceuti-
cals Ltd. have optimised the lead structure 1.Y294902 and presented various DNA-PK inhibi-
tors. The introduction of a dibenzothiopheny! grouo ied to the inhibitor NU-7441, an ATP-
competitive compound having an 1Cse value of 20.0 nM (Hardcastle et al. (2005) J. Med.
Chem. 48: 7829). KU-0060648 combines inhibitory properties with respect to DNA-PK with
an improved solubility profile in aqueous medium, but the kinases of the PI3K iscenzyme
family are likewise potently inhibited by KU-0060648. The long-existing need for a potent and
selective DNA-PK inhibitor has consequently not heen satisfied to date.

The invention is based on the object of overcoming the disadvantages indicated in the prior
art and of developing effective inhibitors of DNA-FK which are selective with respect to the

related kinases of the PIKK family and are of low molecular size and, in particular, enable
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effective application in cancer therapy as radio- and chemosensitisers — with the aim of im-
proving the therapeutic efficacy with a simultaneo.s reduction in side effects.

The object of the invention is achieved in accordance with the independent claims. The sub-
claims contain preferred embodiments. in accordance with the invention, compounds of the
formula (1) are provided.

Surprisingly, it has been found that the compounds according to the invention are provided
with inhibiting properties for serine/threonine proteir kinases. The compounds of the formula
(I) are designed in such a way that potent and selactive inhibition of DNA-PK occurs. The
compounds according to the invention thus open up entirely new possibilities with respect to
the anticarcinogenic action of anticancer agents. The compounds of the formula (1) play a
therapeutic role here as radio- and chemosensitisers through specific inhibition oft he repair
of DNA double-strand breaks (non-homologous end-joining) in the treatment of cancer.

To date, it is known from WO 1992/07844 that 2 4-ciaminoquinazoline derivatives are
enhancers of chemotherapeutic agents in the treztment of cancer. The derivatives address
the multiple resistance of tumour cells as a consequence of overexpression of the mdr1
gene, whose gene product of an efflux P glycoprotein pump keeps the intraceliular active-
compound concentration low. Neither are physicoshemical or pharmacological data dis-
closed, nor is a marketed medicament is known. Other quinazoline derivatives as DNA-PK
inhibitors are disclosed in WO 2011/113512.

The present invention provides a new generation af DNA-PK inhibitors which are not only
capable of specific inhibition, which arises, in part:cular, in the case of cellular assays. In
addition, they are also distinguished by the absen:ze of the frequently observed, undesired
inhibition of cardiac ion channels, in particular of kv1.11 hERG, the blockade of which may
result in life-threatening arrhythmia.

The compounds according to the invention and szlts thereof consequently have valuable
pharmacological properties while at the same time: being well tolerated.

i-or the purposes of the invention, the compounrds of the formula (I) are defined in such a
way that they are alsc taken to mean pharmaceut:cally usable derivatives, salts, solvates,
solvates of salts, precursors of the compounds, tautomers and optically active forms (such
as, for example, stereoisomers, diastereomers, eriantiomers, racemates). Solvates of the

compounds are taken to mean adductions of inert solvent molecules onto the compounds,
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which form owing to their mutual attractive forca. Solvates are, for example, mono- or di-
hydrates or alcoholates. Pharmaceutically usable derivatives are taken to mean, for example,
the salts of the compounds according to the invention and so-called precursors of the com-
pounds. Precursors are taken to mean, for example, compounds of the formula (1) modified
by means of alky! or acyl groups, sugars or olicopeptides, which are rapidly cleaved in the
organism to give the effective compounds according to the invention. These also include
biodegradable polymer derivatives of the compounds according to the invention, as
described, for example, in Int. J. Pharm. 115, 61-67 (1995). Any compound which can be
converted in vivo into a bioactive agent, i.e. compaunds of the formula (1), is a precursor in
the sense of this invention. Any biologically active compound which resuits from the in-vivo
metabolisation of a compound according to the invention is a metabolite in the sense of the
present invention. The compounds of the formula (1) can have one or more chiral centres and
therefore occur in various stereoisomeric forms. The formuia (I) encompasses all these
forms.

The invention also relates to the use of mixtures cf the compounds of the formuia (1), for
example mixtures of two diastereomers, for exam e in the ratio 1:1, 1:2, 1:3, 1.4, 1:5, 1:1Q,
1:100 or 1:1000. Particuiar preference is given he e to mixtures of stereoisomeric com-

pounds.

Above and below, the radicals X, Y, R*, R?, R* R4 R® R®, LA, Cyc, Het’, Het? and Hal as
well as m and n have the meanings indicated for the formula (1). unless expressly indicated
otherwise. If individual radicals occur a number of times within a compound or radical, the
radicals adopt, independently of one another, the meanings indicated, unless expressly indi-
cated otherwise. The terms used here for the definition of the compounds are generally
based on the rules of the IUPAC organisation for chemical compounds and in particular
organic compounds. The terms for explanation of the above-mentioned compounds of the
invention always have the following meanings, un‘ess indicated otherwise in the description
or claims.

"LA" in the sense of the invention denotes a saturated or partially unsaturated hydrocarbon
radical which is unbranched (linear) or branched nd has 1, 2, 3, 4 or 5 C atoms. Examples
of LA are methyl, ethyl, propyi, isopropyl, 1,1-, 1,2- or 2 2-dimethyipropyi, 1-ethylpropyl, butyl,
isobutyl, sec-butyl, tert-butyl. However, the hydrocarbon radical may also be substituted in
such a way that 1-3 H atoms may be replaced by Hal, and/or one H atom may be replaced
by CN or Het?, and/or one or two CH: groups may be replaced by O, NH, N(CH5) or CO.
Examples thereof are methoxy, methylsulfanyl, ethoxy, cyanomethoxy, 2-propionitriloxy,
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oxetan-3-yloxy, N-methylaminocarbonyl, carboxarnido, 2-methoxyethoxy, 2.2,2-trifluoro-
ethoxy, or 2-hydroxyethoxy.

"Het® in the sense of the invention denotes a mono- or bicyclic aliphatic or aromatic hydro-

5  carbon heterocycle having 3,4, 5.6,7,8,90r 10 C atoms and 0, 1. 20or 3N, O and/or §
atoms, which may be substituted. Examples of suitable "Cyc" are phenyl, pyridine, pyrazine,
pyridazine, pyrazolo[1,5-a]pyrimidinyl, or imidazo[1,2-b]pyridazinyl.

"Het?" in the sense of the invention denotes a 3-5 membered aliphatic homo- or heterocycle
10 having 0, 1, 2 or 3N, O or S atoms. Examples of Het? are oxetane, pyrrolidine or cyclopropyl.

In a preferred embodiment of the present invention, arylguinazoline derivatives of the formula

(la) are provided

R3 Cyc
4
g
R
)

‘*%(
[
NN TN
1 A S
N —

R
5/l\

R
(1a)
15 in which
XY, independently of one ancther, are CH, S or N,
Z is CorN,
- forms, if Z = C, a double bond together with the single bond,
is absentif Z=N,
20 n is 1 or 2, where
fn=1,X=8,
and if n = 2, both X = CH, or the X linked to the pyrimidine ring is CH
and the X not linked to the pyrimidine ring is N;
m is 1 or 2, where
25 fm=1,Y=8,

andifm=2 bothY =CH, crone Y is CH and the other Y is N;
R', R%, R® R* independently of one another, are H, Hal, CN, OH, CONH; or LA,
R® is H, Hal, CN or C=CH;
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Cyc is phenyl, which may be unsubstituted or mono- or disubstituted, independ-
ently of one another, by R®, or Hat';

Het' is a mono- or bicyclic, 5-10-membared heterocycle, having 1-3 N, O and/or
S atoms, which may be unsubshtuted or mono- or disubstituted, inde-
pendently of one another, by R®;

R® is Hal, LA, oxo, CN, NH; or Het?

LA is unbranched or branched alkyl having 1-5 C atoms, which may be satu-
rated or partially unsaturated, in which 1-3 H atoms may be replaced by
Hal, and/or one H atom may be replaced by CN or Het?, and/or one or two
CH; groups may be replaced by O, NH, NH,, N(CHj3) or CO;

Het? is a 3-5-membered aliphatic honio- or heterocycle having 0, 1,2 0r 3N, O
and/or S atoms, which is unsubsitituted;

Hal isF, Cl, Brorl;

Furthermore preferred aryiquinazoline derivatives conform to the formula (Ib)

(Ib)

in which all substituents have the meaning indicatzd for the formulae (1) or (1a),
and/or physiologically acceptable salts, tautomers and/or sterecisomers thereof,
including mixtures thereof in all ratios.

In a furthermore preferred embodiment of the present invention, arylguinazoline derivatives
of the formula (1) are provided
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in which

R? is Hal, CN, OH, CONH,, CONH(LA) or LA,

R® R% independently of one another, are H, Hal, LA, oxo, CN, NH, or Het?,

Q',Q?% independently of one another, are CH, N ¢r NH and are in each case unsubstituted;
-—-  denotes the presence or absence of doublz oonds in Cyc;

and the other substituents have the meaning indicated for the formuia (1),

and/or physiologically acceptable salts, tautomers and/or stereoisomers thereof,

including mixtures thereof in all ratios.

it has namely been found that the activity of the compounds according fo the invention is
particularly high if R® has the configuration depicted in the formula (1) and Q carries no sub-
stifuent.

in a furthermore preferred embodiment of the present invention, arylquinazoline derivatives
of the formuia (lll) are provided
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in which

R® is Hal, CN, OH, CONH,, CONH(LA) or LA;

RS is Hal, LA, oxo, CN, NH; or Het%;

R®  is H, Hal, LA, oxo, CN, NH; or Het?;

- denotes the presence or absence of doublz ponds in Cyc;

and the other substituents have the meaning indicaied for the formuia (1),

and/or physiologically acceptable salts, tautomers and/or stereocisomers thereof,

including mixtures thereof in all ratios.

it has namely been found that the activity of the compounds according to the invention is
particularly high if R® has the configuration depicte:d in the formula (11l) and Cyc is substituted

in the ortho-position by R°.

Very particular preference is given to the sub-formulae (l1a), (IIb). (llla) and (ilib) of the for-
mulae (1) and {Ill):

{ila),

in which
R?, R?, independently of one another, are Hal, CN, OH, CONH, CON(LA) or LA;
R® R% independently of one another, are H, Hal, i.A, oxo, CN, NH; or Het?;
Q',Q?, independently of one another, are CH, N er NH and are in each case unsubstituted;
X1 is CH, CF or N;
X2 is CH or N,

where X', X2 are not simultaneously N;
Y is CHorN;
- denotes the presence or absence of doublz bonds in Cyc;
and the other substituents have the meaning indicated for the formula (1),
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and/or physiologically acceptable salts, tautomers and/or sterecisomers thereof,
including mixtures thereof in ali ratios;

R
R’ Q=
RS, ] (o)
e
v \(
()
P
-
R?

(Ib)
in which
5 R? R3 independently of one another, are Hal, CN, OH, CONHz, CON(LA) or LA,
RY R® independently of one another, are H, Hal, I_A, oxo, CN, NH: or Het?;
Q*,Q% independently of one another, are CH, N or NH and are in each case unsubstituted;
Y is CHorN,

- denotes the presence or absence of doubl2 bonds in Cyc;
10 and all other substituents have the meaning indicated for the formula (1),

and/or physioclogically acceptable salts, tautomers and/or stereocisomers thereof,
including mixtures thereof in all ratios;

3 \\}/;7 =5
R \/J\‘S/EJ

(itia},

in which
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R3 is Hal, CN, OH, CONHz, CON(LA) or LA;
R® is Hal, LA, oxo, CN, NH; or Het?;
is H, Hal, LA, oxo, CN, NH; or Het?;
X is CH, CF or N;
X2 is CH or N,
where X!, X% are not simultaneously N;
Y is CHorN;
- denotes the presence or absence of doublz oonds in Cyc;
and the other substituents have the meaning irdicated for the formula (1),
and/or physiologically acceptable salts, tautomers and/or stereoisomers thereof,
including mixtures thereof in all ratios;

(1Hb)
in which
R® is Hal, CN, OH, CONH,, CON(LA) or LA,
R® is Hal, LA, oxo, CN, NH; or Het?;
R® is H, Hal, LA, oxo, CN, NH; or Het?;
Y is CHor N,
---- denotes the presence or absence of doublz bonds in Cyc:
and all other substituents have the meaning indicated for the formula (1),
and/or physiologically acceptable salts, tautomers and/or stereoisomers thereof,

including mixtures thereof in all ratios.

Furthermore preferred sub-groups of compounds of the formula (lla) can be expressed by
the following sub-formulae (lla-A) to (lia-0O), which conform to the formula (l1a), but in which

in the case of the sub-formula (lla-A)
X is CH,
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R’ is F or Cl,
R? is ForCl,

in the case of the sub-formula (lla-B)
R! is F,
R? is F or Cl,

in the case of the sub-formuia (ila-C)
X', X* is CH,

in the case of the sub-formula (ila-D)
X! is CH,
R® is H,

in the case of the sub-formula (lia-E)
R® is H, OH,

in the case of the sub-formula (lla-F)
X! is CH,
R® is OH,

in the case of the sub-formula (l1a-G)
X! is CH,
Y is CH,

in the case of the sub-formula (lia-H)
X! is CH,

Cyc is pyridine, pyrazine or pyridazine, or pyrarolo[1,5-a]pyrimidinyl or

imidazo[1,2-b)pyridazinyl,

in the case of the sub-formula (lla-J)

PCT/EP2014/001236

Cyc  is pyridine, pyrazine, pyridazine, pyrazo'ofi,5-a]pyrimidinyl, imidazo{1,2-b]pyridazinyl,
furo[2,3-clpyridinyl, furo[2,3-d}pyridazinyl, thieno[2,3-d}pyridazinyl, thieno[2,3-d}-
pyrimidiny! or imidazo{4,5-c]pyridinyl. each of which may be unsubstituted, or may be

mono- or disubstituted by methoxy, methyi, oxo, Cl or CHF,0,

in the case of the sub-formula (lla-K)
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X1, X2

is F or Cl,
is F or Cl,
is OH,

is H.

is CH,

in the case of the sub-formula (lla-L)

R1
R?.

R3
R5

is F,

is F or Cl,
is H or OH,
is H,

in the case of the sub-formula (lla-M)

R1

R2

RS

RS

X1, X2
Cyc

is F or Cl,

is F or Ci,

is OH,

is H,

is CH,

is pyridine, pyrazine or pyridazine, or pyra::olo[1,5-ajpyrimidinyl or imidazo-
[1,2-blpyridazinyi,

in the case of the sub-formula (fla-N)

R?
Rz
R3
R3

Cyc

is F,

is F or Cl,

is H or OH,

is H,

is pyridine, pyrazine, pyridazine, pyrazolo[1,5-a]pyrimidinyl, imidazo[1,2-b]pyridazinyl,
furof2,3-clpyridiny!, furo[2,3-d}pyridazinyl, thieno[2,3-d}pyridazinyl, thieno[2,3-d}-
pyrimidinyl or imidazo[4,5-c]pyridinyl, each of which may be unsubstituted, or may be
mono- or disubstituted by methoxy, methyt. oxo, Cl or CHF20,

in the case of the sub-formula (lla-O)

R1

is F,

is F or Ci,
is H or OH,
is H,
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Cyc is 5-methoxypyridazin-3-yl, imidazo[1,2-blpyridazin-6-yl, 3-chloro-6-methoxypyrazin-

2-yl, 3-chloropyrazin-2-yl, pyridazin-4-yl, 3-methoxypyrazin-2-yl, 6-methoxypyridazin-

3-yl, 3-difluoromethoxypyridin-2-yl, 3-methylpyrazin-2-yl, thieno[2,3-d}pyrimidin-4-y|,

1-methyl-1H-pyridin-2-one-6-yl, 1H-pyridazin-6-one-3-yl, furo[2,3-d}pyridazin-7-yl,

thieno[2,3-d}pyridazin-7-yl, 3,5-dimethylpy-azin-2-yl, furof2,3-d}pyrimidin-4-yi, 3-

methyi-3H-imidazo[4,5-c)pyridin-4-yi,

and/or physiologically acceptable salts, tautomers and/or sterecisomers thereof,

including mixtures thereof in all ratios.

Furthermore preferred sub-groups of compounds of the formula (Il1a) can be expressed by

the following sub-formulae (llla-B) to (llla-O), which conform to the formula (llla), but in which

in the case of the sub-formuia (il1a-8)
R! is F,

in the case of the sub-formula (lila-C)
X1, X? is CH,

in the case of the sub-formula (I1ta-D)
X! is CH,
RS is H,

in the case of the sub-formula lila- (E)
R® is H, OH,

in the case of the sub-formula (llia-F)
X1 is CH,
R3 is OH,

in the case of the sub-formuia (llla-G)
X is CH,
Y is CH,

in the case of the sub-formula (Itla-H)
X’ is CH,
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Cyc s pyridine, pyrazine or pyridazine, or pyrazolo[1,5-a]pyrimidiny! or imidazo[1,2-b]-
pyridazinyl,

in the case of the sub-formula (llia-J)

Cyc s pyridine, pyrazine, pyridazine, pyrazolof |,5-ajpyrimidinyl, imidazo{1,2-b]pyridazinyl,
furo[2,3-clpyridinyl, furo[2,3-d}pyridazinyl, ihieno[2,3-d}pyridazinyl, thieno[2,3-d}-
pyrimidiny! or imidazo[4,5-clpyridinyl, each of which may be unsubstituted, or may be
mono- or disubstituted by methoxy, methyi, oxo, Cl or CHF20,

in the case of the sub-formuia (illa-K)

R’ is F or Cl,
R? is OH,

R® is H,

X' X? is CH,

in the case of the sub-formuia (lila-L)

R! isF,
RS is H or OH,
R is H,

in the case of the sub-formula (llla-M)

R’ is F or Cl,

R® is OH,

R® is H,

X' X2 is CH,

Cyc is pyridine, pyrazine or pyridazine, or pyrazolo[1,5-a]pyrimidinyl or imidazo[1,2-b}-
pyridazinyl,

in the case of the sub-formula (llta-N)

R is F,
R® is H or OH,
R® is H,

Cyc is pyridine, pyrazine, pyridazine, pyrazolo[!,5-alpyrimidinyl, imidazo[1,2-b]pyridazinyl.
furof2,3-clpyridinyl, furo[2,3-d}pyridazinyl, “hieno[2,3-d}pyridaziny!, thieno[2,3-d}-
pyrimidinyl or imidazo[4,5-c]pyridinyl, each of which may be unsubstituted, or may be
mono- or disubstituted by methoxy, methyl, oxo, Cl or CHF0,
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in the case of the sub-formula (llia-O)

R! is F,
R® is H or OH,
R® is H,

Cyc is 5-methoxypyridazin-3-yl, imidazo[1,2-blpyridazin-8-yl, 3-chloro-8-methoxypyrazin-
2-yl, 3-chloropyrazin-2-yl, pyridazin-4-yl, 3- methoxypyrazin-2-yl, 8-methoxypyridazin-
3-yl, 3-difluoromethoxypyridin-2-yl, 3-methylpyrazin-2-yi, thieno[2,3-d}pyrimidin-4-y,
1-methyl-1H-pyridin-2-one-8-yl, 1H-pyridazir-6-one-3-yl, furo{2,3-d}pyridazin-7-yl,
thieno[2,3-d}pyridazin-7-yl, 3,5-dimethylpy-azin-2-yi, furo[2,3-d}pyrimidin-4-yl, 3-
methyl-3H-imidazo[4,5-c]pyridin-4-yl,

and/or physiologically acceptable salts, tautomers and/or stereocisomers thereof,
including mixtures thereof in all ratios.

Furthermore preferred sub-groups of compounds of the formuia (Ilb) can be expressed by
the following sub-formulae (1ib-Q) to (lib-U), whict conform to the formula (llb), but in which

in the case of the sub-formula (I1b-Q)

R is F or Cl,
R is F or Cl,
R3 is OH,

R? is H,

Y is CH,

in the case of the sub-formula (I1b-R)

R’ is F,

R? is F or Cl,
R3 is OH,

R® is H,

Y is CH,

in the case of the sub-formula (11b-S)

Cyc s pyridine, pyrazine or pyridazine,

in the case of the sub-formula (11b-T)
R is F or Cl,
R? is F or Cl,
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R?® is OH,
R® is H,

Cyc  is pyridine, pyrazine or pyridazine,

in the case of the sub-formula (lib-U)

R is F,

R? is For Cl,
R? is OH,

R® is H,

Cyc  is pyridine, pyrazine, pyridazine or 3-methyipyrazin-2-yl,

and/or physiologically acceptable salts, tautomers and/or sterecisomers thereof,
including mixtures thereof in all ratios.

Furthermore preferred sub-groups of compounds of the formula (IlIb) can be expressed by
the following sub-formulae (IlIb-Q) to (iilb-U), which conform to the formula (llib), but in which

in the case of the sub-formula (1lIb-Q)

R is F or Cl,
R® is OH,

R® is H,

Y is CH,

in the case of the sub-formuia (1lib-R)

R’ is F,
R is OH,
R® is H,
Y is CH,

in the case of the sub-formula (ilib-S)

Cyc  is pyridine, pyrazine or pyridazine,

in the case of the sub-formuta (Iltb-T)

R’ is F or Ci,
R® is OH,
RS is H,

Cyc  is pyridine, pyrazine or pyridazine,
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in the case of the sub-formuia (l1ib-U)

R is F,
R® is OH,
RS is H,

Cyc s pyridine, pyrazine, pyridazine or 3-methvipyrazin-2-yl,

and/or physiologically acceptable salts, tautomers and/or sterecisomers thereof,
including mixtures thereof in all ratios.

Very particular preference is given to those compounds of the formulae (!) and sub-formulae
thereof, and/or physiologically acceptable salts. teutomers and/or stereocisomers thereof,

including mixtures thereof in all ratios, that are compiled in Tables 1-8.

The compounds of the formuila (i) and also the starting materiais for their preparation are
prepared by methods known per se, as are descrided in the literature (for example in stan-
dard works. such as Houben-Weyi, Methoden der organischen Chemie [Methods of Organic
Chemistry], Georg-Thieme-Verlag, Stuttgart) and/or are known person skilled in the art, and
under reaction conditions which are known and stitable for the said reactions. Use can aiso
be made here of variants known per se which are not mentioned here in greater detail.
Depending on the conditions used, the reactior tirne is between a few min and 14 days, the
reaction temperature is between -70°C and 150°C., normally between -50°C and 100°C, par-
ticularly preferably between -10°C and 70°C.

The reaction is carried out in an inert solvent and jenerally in the presence of an acid-
binding agent, preferably an organic base, such a3 DIPEA, triethylamine, dimethylaniline,
pyridine, quinoline, piperidine or diethanolamine. The addition of an alkali-metal or alkaline-
earth metal hydroxide, carbonate or bicarbonats ¢r ancther salt of a weak acid of the afkali or
alkaline-earth metals, preferably of potassium, sodium, calcium or caesium, may also be
favourable. Suitable bases are metal oxides, such as, for example, aluminium oxide, alkali-
metal hydroxides (including potassium hydroxide, sedium hydroxide and lithium hydroxide),
alkaline-earth metal hydroxides (for example barium hydroxide and calcium hydroxide) and
alkali-metal alkoxides {for example potassium ethaxide and sodium propoxide).

Suitable inert solvents are, inter alia, hydrocarbons, such as cyclohexane, toluene or xylene;
chlorinated hydrocarbons, such as trichloroethylenie, 1,2-dichloroethane, carbon tetra-

chioride, chloroform or dichloromethane; alcohols such as methanol, ethanol, isopropanol,
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n-propanol, n-butanol or tert-butanol; ethers, such as diethyl ether, diisopropyl ether, methyl
tert-butyl ether, tetrahydrofuran (THF) or dicxane; giycol ethers, such as ethylene glycol
monomethy! or monoethyl ether, ethylene giycol cimethyl ether (diglyme); ketones, such as
acetone or butanone; amides, such as acetamide c¢imethylacetamide or dimethylformamide
(DMF); nitriles, such as acetonitrile; sulfoxides, such as dimethyl sulfoxide (DMSO); carbon
disulfide; carboxylic acids, such as formic acid or acetic acid; nitro compounds, such as
nitromethane or nitrobenzene; esters, such as sthyl acetate, or mixtures of the said solvents.

Particular preference is given to DMF, methanol, dichloromethane, THF, acetic acid and
acetonitrile.

The process and the subsequent work-up of the reaction mixture can basically be carried out
as a batch reaction or in a continuous reaction pracedure. The continuous reaction proce-
dure comprises, for example, reaction in a continuous stirred-kettle reactor, a stirred-kettie
cascade, a loop or cross-flow reactor, a flow tude or in a microreactor. The reaction mixtures
are optionally worked up, as needed, by filtration via solid phases, chromatography, separa-
tion between immiscible phases (for example extraction), adsorption onto solid supports,
removal of solvents and/for azeotropic mixtures by distillation, selective distillation, sublima-

tion, crystallisation, co-crystallisation or by nanofiloration on membranes.

The compounds of the formula (I} can preferab'y bie obtained by reacting compounds of the
formulae (V) and (VI). The present invention thus also relates to a process for the prepara-
tion of compounds of the formula (1), sub-formulae thereof and/or physiologically acceptable

salts, tautomers and/or sterecisomers thereof, inciuding mixtures thereof in all ratios, having
the following steps:

(@)  reaction of a compound of the formuia (V)

.G
)
T A
r® /?\gq/?/ \r(&) “Z{\\s /"}O

(v}

in which LG is a conventional leaving group, such as Hal,
with a compound of the formula (V)
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Cyc
R?’\ /
H 4\ )\ 4
vim/ R
I‘ -~ \
R?__sl /'_ \I\\
{L_A7
R |
A (V)

in which A is boronic acid or a boronic acid ester,

to give the compounds of the forrmula (1) and opticnally
(b} conversion of a base or acid of the compounds of the formula (1) into one of their salts.

The starting compounds are generally known. if they are novel, they can be prepared by
methods known per se. The compounds of the formulae (1), (12), (Ib). (II), (lla), (iib), (i),
{IHa), (b)), (IV) and {V) can be prepared by know1 methods. If desired, the starting materials
can be formed in situ, so that they are not isolatec from the reaction mixture, but instead are
immediately converted further into the compounds according to the invention. It is likewise

possible to carry out the reaction stepwise.

The said compounds according to the invention can be used in their final non-sait form. On
the other hand, the present invention also encompasses the use of these compounds in the
form of their pharmaceutically acceptable salts, which can be derived from various organic
and inorganic acids and bases by procedures known in the art. Pharmaceutically acceptable
salt forms of the compounds of the formula () ana sub-formulae thereof are for the most part
prepared by conventional methods. If the compounds contain a carboxyl group, one of its
suitable salts can be formed by reacting the compound with a suitable base to give the cor-
responding base-addition salt. Such bases are, for example, alkali-metal hydroxides (for
exampie potassium hydroxide, sodium hydroxide and lithium hydroxide), alkaline-earth metal
hydroxides (for example barium hydroxide and ca:-cium hydroxide), alkali-metal alkoxides (for
example potassium ethoxide and sodium propoxicle) and various organic bases, such as
piperidine, diethanolamine and N-methyiglutamine. A base of the formula (I} and sub-formu-
lae thereof can be converted into the associated ccid-addition salt using an acid, for example
by reaction of equivalent amounts of the base anc the acid in an inert solvent, such as, for
example, ethanol, with subsequent evaporation. Suitable acids for this reaction are, in par-
ticular, those which give physiologically acceptablz salts, such as, for example, hydrogen
halides (for example hydrogen chloride, hydrogen bromide or hydrogen iodide), other mineral
acids and corresponding salts thereof (for example sulfate, nitrate or phosphate and the like),
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alkyl- and monoarylsulfonates (for example ethanasulfonate, toluenesulfonate and benzene-
sulfonate) and other organic acids and corresponding salts thereof (for example acetate, tri-
fluoroacetate, tartrate, maleate, succinate, citrate, banzoate, salicylate, ascorbate and the
like. Salts with physiologically unacceptable acids. for example picrates, can be used for the
isolation and/or purification of the compounds of the formuia (1).

With regard to that stated above, it can be seen tt ai the expression "pharmaceutically
acceptable salt” in the present connection is taken to mean an active compound which com-
prises a compound of the formula (1) in the form of one of its salts, in particular if this salt
form imparts improved pharmacokinetic properties on the active compound compared with
the free form of the active compound. The pharmacautically acceptable salt form of the
active compound can also provide this active compaound for the first time with a desired
pharmacokinetic property and can even have a pcsitive influence on the pharmacodynamics
of this active compound with respect to its therapeuric efficacy in the body.

Compounds according to the invention may be chiral owing to their molecular structure and
may accordingly occur in various enantiomeric forms. They may therefore be in racemic or
optically active form. Since the pharmaceutical efficacy of the racemates or stereocisomers of
the compounds of the formula (I) may differ, it may be desirable to use the enantiomers. In
these cases, the end product, or even the intermediate, may be separated into enantiomeric
compounds by chemical or physical measures known to the person skilled in the art or
already employed as such in the synthesis.

it is generally known that atoms can have atomic nasses or mass numbers which can differ
from the atomic masses or mass numbers usually occurring naturally. Examples of isotopes
which are commercially avaitable and which can te incorporated intc a compound according
to the invention by known methods are isotopes of hydrogen, carbon, nitrogen, oxygen,
phosphorus, fluorine and chlorine, for example 2H 3H, 13C, *C, 5N, *3Q, 77Q, *1p, 32p 3G
8F and *ClI. The incorporation of heavier isotopes, in particular deuterium (2H) into a com-
pound according to the invention has therapeutic advantages due to the higher metabolic
stability of this isotope-labelled compound. Higher metabolic stability results directly in an
increased in vivo half life, which enables a lower ¢osage.

The definitions of the atoms H, C, N, etc., as used in the compounds according to the inven-
tion, generally also relate to the heavier isotopes of these atoms.

Particular preference is given in accordance with ihe invention to the use of D (deuterium,
2H) instead of hydrogen (H).
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It has been found that the compounds according to the invention cause specific inhibition of
serine/threonine protein kinases. The invention therefore furthermore relates to the use of
compounds of the formula (1) or sub-formulae thereof and/or physiologically acceptable salts,
tautomers and/or stereocisomers thereof, including mixtures thereof in all ratios, for the inhibi-
tion of serine/threonine protein kinases, preferably PIKK, particularly preferably DNA-PK.
Especial preference is given to the inhibition of the above-mentioned serine/threonine protein
kinases ex vivo or in vitro. The term "inhibition" relates to any reduction in the activity which
is based on the action of the specific compounds according to the invention in that the latter
are capable of interacting with the target molecule in such a way that recognition, binding
and blocking is made possible. The compounds are distinguished by high affinity to at least
one serine/threonine protein kinases, ensuring reliable binding and preferably complete
blocking of the kinase activity. The compounds are particularly preferably monospecific in
order to guarantee exclusive and direct recognition of the selected kinase. The term "recogni-
tion" relates here to any type of interaction between the compound and the said target mole-
cules, in particular covalent or non-covalent bonds, such as, for example, a covalent bond,
hydrophobic/hydrophilic interactions, van der Waazils forces, ion attraction, hydrogen bonds,
ligand/receptor interactions, base pairs of nucleotides or interactions between epitope and
antibody binding site.

The compounds according o the invention exhibit an advantageous biological activity which
can be demonstrated in the tests described herein, such as, for example, enzyme-based
assays. Measurement of the kinase activity is a technique which is well known to the person
skilled in the art. Generic test systems for the deterrnination of the kinase activity using sub-
strates, for example histone (Alessi et al. (1996) FEBS Lett. 399(3): 333) or the basic myelin
protein, are described in the literature (Campos-Gonzalez & Glenney (1892) JBC 267:
14535). Various assay systems are available for the identification of kinase inhibitors. In the
scintillation proximity assay (Sorg et al. (2002) J Biomolecular Screening 7: 11) and the flash-
plate assay, the radiocactive phosphorylation of a protein or peptide as substrate are mea-
sured using ATP. In the presence of an inhibitory ccmpound, a decreased radioactive signal,
or none at all, is detectable. Furthermore, homogencous time-resolved fluorescence reso-
nance energy transfer (HTR-FRET) and fluorescence polarisation (FP) technologies are
useful as assay methods (Sills et al. (2002) J Bioraclecular Screening 191). Other non-radio-
active ELISA methods use specific phospho-antibodies (phospho-ABs). The phospho-AB
binds only the phosphorylated substrate. This binding can be detected by chemilumines-
cence using a second peroxidase-conjugated anti-sheep antibody.
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The above-mentioned use of the compounds can take place in in-vitro or in-vivo models. The
susceptibility of a particular cell to treatment with the compounds according to the invention
can be determined by testing in vitro. Typically, a suiture of the cell is incubated with a com-
pound according to the invention at various concentrations for a period of time which is suffi-
cient to enable the active agents to induce cell death or to inhibit cell proiiferation, cell vitality
or migration, usually between about one hour and up to 9 days. For testing in vitro, cultivated
cells from a biopsy sample can be used. The amcunt of cells remaining after the treatment is
then determined. The use in vitro takes place, in particular, on samples of mammal species
which are suffering from cancer, tumours or metastases. The host or patient can belong to
any mammal species, for example a primate species, in particular humans, but also rodents
(including mice, rats and hamsters), rabbits, horse:s, cows, dogs, cats, etc. Animal models
are of interest for experimental investigations, providing a model for the treatment of a
human disease.

The testing of a plurality of specific compounds enables the selection of the active compound
which appears the most suitable for the treatment of the patient. The in-vivo dose of the
selected compound is advantageously matched to the susceptibility of the kinase and/or
severity of the disease of the patient taking into acenunt the in-vitro data, as a result of which
the therapeutic efficacy is noticeably increased. Tae dose varies depending on the specific
compound used, the specific disease, the patient status, etc. A therapeutic dose is typically
sufficient considerably to reduce the undesired cell population in the target tissue, while the
viability of the patient is maintained. The following teaching of the invention and embodi-
ments thereof relating to the use of compounds of the formula (i) for the preparation of a
medicament for the prophylaxis, therapy and/or progress control is valid and can be applied
without restrictions to the use of the compounds for the inhibition of the kinase activity, if it
appears appropriate.

The treatment is generally continued until a considerable reduction has occurred, for exam-
ple at least about 50% reduction of the cell load, end can be continued until essentially no
more undesired cells are detected in the body. In tests of this type, the compounds according
to the invention exhibit and cause an inhibiting effect, which is usually documented by 1Cso
values in a suitable range, preferably in the micromolar range and more preferably in the
nanomolar to picomolar range. The kinase is innikited, in particular, to the extent of 50% if
the concentration of the compounds is less than 1 uM, preferably equal to or less than 0.5
uM, particularly preferably less than 0.1 uM. This cncentration is cailed the {Cso value.
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The invention also relates to a medicament comprising at least one compound of the formula
(1) or sub-formulae thereof and/or physiologically acceptable salts, tautomers and/or stereo-
isomers thereof, including mixtures thereof in all ratios. The invention also relates to a phar-
maceutical composition comprising, as active conpound, an effective amount of at least one
compound of the formula (1) or sub-formulae thereof and/or physiologically acceptable salts,
tautomers and/or stereoisomers thereof, including mixtures thereof in all ratios, together with
pharmaceutically tolerated assistants.

A "medicament”, "drug" and a "pharmaceutical composition" or "pharmaceutical formulation”
here is any composition which can be employed in the prophylaxis, therapy, progress control
or aftertreatment of patients who, at least temporarily, exhibit a pathogenic modification of

the overall condition or the condition of individual narts of the patient organism, preferably as

a conseguence of cancer, tumours, or metastases.

in order to increase the protective or therapeutic zction of the compounds according to the
invention, pharmaceutically tolerated adjuvants czn be added. For the purposes of the inven-
tion, any substance which facilitates, enhances or modifies an effect with the compounds in
accordance with the invention is an "adjuvant”. Kr.own adjuvants are, for example, aluminium
compounds, such as, for example, aluminium hydroxide or aluminium phosphate, saponins,
such as, for example, QS 21, muramyi dipeptide or muramyl tripeptide, proteins, such as, for
example, gamma-interferon or TNF, MF 59, phosphatdibylcholine, squalene or polyols. The
co-application of egg albumin in complete Freund s adjuvant can likewise cause increased
cell-mediated immunity and thus support the acticn of neutralising antibodies formed. Fur-
thermore, DNA, which has an immunostimulatory property, or which encodes a protein with
an adjuvant effect, such as, for example, a cytokire; can be applied in parallel or in a con-
struct.

The introduction of the pharmaceutical compositicn into a cell or organism can be carried out
in accordance with the invention in any manner which enables the kinases to be brought into
contact with the compounds present in the composition, as a consequence of which a
response is induced. The pharmaceutical compos";tion of the present invention can be admin-
istered orally, transdermally, transmucosally, transurethrally, vaginally, rectally, pulmonarily,
enterally and/or parenterally. The type of administration selected depends on the indication,
the dose to be administered, individual-specific paerameters, etc. In particular, the various
types of administration facilitate site-specific therapy, which minimises side effects and
reduces the active-compound dose. Very particularly preferred injections are intradermal,

subcutaneous, inframuscular or intravenous injection. The administration can be carried out,
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for example, with the aid of so-called vaccination guns or by means of syringes. It is also
possible to prepare the substance as an aerosol, which is inhaled by the organism, prefera-
bly a human patient.

The administration forms of the pharmaceutica: composition are prepared corresponding to
the desired type of administration in a suitable dosage and in a manner known per se using
the conventional solid or liquid vehicles and/or diluents and the assistants usually employed.
Thus, pharmaceutically acceptable excipients known to the person skilled in the art can basi-
cally form part of the pharmaceutical composition according to the invention, where the
amount of excipient material which is combined with the active compound in order to prepare
a single dose varies depending on the individual t2 be treated and the type of administration.
These pharmaceutically tolerated additives inciuda salts, buffers, fillers, stabilisers, complex-
ing agents, antioxidants, solvents, binders, lubricants, tablet coatings, flavours, dyes, pre-
servatives, adjusters and the like. Examples of excipients of this type are water, vegetable
oils, benzyl alcohols, alkylene glycol, polyethylene glycol, Kolliphor, glycerol triacetate, gela-
tine, hydroxypropylmethyicellulose (HPMC), carbohydrates, such as, for example, lactose or
starch. magnesium stearate, talc and Vaseline.

The pharmaceutical formulation can be in the form of a tablet, film tablet, dragee, lozenge,
capsule, pill, powder, granules, syrup, juice, drops, solution, dispersion, suspension, sup-
pository, emuision, extrudate, implant, cream, gel cintment, paste, iotion, serum, ail, spray,
aerosol, adhesive, plaster or bandage. Oral administration forms which are prepared are
preferably tablets, film tablets, dragees, lozenges, capsules, pilis, powders, granules, syrups,
juices, drops, solutions, dispersions or suspensions — including as depot form. Furthermore,
parenteral medicament forms, such as. for example, suppositories, suspensions, emuisions,
implants or solutions, should be considered, preferably oily or aqueous solutions. For topical
application, the medicament active compound is farmulated in a conventional manner with at
least one pharmaceutically acceptable vehicle, such as, for example, microcrystalline cellu-
lose, and optionally further assistants, such as, fo- example, moisturisers, to give solid formu-
lations which can be applied to the skin, such as, for example, creams, gels, ointments.
pastes, powders or emulsions, or to give liquid formulations which can be applied to the skin,
such as, for example, solutions, suspensions, lotions, sera, oils, sprays or aerosols. The
pharmaceutical composition is preferably in the form of an injection solution. For the prepara-
tion of the injection solution, aqueous media, suct: as, for example, distilled water or physio-
logical salt solutions, can be used, where the latter include acidic and basic addition salts.
The pharmaceutical composition may also be in the form of a solid composition, for example
in the lyophilised state, and can then be prepared before use by addition of a dissolving
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agent, such as, for example, distilled water. The person skilled in the art is familiar with the
basic principles of the preparation of lyophilisates.

The concentration of the active compound in the farmulation can be 0.1 to 100 per cent by
weight. It is crucial that the pharmaceutical compasition comprises, as active compound, an
effective amount of the compound together with the pharmaceutically tolerated assistants.
The terms "effective amount” or "effective dose" are used interchangeably herein and denote
an amount of the pharmaceutical active compound which has a prophylactically or therapeu-
tically relevant action on a disease or pathological change in cell, tissue, organ or mammal. A
"prophylactic action" prevents the outbreak of a dise:ase or even infection with a pathogen
after ingress of individual representatives in such a way that subsequent spread thereof is
greatly reduced or they are even completely deaciivated. A "prophylactic action" also
includes an increase in norimal physiological function. Prophylaxis is advisable, in particular,
if an individual has predispositions for the onset of the above-mentioned diseases, such as,
for example, a family history, a gene defect or a recently survived disease. A "therapeutically
relevant action” frees in part or full from one, more: than one or all disease symptoms or
results in the partial or complete reversal of one, racre than one or all physiological or bio-
chemical parameters which are associated with or causally involved in the disease or patho-
logical change into the normal state. Progress control is also taken to be a type of therapeu-
tic treatment if the compounds are administered at certain time intervals, for exampie in order
completely to eliminate the symptoms of a disease. The respective dose or dose range for
the administration of the compounds according to the invention is sufficiently large to achieve
the desired prophylactic or therapeutic effect of induction of a biological or medical response.
In general, the dose will vary with the age, constitution and gender of the patient, and the
severity of the disease will be taken into account. it goes without saying that the specific
dose, frequency and duration of administration are, 'in addition, dependent on a multiplicity of
factors, such as, for exampie, the targeting and bincging ability of the compounds, feeding
habits of the individual to be treated, type of administration, excretion rate and combination
with other drugs. The individual dose can be acdjusted both with respect to the primary dis-
ease and also with respect to the occurrence of any complications. The precise dose can be
established by a person skilled in the art using xnown means and methods. This teaching of
the invention is valid and can be applied without restrictions to the pharmaceutical composi-
tion comprising the compounds of the formula (1), if it appears appropriate.

In an embodiment of the invention, the compounds are administered in a dose of 0.01 mg to
1 g per dosage unit, preferably between 1 to 7C0O ing, particularly preferably 5 to 200 mg. The
daily dose is in particular between 0.02 and 100 mg/kg of body weight.
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In order to support the medical effect, the pharma:e utical composition may, in an embodi-
ment of the invention, also comprise one or more further active compounds, where simul-
taneous or successive administration is conceivable. The therapeutic effect of the pharma-
ceutical composition according to the invention can consist, for example, in certain anti-
cancer agents having a better action through the inhibition of DNA-PK as a desired side
effect or in the number of side effects of these medicaments being reduced by the reduction
in the dose.

in a preferred embodiment of the invention, the pharmaceutical composition according to the
invention is combined with an anticancer agent. As used here, the term "anticancer agent”
relates to any agent which is administered to a patient with cancer, tumours or metastases
for the purpose of treatment of the cancer. Anticancer agents which are preferred in accord-
ance with the invention are those which damage the DNA of tumour cells and thus engage in
DNA replication, DNA transcription or gene expression. The following, in particular, are sulit-
able for this purpose:

- alkylating agents, such as altretamine, bendamustine, busulifan, carmustine, chioroambucil,
chloromethine, cyclophosphamide, dacarbazine, ifosfamide, improsuifan tosylate, lomustine,
meilphalan, mitobronitol, mitolactol, nimustine, ranimustine, temozolomide, thiotepa, treo-
sulfan, mechloroetamine, carboguone, apaziquonz, fotemustine, glufosfamide, palifosfamide,
pipobroman, trofosfamide, uramustine;

- platinum compounds, such as carboplatin, cisplatin, eptaplatin, miriplatin hydrate, oxali-
platin, lobaplatin, nedaplatin, picoplatin, satraplatin,

- topoisomerase inhibitors, such as etoposide, irinotecan, razoxane, sobuzoxane,

- DNA-madifying agents, such as amrubicin, bisantrene, decitabine, mitoxantrone, procarba-
zine, trabectedine, clofarabine, amsacrine, brostailicin, pixantrone, laromustine,;

- anticancer antibiotics, such as bleomycin, dactinomycin, doxorubicin, epirubicin, idarubicin,
levamisol, miltefosine, mitomycin C romidepsin, streptozocin, valrubicin, zinostatin, zorubicin,
daunurobicin, plicamycin, aclarubicin, peplomycin pirarubicin;

- alpha emitters, such as alpharadin (**Ra dichloride, Xofgio), 2*'At, 2'*Bi, °Ac, %*'Th;

particular preference is given to bleomycin and alpharadin.

The invention can also be practised as a kit which comprises the compounds according to
the invention. The kit consists of separate packs cof (a) an effective amount of a compound of

the formula (1) and/or physiologically acceptable salts, tautomers and/or sterecisomers
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thereof, including mixtures thereof in all ratios, and (b) an effective amount of an anticancer
agent. The kit comprises suitable containers, suct: as, for example, boxes or cartons, individ-
ual bottles, bags or ampoules. The kit may, for example, comprise separate ampoules, each
containing an effective amount of a compound of -he formula (I) and/or pharmaceutically
usable salts, tautomers and/or stereoisomers theraof, including mixtures thereof in all ratios,
and an effective amount of an anticancer agent in dissolved or lyophilised form. The kit of the
invention may also contain an article which cortains written instructions or points the user

towards written instructions which explain the handling of the compounds of the invention.

In accordance with the invention, the compounds of the formula (I} or sub-formulae thereof
and/or physiologically acceptable salts, tautomers and/or stereoisomers thereof, including
mixtures thereof in all ratios, are used for the proghylaxis, therapy and/or progress contro! of
diseases which are caused, promoted and/or spread by the activity of serine/ threonine pro-
tein kinases. The present invention therefore also relates to the use of compounds of the
formula (1) or sub-formulae thereof and/or physiolugically acceptable salts, tautomers and/or
stereoisomers thereof, including mixtures thereof n all ratios, for the preparation of a medic-
ament for the prophylaxis, therapy and/or progress control of diseases which are caused,
promoted and/or spread by the activity of serine/threonine protein kinases. In accordance
with the invention, compounds of the formula (1) ¢~ sub-formulae thereof and/or physiologi-
cally acceptable salts, tautomers and/or stereciso ners thereof, including mixtures thereof in
all ratios, are suitable for use in the prophylaxis, therapy and/or progress control of diseases
which are caused, promoted and/or spread by activity of serinefthreonine protein kinases.
For the identification of a corresponding signalling pathway and in order to detect interactions
between various signalling pathways, suitable models or model systems have been devel-
oped, for example cell culture modeis (Khwaja et .al. (1997) EMBO 16: 2783) and modeis of
transgenic animals (White et al. (2001) Oncogene 20: 7064). In order to determine certain
stages in the signalling cascade, interacting comgounds can be used in order to medulate
the signal (Stephens et al. (2000) Biochemical J 351: 95). In addition, the compounds
according to the invention can also be used as reagents for testing kinase-dependent signal-
ling pathways in animals and/or cell culture models or in the clinical diseases mentioned in
this application. As discussed herein, these signallirg pathways are relevant for various dis-
eases. Accordingly, the compounds according to the invention are useful in the prophylaxis,
therapy and/or progress control of diseases whick are dependent on signalling pathways with
participation by serine/threonine protein kinases.

In accordance with the invention, the compounds f the formula (1) or sub-formulae thereof
and/or physiologically acceptable salts, tautomers and/or sterecisomers thereof, including
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mixtures thereof in all ratios, are suitable for use in the prophylaxis, therapy and/or progress

control of cancer, tumours and/or metastases.

The tumour is selected, in particuiar, from the group of malignant diseases of bladder, stom-
ach, kidneys, head, neck, oesophagus, cervix, thyroid, intestine, liver, brain, prostate, uro-
genital tract, lymphatic system. larynx, lung, skin, blood, bones and immune system, and/or
the cancer is selected from the group of monocytic leukaemia, non-small-cell lung carcin-
oma, small-cell lung carcinoma, pancreatic cancer, glioblastoma, colorectal carcinoma,
breast carcinoma, acute myeloid leukaemia, chronic myeloid leukaemia, acute lymphatic
leukaemia, chronic lymphatic leukaemia, Hodgkin's lymphoma and non-Hodgkin's lympho-
ma.

A further embodiment of the present invention relates to the compounds according to the
invention in combination with radiotherapy and/or with at least one further active compound,
preferably in combination with radiotherapy and/o: an anticancer agent. Industrial irradiation
methods which are used clinically preferably include photon irradiation (classical, electro-
magnetic X-ray/gamma radiation), proton irradiation, heavy-ion irradiation (ionised carbon)
and neutron irradiation, without being restricted thereto. in addition, brachytherapy is used
clinically with the aid of a suitable radiation source (for example alpha emitters) in the form of
surface application and intracavitary and interstitic;| administration. These radiotherapies and
other suitable irradiation therapies in the sense of the invention are known to the person
skilled in the art, such as, for example, from Herrmann et al. (2006) Klinische Strahlenbioio-
gie [Clinical Radiation BioloAgy], Elsevier Munich, 4th Edition, 67-68; Bhide & Nutting (2010}
BMC Medicine 8: 25; Choi & Hung (2010) Current Urology Reports 11(3): 172. As the most
frequent application, photon irradiation has been refined technically by the IMRT (intensity-
modulated radiotherapy) method and by imaging methods (three-dimensional conformal
radiotherapy) in irradiation planning and performance for the most precise focusing possible.
The compounds according to the invention achievé synergistic effects in existing cancer
chemotherapies and irradiations and/or restore the efficacy of existing cancer therapies and
irradiations. '

Still a further embodiment of the invention relates to the use of at least one compound of the
formula (1) and/or physiologically acceptable salts tautomers and/or stereocisomers thereof,
including mixtures thereof in all ratios, for the sensitisation of cancer cells to an anticancer
agent and/or ionising radiation, with the proviso that the sensitisation does not take place in
vivo on the human or animal body. The sensitisation preferably takes place ex vivo or in vitro
by administering the compounds to cells, cell cultures, tissues or organs which comprise
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serine/threonine protein kinases. The ex-vivo use is used, in particular, in the case of animal
cells which originate from an animal organism which is affected by a disease which is select-
ed from the group of cancer, tumours or metastases. The cells treated ex vivo can either
continue to be kept in culture for subsequent investigations or transferred into an animal,
which can be the host animal or another animal. The ex-vivo sensitisation according to the
invention is particularly advantageous for testing the specific action of the compounds, so
that the in-vivo dose can be pre-adjusted correspondingly with evaluation of these ex-vivo
data. As a result thereof, the therapeutic effect is increased significantly. Alternatively, the
invention is also designed for use in vivo and relates to at least one compound of the formula
(1) and/or physiologically acceptable salts, tautomars and/or stereoisomers thereof, including
mixtures thereof in all ratios, for use for the sensitisation of cancer cells to an anticancer
agent and/or ionising radiation.

The invention furthermore teaches a method for the prophylaxis, therapy and/or progress
control of cancer, tumours or metastases in which an effective amount of at least one com-
pound according to the invention and/or physiologically acceptable salts, tautomers and/or
stereoisomers thereof, including mixtures thereof in all ratios, is administered to a subject to
be treated. Preferred subjects in the sense of the .nvention are humans or animals, particu-
larly preferably humans. it is known to the person skilled in the art here that he can adminis-
ier the compounds according to the invention, which can of course also be used as the
pharmaceutical composition according to the inveation, in various doses to an organism, in
particular a human patient. The effective amount and the type of administration can be deter-
mined by the person skilled in the art by routine experiments. The previous teaching of the
invention and embodiments thereof are valid and zan be applied without restrictions to the
treatment method, if it appears appropriate.

All said and further constituents or components are familiar to the person skilled in the art
and can experience a specific embodiment for the teaching according to the invention in rou-
tine experiments. All documents cited in the description are hereby intended to be incorpo-

rated in their entirety into the disclosure of the present invention as reference.

As part of the invention presented here, novel arylquinazoline compounds of the formula (1)
were provided for the first time, The compounds according to the invention control serine/
threonine protein kinases, in particular DNA-PK, affinitively and/or selectively. The com-
pounds from formula (1) and derivatives thereof arz distinguished by high specificity and sta-
bility, low preparation costs and easy handling. Tkese properties form the basis for a repro-

ducible mode of action, and reliable and safe interaction with the corresponding target struc-
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tures. The invention also includes the use of the present arylquinazoline derivatives for the
inhibition, regulation and/or modulation of the sigr.alling cascade of serine/threonine protein
kinases, in particular DNA-PK, and thus offers novel tools for research and/or diagnostics.

Medicaments and pharmaceutical compositions which comprise the said compounds and the
use of these compounds for the treatment of kinase-promoted disorders are, in addition, a
highly promising approach for a broad spectrum cf therapies, enabling direct and immediate
alleviation of symptoms to be achieved in humans and animals. This is particularly advanta-
geous for effective combating of severe diseases, such as cancer, either as monotherapy or
in combination with other antineoplastic therapies The key participation by DNA-PK in DNA
repair processes and the evidence that the DNA-FPK inhibitors allows mammal cells to
become more radiation-sensitive enable therapeutic use of the DNA-PK-specific inhibitors as
part of the treatment of, for example, solid cancer tumours by radiotherapy and/or chemo-
therapy aimed at DNA-DSBEs.

The compounds of the formula (1), salts, isomers, tautomers, enantiomers, diastereomers,
racemates, derivatives, prodrugs and/or metabolites thereof are effective not only in the case
of the said clinical disease pictures, but likewise ir: the diagnosis and therapy of all diseases
in connection with the DNA-PK signalling cascade, in particular with respect to the inhibition
of cell proliferation and migration. In addition, the \nhibitors according to the invention can be
used in the treatment of retroviral diseases by suyp pression of retroviral integration (R. Daniel
(1999) Science 284: 644). Finally, the inhibitors according to the invention can be employed
as immunomodulators and modulators of telomeriz maintenance. The low-molecular-weight
inhibitors are used individually and/or in combination with other treatment measures, such
as, for example, surgical interventions, immunotherapy, radiotherapy and/or chemotherapy.
The latter relate to targeted therapy with any desired NME (i.e. NCE and/or NBE) as mono-
therapy and/or on-target/off-target combination therapy.

Owing to their surprisingly strong and/or selective inhibition of enzymes which regulate cellu-
lar processes via the repair of dsDNA, the compounds of the invention can be administered
in advantageously low dose, while they achieve a similar or even superior biological efficacy
compared with the less-potent or less-selective inhibitors of the prior art. The reduced dose is
also accompanied by reduced or no medical side sffects. In addition, the highly selective
inhibition by the compounds according to the inve 1tion is also accompanied by a reduction in
undesired side effects, which is independent of the dose. In particular, the compounds

according to the invention have no physiologically relevant inhibitions or blockades of the Kv
11.1 hERG potassium ion channel
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It goes without saying that this invention is not restricted to the specific compounds, phar-
maceutical compositions, uses and methods as described herein, since such things can be
varied. It furthermore goes without saying that the terminology used here serves exclusively
the purpose of description of particular embodiments and is not intended to restrict the scope
of protection of the invention. As used here in the specification, including the appended
claims, word forms in the singular, such as, for exariple, "a" or "the", include the equivalent
in the plural, so long as the context does not specifically indicate otherwise. For example, the
reference to "a compound" includes a single compound or a plurality of compounds, which
may in turn be identical or different, or the reference to "a method" includes equivalent steps

and methods which are known to the person skilled in the art.

The invention is explained in greater detail below with reference to non-limiting examples of
specific embodiments. The examples should, in pariicular, be interpreted as not being
restricted to the feature combinations specifically illustrated, but instead the illustrative fea-

tures can in turn be freely combined so long as the object of the invention is achieved.

EXAMPLES

An overview of the working examples is given by Tables 1-7.

The following ranges apply to the biological data raproduced therein:

DNA-PK (enzymatic):

A ICs0 <3 nM
B 3 nM £1Cso<7 nM
C: 7 nM £1Cs < 30 nM
D 30 nM < Csp

pPDNA-PK (cellular):

A: 1Cs0 < 0.5 uM
B 0.5 uM= iCso <5 uM
C: 5 uMs ICs <10 uM
D 10 UM< ICsy < 30 UM

Kv11.1 hERG:

A Ki> 25 pM
B: 25 uM = K> 15 uM
C: 15 uM 2 Ki> 10 uM
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D: 10 uM 2 K

Analysis

NMR (*H) was carried out with the following parameters.

instruments: Bruker Avance DRX 500, Bruker Avence 400, Bruker DPX 300
Reference: TMS

TD (time domaine = number of data points or digital resolution): 65536
Solvent: DMSO-d6

NS (number of scans = frequency of scanning). 32

SF (spectrometer frequence = transmission frequisncy): 400 or 500 MHz
TE (temperature): 303 K, 363 Kor 383 K

Coupling constants (J) are indicated in hertz (Hz)

HPLC: high performance chromatography with UV de’;ector
L.C-MS: high performance chromatography with UV and MS detector

SFC: supercritical fluid chromatography with UV cetector

|dentification of synthesis intermediates and syntt esis final products by means of LC-MS:

LC-MS method A:

Column: Chromolith SpeedROD RP-18e 50-4.6 mm, flow rate: 2.4 mi/min., wavelength:
220 nm, eluent A: water + 0.05% by vol. of formic acid, eluent B: acetonitrile + 0.4% by vol.
of formic acid, gradient: 4% by vol.-100% by vol. of 2luent B in 2.8 min, then 100% of eluent
B for a period of 0.5 min.

LC-MS method B:

Column: Chromolith SpeedROD RP-18e 50-4.8 mm, flow rate: 2.4 mi/min., wavelength:

220 nm, eluent A: water + 0.1% by vol. of trifluoroacetic acid, eluent B: acetonitrile + 0.1% by
vol. of trifluoroacetic acid, gradient: 4% by vol.-100% by vol. of eluent B in 2.8 min, then
100% by vol. of eluent B for a period of 0.5 min.

Separation of stereoisomeric mixtures by means of HPLC and SFC:

HPLC: firstly, a column screening is carried out for each stereoisomeric mixture, with the fol-
lowing columns: Chiralpak AD-H, Chiralpak AS-H, Chiralpak 1A, Chiralpak IB, Chiralpak IC,
Chiralcel OD-H, Chiralcel OJ-H, Lux Cellulose-2, l.ux-Amylose-2, all columns: 250-4.6 mm.
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The most suitable column is used for the further measurements (for example determination
of the enantiomeric ratio). Fiow rate: 0.8 mi/min, wavelength: variable, is adapted corres-
ponding to the extinction maximum and the eluents used. Eluent: the following solvents or
solvent mixtures are used for the eluents: n-heptane, n-hexane, ethanol, methanol, 2-propa-
nol, acetonitrile, ethyl acetate, dichloromethane; the following can be used as eluent additive:
0.01-0.5% by vo!. of formic acid, 0.01-0.5% by vol. of diethylamine; gradients or isocratic

measurement conditions are used as required.

SFC: firstly, a column screening is carried out for @ach sterecisomeric mixture, with the fol-
lowing columns: Chiralpak AD-H, Chiralpak AS-H, Chiralpak |A, Chiralpak |B, Chiralpak IC,
Chiralcel OD-H, Chiralcel OJ-H, Lux Cellulose-2, l_ux-Amylose-2, all columns: 250-4.6 mm.
The most suitable column is used for the further nieasurements (for example determination
of the enantiomeric ratio). Flow rate: 5 mi/min, wavelength: variable, is adapted correspond-
ing to the extinction maximum and the eluents used. Eluent: liquid carbon dioxide (>70 bar),
co-eluent: the following solvents or solvent mixtures are used for the co-eluents: ethanol,
methanol, isopropanol, acetonitrile, ethyl acetate, dichloromethane. The following can be
used as eiuent additive: 0.01-0.5% by vol. of form:c acid, 0.01-0.5% by vol. of diethylamine.
Gradients or isocratic measurement conditions are used as required.

Biological testing
A) DNA-PK ASSAY (BIOCHEMICAL)

The kinase assay was carried out in streptavidin-coated 348-well microtitre flashplates. To
this end, 1.5 pg of DNA-PK/protein complex and 100 ng of biotinylated substrate, such as, for
example, PESQEAFADLWKK-biotin-NH2 ("biotin-DNA-PK peptide"), were incubated for

90 min at room temperature in a total volume of 33.5 pl (34.25 mM HEPES/KOH; 7.85 mM
Tris HCI; 68.5 mM KCI; 5 uM ATP; 6.85 mM MgClz; 0.5 mM EDTA; 0.14 mM EGTA; 0.69 mM
DTT; pH 7.4) with 500 ng of DNA from calf thymus, 0.1 uCi of 33P-ATP and 1.8% of DMSO
per well with and without the test compound. The reaction was stopped using 50 pliwell of
200 mM EDTA. After incubation for a further 30 min at room temperature, the liquid was
removed. Each well was washed three times with 100 pl of 0.9% saline solution. A non-
specific reaction (blank value) was determined using 10 uM of an innate kinase inhibitor. The
radioactivity measurement was carried out using a TopCount. ICs values were calculated in

RS1.

Literature: Kashishian et al. (2003) Molecular Canzer Therapeutics 1257.
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B) DNA-PK PHOSPHORYLATION AT SERINE 2056 (CELLULAR)

HCT116 cells were cultivated at 37°C and 10% CD2 in MEM alpha medium with 10% of foe-
tal calf serum and 2 mM glutamine. The cells were detached from the base of the culture
vessels with the aid of trypsin/EDTA, centrifuged off in centrifuge tubes, taken up in fresh
medium, and the cell density was determined. 100,000 cells were sown in 1 m! of culture
medium per cavity of a 24-well cell culture plate and cultivated overnight. Next day, 10 pM
bleomycin (DNA intercalater and inductor of DNA double-strand breaks) and test substances
in fresh culture medium were added to the cells, and these were cultivated for a further six
hours. Cell lysis was subsequently carried out, and the cell lysates were added to a blocked
96-well ELISA plate coated with DNA-PK-specific antibodies (Sigma-Aldrich WH0005591M2:
total DNA-PK; Abcam ab18192 or Epitomics EM03912: phospho-serine 2056 DNA-PK) and
incubated at 4°C overnight. The 96-well ELISA plates were subsequently treated with a
detection antibody (Abcam ab79444: total DNA-PK) and a streptavidin-HRP conjugate. The
development of the enzymatic reaction was carried out with the aid of a chemijuminescent
reagent, the chemiluminescence was measured with the aid of a Mithras LB940. The signals
with the phospho-DNA-PK-specific antibody were standardised to the signai with the anti-
body against the total protein DNA-PKc. The determination of IC50 values or of percentage
values was carried out by referencing to the signal level of the bleomycin-treated vehicle con-
trol group (100% of the control). The DMSO conirol was used as blank.

C) Kv11.1 (hERG) ION CHANNEL ACTIVITY (patch clamp assay)

Method for the detection and characterisation of test substances which interfere with the
Kv11.1 (hERG) channel: Kv11.1 (hERG, human ether a-go-go related gene) is a potassium
channel which plays a central role for repolarisaticn of the cells in the ventricular cardio-
myocytes.

The patch-clamp measurement was carried out at room temperature in whole-cell configu-
ration on human embryonic Kidney cells (HEK2393) which have been transfected in a stable
manner with the hERG gena.

The whole-cell configurations were carried out using an automated patch clamp device
(PatchlinerTM, Nanion Technologies, Munich). This is a glass chip-based system with which
automated whole-cell measurements on up to 8 cells simultaneously are possible. The glass
chip has a hole of defined size to which the cell is transferred into the Gigaseal by application
of a reduced pressure and brought into the whole-celi configuration. Buffer, cell suspension
and test substances were added to microchannels. of the chip using a Teflon-coated pipette.
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The cells were clamped to a holding potential of -30mV. For measurement of substance-
promoted inhibition of the Kv11.1 channel, the following voltage protocol was applied at 10-
second intervals: 51 ms /-80 mV, 500 ms / +40 mV, 500 ms / -40 mV, 200 ms / -80 mV. The
leakage current is subtracted by means of the P4 method. The cells were resuspended in
extracellular buffer (EC) and applied to the chip. After the cell had been collected, the seal
was improved by addition of a seal enhancer buffer. As soon as the whole-cell configuration
had been reached, the seal enhancer buffer was washed out and replaced by extracellular
buffer. The measurement started in EC for 1.5 min. DMSQO (vehicle control, 0.1% of DMSQ)
was then applied, and the control current was recorded for 3 min. The test substance was
subsequently added twice in the same concentrat:on, and the potassium current was meas-
ured for 3.5 min in each case.

If the measurement result of a test substance at an initial concentration of 10uM was smaller
than (-)50%effect (threshold value) (for example (-)60%effect), the test substance was, in
order to determine a dose/action relationship, added cumulatively in increasing concentra-
tion, where each concentration was measured for 51;r1in.

The reference substance used was the Kv11.1 (hiZRG) ion channe! blocker quinidine. The
effects of test substances and quinidine were star dardised to the associated vehicle control.
The effect on the Kv11.1 (hERG) channel activity was assessed from the potassium current
at -40mV. For the calculation, the current was eveluated for the respective final trace. A test-
substance-induced inhibition of the Kv11.1(hERG) channel was standardised to the vehicle
control (0.1% of DMSO).

During the measurement, an aiiquot of the test susstance was taken for concentration deter-
mination. The sample was measured immediately by HPLC, and the final concentration was
determined from a calibration curve.

If the measurement result of a test substance at an initial concentration of 10pM is greater
than or equal to (-)50%effect (threshold value) {for exampie (-)30%effect, i.e. 30% inhibition
at 10uM), the K is calculated in accordance with the following formula: K = 1.0E-5 x
(100+%effect)/(-%effect), [M].

The measurement result of (-)30%effect at a test substance concentration of 10uM gives a K;
of 23 uM.

D) Kv11.1 lon channel binding assay

Kv11.1 (hERG= human ether a go-go related enzyme) is a cardiac K* channel which should
if possible not interact with the test substances. This interaction is determined quantitatively
with the aid of the Predictor™ hERG Fluorescenc: Polarizations (FP) Assays from Life Tech-

nologies. In the case of this assay principle, cardiomyocyte cell membranes having a certain
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proportion of Kv11.1 channels are isolated. A aye {abelled Kv11.1 binding partner gives a
high fluorescence polarisation signal by interaction with the Kv11.1. In the case of displace-
ment of the dye, a reduction in the fluorescence polarisation signal occurs.

The assay is carried out automatically as follows: 1% nl of the test substances (highest con-
centration: 10mM, 10 concentrations: dilution factors 1:3.16, DMSO ) are transferred into an
empty microtitre plates having 384 wells by mean: of an acoustic pipetter. 3ul of the isolated
membranes are subsequently added. Membranes and test substances are incubated at 22°C
for 15 min (+/-5min). In the next step, the dye-labelled binding partner is added, followed by
incubation at 22°C. After incubation for two hours, the measurement of the flucrescence
polarisation is carried out oin an Envision mulftimode Reader. Measured raw data are stand-
ardised with the aid of Genedata Assay Analyzer. The IC50 and %effect values are calculat-
ed in Genedata Condoseo.

Chemical synthesis

Above and below, all temperatures are indicated in °C.

The stereochemical configuration assignments of enantiomeric Examples 27, 72, 82, 83,
135, 136, 185, 234, 251, 455 and 456 were confirmed by X-ray structural analyses. For
Examples 234 and 251, the identification was cartied out by crystallisation and X-ray struc-
tural analysis of a precursor.

The other compounds denoted as chiral in the takles (asterisk on the asymmetrical C atom)
were obtained by chromatography on a chiral solid phase. The enantiomer eluted first under
the respective conditions was given the name "Enat", the enantiomer eluted second was
given the name "Ena2".

EXAMPLES 1 and 2:
(3,5-Difluoropyridin-4-yh)-[4-fluoro-3-(7-morpholin-4-ylquinazolin-4-yl)phenylmethanol (1)
{4-Chloro-5-flucropyridin-3-y)-[4-fluoro-3-(7-morpholin-4-ylquinazolin-4-yl)phenylimethanol
2)

NF |

=
= Q
N=~ + iO\BWB/ Dioxane, (Ph.P),PdCl, AN F
/ \ ”" >
F 0 0 KOAc, argon B
Br

O O

—t

(3-Bromo-4-fluorophenyl)acetonitrile (4.00 g, 18.3.2 mmol), bis(pinacolato)diboron (5.22 g,
20.15 mmol), potassium acetate (55.86 mmol) and bis(triphenylphosphine)palladium(il) chlo-
ride (15.2% of Pd) (393.53 mg, 0.55 mmol) were cissolved in oxygen-free 1,4-dioxane
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(40 mi, max. 0.005% of water) under argon. The rzaction mixture was subsequently heated
at a temperature of 130°C for 90 min. When the reaction conversion was complete, the
mixture was filtered through kieselguhr. The filirat2 was diluted with dichloromethane

(200 mi) and water (50 ml) and extracted. The organic phase was dried over sodium sulfate,
subsequently filtered and evaporated to dryness in vacuo, giving [4-fluoro-3-(4,4,5,5-tetra-
methyl-1,3,2-dioxaborolan-2-yl)phenyl]acetonitrile as oil (7.59 g, purity 81%, MS: 262.2
[M+H]), which was reacted further without further work-up.

Ci p
N// N
XN . Dioxang:, (Cy,P),PdCi,
P s
N B Na,CO;. N,

N N PN
Q Q 9 67%)
o
O~

4-Fluoro-3-(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyljacetonitrile (7.60 g,

23.53 mmol), 1.4-dioxane (85.6 ml, max. 0.005% of water), 4-chloro-7-morpholin-4-yi-
quinazoline (5.00 g, 20.02 mmol), bis(tricyclohexyiphosphine)palladium(ll) dichloride
(597.24 mg, 0.80 mmol) and sodium carbonate sciution (2.0 M, 30 ml, 60.07 mmol) were
initially introduced in a three-necked flask. The suspension obtained was heated at a tem-
perature of 140°C under a nitrogen atmosphere with stirring for a period of 2.5 h. When the
reaction was complete, the mixture was cooled to room temperature and filtered through
kieselguhr. The filtrate was diluted with ethyl acetate (250 ml) and water (100 mi) and
extracted. The aqueous phase was rinsed twice with ethyl acetate (75 ml in each case). The
combined organic phases were dried over sodium sulfate, subsequently filtered and evapo-
rated to dryness in vacuo. For further work-up, the residue was suspended in methyl tert-
butyl ether, filtered off and rinsed twice with further methyi tert-butyl ether (30 mi in each
case). The fiiter cake was dried overnight in vacuo, giving [4-fluoro-3-(7-morpholin-4-yi-
quinazolin-4-yl)phenyllacetonitrile (4.91 g, 13.49 rimol, MS: 349.1 [M+H*], 67% vield) as
yellow solid.

RN KOtBu, THF

————

O N N~ . Argon
J
(\N N
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[4-Fluoro-3-(7-morpholin-4-ylquinazolin-4-yl)phenvilacetonitrile (400 mg, 1.12 mmol), 4-
chloro-3,5-diflucropyridine (189.9 mg, 1.23 mmol) were dissolved in oxygen-free, degassed
tetrahydrofuran (8 ml, max. 0.0075% of water) ur.der a dry argon atmosphere. Potassium
tert-butoxide (263.9 mg, 2.35 mmol) was subsequently added to the reaction mixture, during
which a dark-red solution formed, which was stirred at room temperature for a further 30 min.
When the reaction was complete, the mixture was diluted with saturated ammonium chioride
solution (20 ml) and water (50 ml). The agueous phiase was subsequently exiracted twice
with dichloromethane (60 mi in each case). The o-ganic phase was dried over sodium sul-
fate, filtered off and evaporated to dryness in vactio in a rotary evaporator. The residue was
purified by flash column chromatography (gradient: dichloromethane / 0-4% by vol. of etha-
nol), giving a mixture (420 mg, about 5:3) of the oils (3,5-difluoropyridin-4-yl)-[4-fluoro-3-(7-
morpholin-4-ylquinazolin-4-yl)phenyllacetonitrile (263 mg, 0.57 mmol, MS: 462.1 [M+H"],
50% vyield) and (4-chloro-5-fluoropyridin-3-yl)-[4-fluoro-3-(7-morpholin-4-ylquinazolin-4-yl)-
phenyljacetonitrile (157 mg, 0.33 mmol, MS: 478. 1/480.1 [M+H"], 29% vyield).

N N
- o

CH,CN

Xy N N
| | T
(\N NN = N/) N

The mixture (420 mg, about 5:3) of (3,5-difluoropyridin-4-yl)-[4-fluoro-3-{7-morpholin-4-yi-
quinazolin-4-yl)phenyllacetonitrile and (4-chloro-5-fluoropyridin-3-yl)-[4-fluoro-3-(7-morpholin-
4-ylquinazolin-4-yl)phenyl]acetonitrile was dissolvad in acetonitrile (12.7 ml). Potassium tert-
butoxide (80.90 mg, 0.72 mmol) was added to the reaction solution with stirring, during which
a dark-red solution formed. After stirring for 15 min, the mixture was cooled to 0°C, and 30%
hydrogen peroxide solution (276 ul, 2.70 mmol} was subsequently added dropwise. The
cooling bath was removed after stirring for 5 min at 0°. The reaction solution was stirred at
room temperature for a further 1 h. When the reaction conversion was complete, 10%
sodium thiosulfate solution (5 ml) was added, and the mixture was diluted with water (25 mi).
The aqueous solution was extracted twice with dichioromethane (50 m! in each case). The
combined organic phases were dried over sodium: sulfate, filtered off and evaporated to
dryness in vacuo. The residue was purified by flagh column chromatography (gradient:
dichloromethane / 0-4% by vol. of ethanol), giving a mixture (310 mg, about 3:1) of the oils
(3.5-difluoropyridin-4-yl)-[4-fiuoro-3-(7-morpholin-:-viguinazolin-4-yl)phenyllmethanone

(233 mg, 0.50 mmol, MS: 451.1 [M+H*]) and (4-cloro-5-fluoropyridin-3-yi)-[4-fluoro-3-(7-

morpholin-4-ylgquinazolin-4-ylphenyljmethanone (77 mg, 0.16 mmol, MS: 467.1/469.1
IM+H"]).
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@
o
EXAMPLE 1 EXAMPLE 2

The mixture (310 mg, about 3:1) of (3,5-difluoropyridin-4-yl)-[4-fluoro-3-(7-morpholin-4-yl-
guinazolin-4-yl)phenylimethanone and (4-chloro-£ -flucropyridin-3-yi)-{4-fluoro-3-(7-morpho-
lin-4-ylquinazolin-4-yl)phenylimethanone was dissolved in methanol (15 ml). Sodium boro-
hydride (30.4 mg, 0.80 mmol) was subsequently added (evolution of gas). The reaction solu-
tion was stirred at room temperature for 45 min. V/hen the reaction was complete, the mix-
ture was diluted with saturated ammonium chlerids solution (5 mi) and water (15 ml). The
agueous phase was subsequently extracted three times with dichioromethane (20 m! in each
case). The combined organic phases were dried over sodium sulfate, filtered off and evapo-
rated to dryness in vacuo in a rotary evaporator. The residue was dissolved in dimethyl sul-
foxide (4.8 ml) and purified by chromatography by means of preparative HPLC (gradient:
water/1-50% by vol. of acetonitrile over 21 min, flow rate 50 ml/min). The product fractions
were combined, diluted with saturated sodium hydrogencarbonate solution (5 ml in each
case) and extracted twice with dichloromethane (40 ml in each case). The organic phases
were evaporated in vacuo, the residues were subsequently taken up in 1,4-dioxane (5 ml)
and water (30 ml) and freeze-dried, giving pure (3.5-difluoropyridin-4-yl)-[4-fluoro-3-(7-mor-
pholin-4-ylquinazolin-4-yl)phenylimethanol (EXAMPLE 1, 42.50 mg, 0.09 mmol, MS: 453.1
[M+H"]) and (4-chloro-5-flucropyridin-3-yl)-[4-fluoro-3-(7-morpholin-4-ylquinazolin-4-yi)-
phenylimethanol (EXAMPLE 2, 28.40 mg, 0.06 mmol, MS: 469.1/471.1 [M+H*]) as sofids.

EXAMPLE 37
(3-Chloropyrazin-2-yl)-[4-fluoro-3-(6-morpholin-4-yithieno[3,2-d}pyrimidin-4-yl)phenyl]-
methanol (37)

HO

L ﬁ
S | N AN NaH THF §N -~
+ ]
\ N/) = tHF f’

(65%)

Sodium hydride (60% suspension in paraffin oil, 1 41 g, 35.0 mmol) was suspended in dry
tetrahydrofuran (25 ml) under argon in a glass vessel. 4-Methoxyphenylmethanol (4.21 g,
30.0 mmol), dissolved in dry tetrahydrofuran (5 ml), was subsequently slowly added dropwise

with stirring, and the mixture was stirred at room temperature for 1 h. A suspension of
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4-chlorothieno[3,2-d}pyrimidine (4.00 g, 23.4 mmol) in dry tetrahydrofuran (20 ml) was then
added slowly, and the mixture was stirred for a further hour. When the reaction conversion
was complete, methanol (15 ml) was carefully added, the mixture was subsequently evapo-
rated in vacuo and diluted with a mixture of water (100 m!) and ethyl acetate (150 ml). The
aqueous phase was extracted three times with etliyl acetate (100 ml in each case), dried
over sodium sulfate, filtered off with suction, and the filtrate was evaporated in vacuo. The
solvent-free residue was taken up in ethano! (40 1) and carefully stirred at about 5°C for

16 h. The crystals which precipitated out overnight were filtered off with suction, rinsed with a
little cold ethanol and dried at room temperature, giving 4-(4-methoxybenzyloxy)thieno-
[3,2-d}pyrimidine (4.15 g, 15.24 mmol, MS: 273.0 [M+H"}), 65% yield) as crystaliine solid.

“@ e “@L

LDA, THF, ()55”0
(41%)
4-(4-Methoxybenzyloxy)thieno[3,2-d}pyrimidine (2.60 g, 9.55 mmol) was dissolved in dry
tetrahydrofuran (35 ml) and cooled to (-}55°C. A fieshly prepared lithium diisopropylamide
solution {21 mmol, prepared from diisopropylamine [2.13 g, 21 mmol] and n-BuLi [15% solu-
tion from n-hexane, 13.13 mi, 21 mmol in dry tetrahydrofuran [35 mi] at [-]10°C) was added
dropwise at (-)55°C over 10 min. The suspension obtained was stirred further. 1,2-dibromo-
ethane (10.76 g, 6.0 mmol) was subsequently added. After a further 10 min, the mixture was
warmed to (-)20°C and stirred for 1 h. With the reaction complete, the reaction solution was
added to a 50% agueous sodium hydrogencarborate/sodium thiosulfate solution (volume
ratio 1:1, 120 ml). The agueous phase was extracied three times with ethyl acetate. The
combined organic phases were washed with saturated sodium chloride solution, subse-
quently dried over sodium sulfate, filtered and evaporated to dryness in a rotary evaporator.
The residue was purified by means of flash columa chromatography (gradient cyclohexane /
0-18% by vol. of ethyl acetate, CombiFlash Rf 200, 80 g silica column,. flow rate = 50 ml/min.,
= 220 nm), giving 6-bromo-4-(4-methoxybenzyloxy)thieno[3,2-d}pyrimidine (1.39 g,
3.95 mmol, MS: 351.0/355.0 [M+H?*]), 41% yield) as solid.

@T@k SN YQQ

Na'OBu, (S)-BINAP, \__/
Pd,(dba),, toluene, (-)55°C

8-Bromo-4-(4-methoxybenzyloxy)thieno[3,2-d}pyrimidine (1.38 g, 3.93 mmol), morpholine
(1.03 g, 11.79 mmol), sodium tert-butoxide (1.13 g, 11.79 mmol), (S)-(-)-2,2-bis(diphenyl-
phosphino)-1,1"-binaphtyl (S-BINAP, 122.3 mg, 0.166 mmol) and tris(dibenzylideneacetone)-
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dipalladium (179.9 mg, 0.196 mmol) was dissoive 1 in toluene (20 mi) under nitrogen in a
microwave vessel. The reaction solution was healed at 95°C for 4 h. The mixture was sub-
sequently diluted with water (60 ml) and dichloromethane (60 mi). The aqueous phase was
extracted three times with dichloromethane. The combined organic phases were dried over
sodium sulfate and evaporated in a rotary evaporator. The residue was purified by means of
flash chromatography (gradient dichloromethane ; 5-25% by vol. of [dichloromethane/ethanol
9:1}, CombiFiash Rf 200, 80 g silica column, % = 220 nm). The suitable product fractions
were combined, and the solvents were removed in a rotary evaporator, giving 4-(4-methoxy-
benzyloxy)-6-morpholin-4-yithieno[3,2-d}pyrimidinz (756.0 mg, 2.12 mmol, MS: 358.2
[M+H™]) 54% yield) as solid.

O/@\
5 bar H,, 4% Pd/C /—-\ S
/ \ S N O/ -
o N \ | ) THF/M20H
N/ NG (59%)

4-(4-Methoxybenzyloxy)-6-morpholin-4-yithieno{3 2-d}pyrimidine (923 mg, 2.58 mmol) was
dissolved in tetrahydrofuran (5 ml) and methanol (5 mi}. Pd/C (5%, 1.9 g) was added in por-
tions (at the beginning of the reaction, after a further 7 h and 24 h), and the mixture was
hydrogenated at a maximum hydrogen pressure of 5 bar (H,, purity 3.0, 57.9 g) for 36 h. The
solution obtained was filiered through kieselguhr aind evaporated in a rotary evaporator. The
residue was purified by means of flash column ch-omatography (gradient: dichloromethane/
10-20% by vol. of [methanol/ammonia 10:1], Combiflash Rf 200, 24 g silica column, i =

220 nm). The suitable product fractions were comoined, and the solvents were removed in a
rotary evaporator, giving 6-morpholin-4-yl-3H-thienc[3,2-d}pyrimidin-4-one (361.0 mg,

1.521 mmol, MS: 238.0 [I\/1+H+ 59% vyield) as solid.

Cl
% \ NH PCLDIPEA /N SNy
e AL

’ N

6-Morpholin-4-yl-3H-thieno[3,2-d}pyrimidin-4-one {206 mg, 0.87 mmol) was suspended in
phosphoryl chloride (1.87 g, 10.89 mmol). N-Ethyldiisopropylamine (56.1 mg, 0.43 mmol)
was subsequently added to the suspension. The reaction mixture was stirred overnight at
room temperature. For work-up, a mixture of satuiated sodium hydrogencarbonate solution
(30 ml) and dichloromethane (20 mi) was added. ‘The resultant solution was extracted three
times with dichloromethane. The combined organic phases were dried over sodium sulfate,
filtered and evaporated to dryness in vacuo, giving 4-chloro-6-morpholin-4-yithieno[3,2-d}-
pyrimidine (127 mg, 0.497 mmol, MS: 256.0/258.( [M+H?*], 57% vield) as solid.
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CH,CN

Example 37

o]

i N, £l
KOtBu. THF E \j:
N

1y
ct H

sael

SN SNy
N \ | i
o N//

Starting from 4-chloro-6-morpholin-4-ylthieno[3,2-d}pyrimidine, (3-chloropyrazin-2-yl)-[4-
5  fluoro-3-(6-morpholin-4-ylthieno[3.2-d}pyrimidin-4-yl)phenylimethanol (EXAMPLE 37) was
prepared analogously to the synthesis sequence (lescribed for Examples 1 and 2.

Compounds which were prepared in accordance with Examples 1,2 and 37 can be found in

10  Table 1 beiow.

Table 1 Compounds of the formula (1)

[Cs0 | ICso Ki
Example | Structural formula Name DNA- | pDNA- | [Kv1.11
PK PK hERG]
E ?H
H\/\| \ (3,5-Diflu >ro-pyridin-4-
L WA, yi)-{4-flucro-3-(7-
1 /‘\ morpholit-4-yl- B B B
I TSN quinazoiin-«-ylyphenyf}-
(\N; S /) methanol
} O
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MS: 453.1 (M+H")

1H NMR {500 MHz, DMSO-d6) ppm = 9.10 (s, TH),
8.50 (s, 2H:. 7.65 - 7.60 (m, 2H), 7.55 - 7.48 (m,
2H), 7.45 - 7.40 (m, 1H), 7.20 (d, J=2.1, 1H), .62
(d, J=4.6 1H), 6.23 (d, J=4.6, 1H), 3.80 - 3.75 (m,
4H), 3.47 - 3.42 (m, 4H)

. Ot
N X (4-Chlorc-5-fluoro-
J\ P | /J\F pyridin-3- yl)-[4-fluoro-3-
A | (7-morphalin-4-yl- B A C
3 TSN quinazolin-+-yl)phenyl]-
2 (\N = N4J methanoi
. -
1H NMR (500 MHz, DMSO-d6) ppm = 8.10 (s, 1H),
MS: 469.1/471.1 (M+H*) 8.70 (s, 1H}, 8.66 (s, 1H), 7.64 - 7.88 (m, 2H), 7.55 -
(Clisotopy, rel. peak 7.48 (m, 2H), 7.44 - 7.39 (m, 1H), 7.20 (d, J=2.2,
intensity ratio [%] 100:37) ;@4 ?Er?e.-4(|f}5 J';i;". ; 1_26%&1 2 4(3,) J=4.5, 1H), 3.81 -
{2-Chlorc -4 -fluoro-5-(7-
morpholiit-4-yl-
quinazolin-4-yl)phenyl]- | B B A
{4-mehoxy-pyridazin-3-
yhymethanoi
3
TH NMR (530 MHz, DMSO-d6) ppm = 9.13 (s, 1H),
, . | 8.968(d, i=6.0, 1H), 8.04-8.01 (m, 1H), 7.65-
(Mc?isi(:g'1/5r()e6|'1é¥; Na™) | 760 (m, 211), 7.56 (dd, J=9.4, 2.5, 1H), 7.32 (d,
e Sity@é}io [;,/':] T0035) | 9760, 1K), 7.22 (d, J=2.5, 1H). 6.46 (d, J=6.2
‘ 1H), 6.39 (d, J=6.3, 1H), 3.96 (s, 3H), 3.81-3.75
(m. 4H), 3.50 - 3.43 (m, 4H)
o o ?I
X R [2-Chlorc-4 -fluoro-5-(7-
N l P morpholin-4-yl-
F quinazolin-4-yl)phenyl]- | A A A
)I\l\u (5-metho<y-pyridazin-3-
i iymetharnol
N P N/ yu)me
1H NMR {500 MHz, DMSO-d6) ppm = 8.07 (s, 1H),
‘ o | 8.88(d, J=4.7, 1H), 7.71(d, J=9.5, 1H), 7.59 (dd,
(1 ot ot o) 047,09, 1H), 754 (d, J=76, 1H), 7.62-7.50
intensity%’ﬂo [;,/5 T00:34) | (M 2M), 7.21-7.47(m, 1H), 6.46 (d, J=5.1, H)
’ 6.15 (d, J=5.2, 1H), 4.01 (s, 3H), 3.81 - 3.74 (m,
4H), 3.48 - 3.41 (m, 4H)
OH
'SRS 3-{[4-Flucro-3-(7-
N /J\F morpholin-¢-yl-
quinazolin-4-ylyphenyl]- | D D B
(NS hydroxyr ethyl}-1H-
5 i/j)'\/\n-?’ pyrazin-2-one
O

MS: 434.2 (M+H*)

TH NMR {500 MHz, DMSO-d6) ppm = 9.09 (s, 1H),
7.69 - 7.89 (m, 2H), 7.56 - 7.50 (m, 2H), 7.39 -
7.28 (m, 3H), 7.20 (d, J=2.1, 1H), 6.00 (s, 1H),
5.87 -5.75 (m, 1H), 3.81-3.74 (m, 4H), 3.44 (1,
J=5.0, 4F)
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[2-Chlorc-4-fluoro-5-(7-
morpholin-4-yl-
quinazolin-4-yl)phenyl}- | A A C
(6-chloro 5-methoxy-
pyridazin -3-yl)methanol

MS: 516.1/518.1/520.1

(M+H*) (Clz isotopy, rel.
peak intensity ratio [%]

100:71:14)

TH NMR (500 MHz. DMSO-d8) ppm = 907 (s, 1H),
7.75(d, c=1.0, 1H), 7.72 (d, J=9.5, 1H), 7.56 (d,
J=7.6, 1H), 7.51 (dd, J=9.5, 2.5, 1H), 7.47 (dd,
J=9.4,2.9, 1H), 7.19(d, J=2.4, 1H), 6.59 (d, J=5.0,
1H), 6.13-6.10 (m, 1H), 3.98 (s, 3H), 3.80-3.74
(m, 4H), 3.48 - 3.41 (m, 4H)

{3~Chlorc-8-methoxy-
pyridazin-4-yl)-[4-fluoro-
3-(7-morpholin-4-yl- B A B
quinazoli-4-yi)phenyl}-
methano!

MS: 482.1/484.1 (M+H™)
{Cl isotopy, rel. peak
intensity ratio [%] 100:39)

TH NMR (500 MHz, DMSO-d6) ppm = 9.09 (s, 1H),
7.62-7.587 (m, 2H), 7.55-7.47 (m, 3H), 7.43 -
7.39 (m, 1H), 7.20 (d, J=2.4, 1H), 6.58 (d, J=4.5,
1H), 5.88 (4, J=4.4, 1H), 4.04 (s, 3H), 3.80-3.75
(m, 4H), 3.46 - 3.42 (m, 4H)

[2-Chloro-4-fluoro-5-(7-
morpholit-a-yl-
quinazolin-4-y)phenyl}- | C B C
(6-chloro-4-methoxy-
pyridazin-3-ylymethanol

MS: 516.1/518.1/520.1
(M+H*} (Cl2 isotopy, rel.
peak intensity ratio [%)]
100:72:16)

TH NMR {500 MHz, DMSO-d8) ppm = 9.13 (s, 1H),
8.01-7.69 (m, 1H), 7.65-7.59 (m, 3H), 7.56 (dd,
J=9.5, 2.5, 1H), 7.22 (d, J=2.5, 1H), 6.52 (d, J=6.2,
1H). €.39 (d. J=6.2, 1H), 4.02 (s, 3H). 3.80 - 3.76
(m, 4F), 3.48 - 3.44 (m, 4H)

(8-Chlorc-5-methoxy-
pyridazin-3-yl)-[4-fluoro-
3-(7-morpholin-4-yi- B A D
quinazolin-4-yhphenytll-
methanol

MS: 482.1/484.1 (M+H™*)
(Cl isotopy, rel. peak
intensity ratio {%] 100:38)

1H NMR {500 MHz, DMS0-d8) ppm = 9.10 (s, 1H),
7.88(d, J=1.0, 1H), 7.63 - 7.58 (m, 2H), 7.55 -
7.47 (m, 2F), 7.42-7.35 (m, 1H), 7.20 (d, J=2.3,
1H), 6.46 (4, J=4.3, 1H), 5.85- 5.82 (m, 1H), 4.00
(s, 3H), 0.61-3.74 (m, 4H), 3.48 - 3.41 (M, 4H)
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© CH
Ny x (6-Chlorc-4-methoxy-
I P | - pyridazin -3-yi)-[4-fluoro-
o N roF 3-(7-morpholin-4-yi- B A
m quinazolin-4-yl)phenyl]-
i methanol
10 N~ SN
[
1H NMR (500 MHz, DMSO-d8) ppm = 8.09 (s, 1H),
MS: 482.1/484.1 (M+H*) 7.64 -7.60 (m, 2H), 7.53-7.51 (m, 3H), 7.40 -
(Cl isotopy, rel. peak 7.35(m, 1H), 7.21-7.19 (m, 1H), 6.29 (d. J=5.3,
intensity ratio [%] 100:38) | 1H), 8.183 (d, J=4.3, 1H), 3.93 (s, 3H), 3.80-3.75
{m, 4H), 3.46 - 3.42 (m, 4H)
\? (:)H
N ‘\ N [4-Fluoro-3-(7-
8 | P morpholin-4-yl-
F quinazolin-4-yl)phenyl]- | B C
! A (5-methoxy -pyridazin-3-
14 (\N)I\/\N/) ylimethanoi (Ena 1)
o/
MS: 448.2 (M+H*); R
8.1min (SFC, Chiracel CJ-
H, CO2/ 15% by vol. of see racelnate
methanol, 0.5% by vol. of
diethylamine) .
N \I!\/‘\\ [4-Fluoro 3-(7-
Nz LA marpholiii-4-yl-
\//\Ik quinazolia-d-yl)phenyl}- | A B
Ny {5-metho«y-pyridazin-3-
12 ~, J\/\ ,) yhmethao' (Ena 2)
o]
MS: 448.2 (M+H*); R:
8.72min (SFC, Chiracel
QJ-H, CO2/ 15% by vol. of | see racernate
methanol, 0.5% by vol. of
diethylamine)
i
oo
’ (3-tert-Butoxy-pyrazin-
m 2-yI)-4-flioro-3-(7-
AN NN morpholin-4-yl- D C
j guinazoli-4-yl)phenyil-
m methanol
13 (\N N

MS: 490.2 (M+H*)

1H NMR 530 MHz, DMSO-d6) ppm = 9.09 (s, 1H),
8.14 (d, J=2.7, 1H), 8.08 (d, J=2.7, 1H), 7.63 -
7.56 (m, 2H), 7.54 - 7.47 (m, 2H), 7.40 - 7.35 (m,
1H), 7.2° - 7.18 (m, 1H), 5.97 (d, J=6.0, 1H), 5.9
(d, J=6.1, 1H), 3.81-3.75 (m, 4H), 3.47 - 3.41 (m,

4H), 1.47 (5, 9H)
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[4-Fluoro -3-(7-
morpholin-4-yl-

17

quinazolin-4-yl)phenyl}- A
{3-pyrrolidin-1-yi-
. pyrazin-2-ytymethanol
14
1H NMR (500 MHz, DMSO-d6) ppm = 9.09 (s, 1H),
7.99 (d, .=2.4, 1H), 7.80 (d, J=2.5, 1H), 7.68 -
_ , 7.52 (m, 1H), 7.38-7.32 (m, 1H), 7.21-7.17 (m,
MS: 487.2 (M+H") 1H), 6.18- 6.13 (m, 1H), 6.0 - 6.01 (m, 1H), 3.78
(t, J=4.9, 4H), 3.68 - 3.56 (M, 4H), 3.44 (t, J=4.9,
4H), 1.96-1.81 (m, 4H)
\O (?H
NF SN [4-Fluoro-3-(7-
|\\\/|N | P morpholin-4-yl-
i quinazolia-4-yl)phenyll- B
Ny (3-methoxy-pyrazin-2-
it H !
15 /\N/\/\N/) ylymethanot (Ena 2)
o
MS: 448.2 (M+H*): Ry
19.73min, (HPLC. see racernate
Chiracel OJ-H, methanol)
[4-Fluoro-3-(7-
morpholin-4-yl-
quinazolin-4-ylyphenyl]- A
(3-methoxy-pyrazin-2-
: ylymetianol (Ena 1)
. 16
MS: 448.2 (M+H*), R:
7.55min, .
(HPLC, Chiracel OJ-H, see racemate
methanol)
(3,5-Dichloro-pyridin-4-
yh)-[4-Flu:sro-3-(7-
morphalin-4-yl- C
quinazolin-4-yl)phenyl]-
methanol

MS: 485.1/487.1/489.1

(M+H*) (Clz isotopy, rel.
peak intensity ratio [%]

100:64:11)

1H NNMR (500 MHz, DMSO-d6) ppm = 9.09 (s, 1H),
8.62 (s, 2H), 7.58 -7.48 (m, 4H), 7.43-7.37 (m,

1H), 7.19 (d. J=2.2, 1H), 6.70 - 6.85 (m. 1H), 6.52
(d, J=4.7. 1H), 3.81-3.74 (m, 4H), 3.48 - 3.40 (m,

4H)
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[4-Fluoro 3-(7-
morpholi-¢-yi-

quinazolin-4-yl)phenyl]- | A B B
(4-methoxy-pyridazin-3-
ylymethano!
18
1H NMR (500 MHz, DMSO-d6) ppm = 9.11 -9.08
(m, 1H), 8.88 -8.95 (m, 1H), 7.65-7.59 (m, 2H),
. . 7.55 - 7.0 (m, 2H), 7.40 - 7.34 (m, 1H), 7.27 (d.
MS: 448.1 (M+H") J=5.9, 1), 7.22 - 7.18 (m, 1H), 6.24 - 6.18 (m,
2H), 3.88 (s, 3H), 3.81-3.74 (m, 4H), 3.48-3.40
(m, 4H)
\? OH
N [4-Filuoro-3-(7-
N morpholin-4-yl-
F quinazolin-4-yl)phenyl}- | A A A
/H\D\ n (6-methoxy-pyridazin-3-
P yl)methano!
N N
19 Q
1H NMR (500 MHz, DMSO-d6) ppm = 8.11 -8.08
(m, 1H), 8.94 - 8.90 (m, 1H), 7.80 - 7.77 (m, 1H),
, . 7.59 - 7.85 (m, 2H), 7.51 (qd, J=9.4, 2.5, 2H), 7.41
MS: 448.2 (M+H) -735(m 1H) 7.20 (d, J=2.3, 1H), 6.34-6.31 (m,
1H), £.87 (d, J=4.2, 1H), 4.01 (s, 3H), 3.82-3.74
{m, 4H), 3.48 - 3.40 (m, 4H) o
?H F
4N N | = [2,4-Diflu >r0-5-(7-
QN/ =~ N morpholin-£-yl-
/\/j’\ i quinazolin-d-yliphenyl}- | C C A
“ “4 imidazo[*,2-b]pyridazin-
20 (\an P 6-ylmethanol (Ena 2)
I

MS: 4752 (M+H"), Ri
15.12 min (HPLC,

Chiralpak AD-H, see racemate
n-heptane/2-propanol, 1.9
vol./vol.)
on t
SIS [2,4-Diflur0-5-(7-

NN ‘ morpholin-4-yl-
' quinazolin-4-yliphenyl|- | A A A
imidazo[1,2-bjpyridazin-
8-yimethaunol (Ena 1)

21 N
0(\
MS: 475.2 (M+H*); R:
8.05 min (HPLC,
Chiralpak AD-H, - see racemate
n-heptane/2-propanol, 1:9
vol./vol.)
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(2-Chlore-5-methoxy-
pyridin-3- yI-{4-fluoro-3-

{7-morpholin-4-yl- A A D
‘ quinazolia-4-yl)phenyl]-
| 22 methanol
1H NMR (500 MHz, DMSO-d6) ppm = 9.09 (s, 1H),
MS: 481.2/483.2 (M+H*) | 8.28 (d, J=1.6, 1H), 7.62-7.55 (m, 3H), 7.55 -
(Cl isotopy, rei. peak 7.49 (m, 2H), 7.41-7.32 (m, 1H), 7.21-7.18 (m,
intensity ratio [%] 100:30) | 1H), 6.16 (d, J=6.1, 1H), 6.03 (d, J=6.1, 1H), 3.85
(s. 3H), 3.80-3.75(m, 4H), 347 -3.42 (m, 4H)
7o (3-Chlorc-pyrazin-2-yl)-
[4-fluoro-3-(6-
morpholin-4-yl-thieno-
3 2-dipysimidin-d-yl- | © C A
phenyilmethanol (Ena
23 Ny R
MS: 458.1/460.1 (M+H")
(Cl isotopy, rel. peak
intensity ratio [%] 100:41); | . ot .
R 4.96min (SFC, Chirace! identical to enantiomer (24)
OD-H, CO2/ 30% by vol.
methanol)
{3-Chiorc-pyrazin-2-yl)-
[4-fluoro- 3-(6-
morpholin-4-yl-thieno-
[3,2-d¥py-imidin-4-yl)- A A B
7\ S Xy phenyljmethanol (Ena
o N :
24 _/ _<\/|\N/) 2
MS: 458.1/460.1 (M"'H*) TH NMR (500 MHz, DMSO-d6) ppm = 8.88 (s, TH),
(Cl isotopy, rel. peak 8.68 (d, J=2.4, 1H), 8.47 (d, J=2.4, 1H), 7.73 (dd,
intensity ratio [%] 100:40); | J=7.0, 2.3, 1H), 7.66 -7.61 (m. 1H), 7.39 (dd,
R: 7.13min (SFC, Chiracel | J=10.3,8.6, 1H), 8.52 (s, 1H). 6.39(d, J=5.7, 1H),
OD-H, CO2/ 30% by vol. 6.21 (d, J=56.7, 1H), 3.78 - 3.71 (m, 4H), 3.44 -
methanol) 3.37 (m, 4H).
o on
N f X (6-Chlorc-3-methoxy-
lon U pyrazin-2-y:)-[4-fluoro-
F 3-(7-morphafin-4-yi- B A D
C‘/Cﬁ\q quinazolin-4-yl)phenyl}-
methanol
25 |/\N ‘N/)

MS: 482.1/484.1 (M+H*)
(Cl isotopy, rel. peak
intensity ratio [%] 100:36)

1H NNR {500 MHz, DMSO-d6) ppm = 9.11 (s, 1H),
8.30 (s, 1H:, 7.65-7.60 (m, 2H), 7.57 - 7.51 (m,
2H), 7.43-7.36 (m, 1H), 7.22-7.19 (m, 1H), 6.18
(s, 1H), 6.06 - 6.02 (m, 1H), 3.94 (s, 3H), 3.81-
3.75 (m, -1H), 3.47 - 3.43 (m, 4H)
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(3-Chlorc-6-methoxy-
pyrazin-2-y-)-[4-fluoro-

! 3-(7-morpholin-4-yl- A
[ guinazolin-4-yhphenyl]-
26 methanoi
1H NMR (530 MHz, DMSO-d6) ppm = 9.10 (s, 1H),
MS: 482.1/484.1 (M+H") 8.11 (s, 1Hy, 7.73-7.68 (m, 2H), 7.54 -7.50 (m,
(Cl isotopy, rel. peak 2H), 7.44-7.38(m, 1H), 7.21-7.19 (m, 1H), 6.31
intensity ratio [%] 100:35) | (d, J=5.7 1H), 6.11 (d, J=5.8, 1H), 3.89 (s, 3H),
3.80-3.75 (m, 4H), 3.47 - 3.41 (m, 4H)
¢l CH
[
hl Y | = (R)~(3-CHloro-pyrazin-2-
N P yl}-[4-flucro-3-(7-
i morpholin-4-yl- A
NN quinazolin-4-yl)phenylj-
27 (\N /\/\N) methanol
i 0
MS: 452.1/454 1 (M+H*")
(Cl isotopy, rel. peak
intensity ratio [{%] 100:40); | see racemate
Rt67.12 min, (HPLC,
ChiralPak AD-H, ethanol)
o oM
\)\(k/\ (S)-(3-Chloro-pyrazin-2-
bN “\/\= yl)-{4-flucro-3-(7-
: P morpholiti-4-yi- B i
\? quinazolin-4-yl)phenyll-
E 28 Ny Z methanol
5
MS: 452.1/454.1 (M+H?)
(Cl isotopy, rel. peak
intensity ratio [%] 100:40); | see raceinate
R:37.09 min, (HPLC,
ChiralPak AD-H, ethanaol) _
K (I:i
[2-Chloro-4-fluoro-5-(7-
N - - morphoalin-4-yl-
quinazolin-4-yl)phenyl]- B
AN N pyridazin-3-ylmethanol
; LA
(\N NN (Ena 2)
29 ©
MS: 452.1/454.0 (M+H)
(Clisotopy, rel. peak 1H NMR {500 MHz, DMSO-d6) ppm = 9.14 (dd,
intensity ratio [%] 100:35); | J=4.9, 1.7, tH), 9.11 (s, 1H), 7.88 (d, J=7.7, 1H}),
Rt 5.61min (SFC, 7.80 (dd, J=:8.6, 1.7, 1H), 7.72-7.66 (m, 2H), 7.58
ChiralPak A, CO2/40% (dd, J=8.4, 3.3, 1H), 7.53 (dd, J=8.5, 2.5, 1H), 7.21
by vol. of 2-propanol, (d, J=2.4, 1H), 6.71 (d, J=5.0, 1H), 6.32 (d, J=4.9,
0.5% by vol. of 1H), 3.8(1-3.75 (m, 4H), 3.47 - 3.43 (m, 4H)
diethylamine)
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(?H Ci
| N | = [2-Chlorc-4-fluoro-5-(7-
W A morpholin-4-yl-
[ guinazoliy--yl)phenyi}- | A A B
/@N pyridazin-3-yimethanol
AN N (Ena 1)
30 o
MS: 474.1/476.1 (M+Na*)
(Clisotopy, rel. peak 1H NMR (500 MMz, DMSO-d6) ppm = 9.14 (dd,
intensity ratio [%] 100:34); | J=4.9,1.7, 1H), 9.11 (s, 1H), 7.88 (d, J=7.7, 1H),
Rt 2.87min (SFC, 7.80 (dd, J=:8.6, 1.7, 1H), 7.73 - 7.66 (m, 2H), 7.58
ChiralPak I1A, CO2/ 40% (dd, J=9.4, 3.3, 1H), 7.53 (dd, J=9.5, 2.5, 1H), 7.21
by vol. of 2-propanaol, (d, J=2.4 1H), 6.71 (d, J=5.0, 1H), 6.32 (d, J=4.9,
0.5% by vol. of 1H), 3.80-3.75 (m, 4H), 3.48 - 3.42 (m, 4H)
diethylamine)
Cl OH
(3-Chlore-5-methoxy-
pyridir-2-yl-{4-fiuoro-3-
(7-morpholin-4-yl- A A C
quinazolin-4-yl)phenyll-
31 methanol

MS: 481.1/482.1 (M+H*)
(Cl isotopy, rel. peak
intensity ratio [%) 100:30)

TH NMR {500 MHz, DMSO-d6) ppm = 9.09 (s, 1H),
8.28 (d, J=2.6, 1H), 7.62 - 7.55 (m, 3H), 7.55 -
7.49 (m, 2H), 7.41-7.32 (m, 1H), 7.21-7.18 {m,
1H), 6.16 (d, J=6.1, 1H), 6.03 (d, J=6.1, 1H), 3.85
(s, 3H), 3.80 - 3.75 (m, 4H), 3.47 - 3.42 (m, 4H)

7
.—/\0 ?H
N //H/M\ [4—ﬂu0."0‘— 3-i7-
L | i )\ morpholin-4-yl-
N NN quinazolia-d-yl)phenyl}- | C C B
[3-(oxetan-3-yloxy)-
; ST pyrazin-2-ylimethanol
32 N FN
8
1H NMR (500 MHz, DMSO-d6) ppm = 9.09 (s, 1H),
8.24 (d, J=2.7, 1H), 8.09(d, J=2.8, 1H), 7.71 -
, 7.64 (m, 2F), 7.54 -7.51 (m, 2H), 7.42 - 7.36 (m,
MS. 490.2 (M+H") 1H), 7.22-7.19 (m, 1H), 6.15-6.11 (m, 2H), 5.63
-5.58 (m. iH), 4.88 -4.83 (m, 2H), 4.58 - 4.52 (m,
2H), 2.80-3.75(m, 4H), 3.47 - 3.41 (m, 4H)
[4-Fluoro-3-(7-
morpholin-4-yl-
quinazolin-4-yl)phenyil- ¢ D b
33 pyrazin-2-yimethanol

MS: 418.1 (M+H?)

TH NMR 400 MHz, DMSO-d6) ppm = 9.11 (s, 1H),
8.89 (d, J=1.5, 1H), 8.59 - 8.53 (m, 2H), 7.71-
765 (M, 2H), 7.57 - 7.50 (m, 2H), 7.44 - 7.37 (m,
1H), 7.2% - 7.19 (m, 1H), 5.94 (s, 1H), 3.81-3.75
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{m, 4H), 3.49 - 3.44 (m, 4H)

34

oH

YO
T
N e

jog
(\“ N \NJ

[2-Chlorc 4-fluoro-5-(7-
morptolin-4-yl-
quinazolin-4-yl)phenyl]-
pyrazin-2-yimethanol

o/
TH NMR (500 MHz, DMSO-d6) ppm = 9.11 (s, 1H),
, | 8.86(d,J=1.3, 1H), 8.58-8.55(m, 2H), 7.88(d,
Mo?" 45t2-“45‘:'1 (M; H) 1 4277, 1H), 7.66 (d, J=9.5, 1H), 7.60 - 7.52 (m,
( . '5°.t°'°y-t.’e 5/pefoo~36 oH), 7.27 (d, J=2.3, 1H), 6.62 (d, J=4.9, 1H), 6.19
intensity ratio (%] 100:36) | (4 "j=4'g {H). 3.80-3.75 (m, 4H), 3.49 - 3.42 (m,
4H)
NI (3,6-Dichioio-pyrazin-2-
. ybh-[4-flucro-3-(7-
marpholin-4-yl- A A C
: guinazolin-4-ylyphenyl}-
methanol
35 N N
O(\
_ 1H NMR {500 MHz, DMSO-d6) ppm = 9.10 (s, 1H),
?,fﬁ:g%{“i%ty“gorg! 8.63 (s, 1H), 7.68 - 7.64 (m, 2H), 7.55-7.51 (m,
kintenz.; rat?g-o/ © | 2H), 7.4%-7.40 (m. 1H), 7.20 (d, J=2.1, 1H), 6.51
pook prorsity rato[A] | (4. =65 1H), 6.18 (d, J=5.5, 1H), 3.81-3.75 (m,
-65:15) 4H), 3.48 - 3.41 (m, 4H)
[2-Chlorc-4 -fluoro-5-(7-
morpholin-a-yi-
quinazolin-4-yl)phenyl}- A A A
pyridazin-4-yimethanol
36
1H NMR {500 MHz, DMSO-d6) ppm = 9.27 - 9.25
, w1 (m, 1E), 9.19 (dd, J=5.3, 1.2, 1H), 9.11 (s, TH),
?gs?isistﬁ'"“fﬁ,‘é?; H') | 7.89(d. J=76, 1H). 7.72 (d, J=9.5, 1H), 7.62 -
intensﬁy%io ,;,/51100,33) 7.56 (m. 2H). 7.53 (dd, J=9.4, 2.5, 1H), 7.21(d,
t ' J=2.4, 1H), 6.72 (s, 1H), 6.13 (s, 1H), 3.81-3.75
(m, 4H), 3.48 - 3.43 (m, 4H)
(3-Chloro-pyrazin-2-yl)-
[4-fluoro-3-(6-
morpholin-4-ylthieno- A A C
[3,2-d}pyrimidin-4-yl)-
phenyljmathanol
37

MS: 458.1/460.1 (M+H™*)
(Cl isotapy, rel. peak
intensity ratio [%] 100:39)

TH NMR (500 MHz, DMSO-d6) ppm = 8.88 (s, 11),
8.68 (¢, J=2.4, 1H), 8.47 (d, J=2.4, 1H), 7.73 (dd,
J=7.0,2.3, 1H), 7.66-7.61 (m, 1H), 7.43-7.35
(m, 1H), 5.52 (s, 1H). 6.39 (d, J=5.7, 1H), 6.21 (d,
J=5.6, 1F), 3.77 - 3.71 (m, 4H), 3.44 - 3.37 (m,
4H)
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{4-Fluoro-3-(7-
morpholin-4-yl-

quinazolin-4-yl}phenyl]- | A A A
; {3-methoxy-pyrazin-2-
yl)methanoi
: 38
E 1H NMR (500 MHz. DMSO-d6) ppm = 9.09 (s. 1H),
: 8.19 (d, J=2.7, 1H), 8.15(d, J=2.7, 1H), 7.64 -
_ 7.59 (m, 2H), 7.55 - 7.50 (m, 2H), 7.39 - 7.34 (m,
MS: 448.2 (M+H) 1H), 7.2° - 7.18 (m, 1H), 6.08 (d, J=5.9, 1H), 6.04
(d, J=6.9 1H), 3.93 (s, 3H), 3.80-3.75 (m, 4H),
3.47 - 3.42 (m, 4H)
[2-Chloro-4-fluoro-5-(7-
morpholin-4-yi-
quinazolin-4-yl)phenyl]- | B A B
pyrazolo[1,5-a}-
pyrimidin-5-yimethanol
39
1H NMR (500 MHz, DMSO-d8) ppm = 9.11 (s, 1H),
9.08 (dd, J=:7.2, 0.9, 1H), 8.19 (d, J=2.4, 1H), 7.87
MS: 491.1/493.1 (M+H") (d, J=7.7 1H), 7.69 (d, J=9.5, 1H), 7.58 (dd, J=9.4,
(Cl isotopy, rel. peak 3.2, 1H), 7 52 (dd, J=9.5, 2.5, 1H), 7.21 (d, J=2.5,
intensity ratio [%] 100:38) | 1H), 7.17(d, J=7.3, 1H), 6.71 (d. J=5.0, 1H), 6.67
(dd, J=2.3, 0.9, 1H), 6.11 (d, J=4.8, 1H), 3.82 -
3.74 (m, -1Hi), 3.49-3.41 (m, 4H)
[2-Chloro-4-fluoro-5-(7-
morpholin-4-yl-
quinazolin-4-yliphenyl]-
(4-methoxypyrido- C B c
[3,4-d}pyridazin-1-yl)-
40 methanol
1H NMR {400 MHz, DMSO-dg) ppm = 9.97 (s, 1H),
MS: 533.2/535.2 (M+H*) 9.15 (s, 1H}), 9.11(d, J=5.5, 1H), 8.10-8.02 (m,
(Cl isotopy, rel. peak 2H), 7.73-7.62 (m, 2H), 7.57 (dd, J=9.5, 2.5, 1H),
intensity ratio {%] 100:38) | 7.23 (d, J=2.4, 1H), 6.95-6.87 (m, 2H), 4.18 (s,
3H), 3.84 -3.74 (m, 4H), 3.52 - 3.41 (m, 4H)
on g '
e [2-Chlorc-4-fluoro-5-(7-
C,)\NoN o morpholin-é-yl-
' quinazolin-4-yl)phenyl}- | B A B
(6-chloro-pyridazin-3-
41 (\N y yh)methano!
b
) 1H NMR {400 MHz, DMSO-d8) ppm = 9.11 (s, 1H),
MS: 466.0/488.1/480.0 7.92-7.607m, 2H), 7.80-7.87 (m, 1H), 7.69 (d,

{M+13*) (Clz isotopy, rel.
peak intensity ratio [%]
100:67:17)

J=9.5, 1F), 7.68 (dd. J=9.4, 3.2, 1H), 7.53 (dd,
J=8.5, 2.4, 1H), 7.20 (d, J=2.3, 1H), 6.86 (d, J=5.0,
1H), 6.3 (d, J=4.5, 1H), 3.81-3.74 (m, 4H), 348
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-3.43 (m. 4H)

42

(3-Chlorc -pyridin-2-y)-
[4-fluoro-3-(7-
morpholin-4-yl- A A B
quinazolin-4-yhphenyll-
methano!

MS: 451.1/452.1 (M+1H*)
(Cl isotopy, rel. peak
intensity ratio [%] 100:35)

TH NMR (500 MHz, DMSO-d8) ppm = 9.08 (s, 1H),
8.56 (dd, J=4.6, 1.4, 1H), 7.92 (dd, J=8.1, 1.4, 1H),
7.64 -7.£9 (m, 2H), 7.54 - 7.49 (m, 2H), 7.40 -
7.34 (m, 2H), 7.22-7.17 {m, 1H), 6.21 (s, TH),
6.18 - 8.09 (m, 1H), 3.81-3.73 (m, 4H), 3.48 -
3.40 (m, 4H)

43

6-{[2-Chioro-4-fluoro-5-
(7-morpholin-4-yl-
quinazolin-4-yl)phenyl}-
hydroxymethyl}-
pyridazine-3-carboxylic
acid methylamide

MS: 531.2/533.2 (M+Na*)
(Cl isotopy, rel. peak
intensity ratio {%] 100:39)

1H NMR (500 MHz, DMSO-d6) ppm = 9.14 (q,
J=4.7,1H), 9.1 (s, 1H), 8.19 (d, J=8.7, 1H), 7.99
(d. J=8.7, 1H), 7.87 (d, J=7.7, 1H), 7.69 (d, J=9.5,
1H), 7.58 - 7.51 (m, 2H), 7.22 - 7.19 (m, 1H), 6.84
(s, 1H), 6.42 (s, 1H), 3.80 - 3.76 (m, 4H), 3.47 -
3.42 (m, 4H), 2.85 (d, J=4.7, 3H)

44

6-{[2-Chluro-4-fluoro-5-
(7-morpholin-4-yl-
quinazolin-4-yl)phenyl}-
hydroxymethyl}-2-
methyl-2H-pyridazin-3-
one (Ena 2)

MS: 482.0/484.1 (M+H*)
(Clisotopy, rel. peak
intensity ratio [%] 100:35)
Rt 5.91min, (SFC,
Chiralcel QJ-H, CO2/ 20%
by vol. of methanol, 0.5%
by vol. of diethylamine)

1H NMR (500 MHz, DMSO-d6) ppm = 9.12 (s, 1H),
7.93 (d, J=7.7, 1H), 7.68 (d, J=9.5. 1H), 7.61 -
7.52 (m, 2H), 7.48 (d, J=9.6, 1H), 7.21(d, J=2.4,
1H), 6.9 (d, J=9.6, 1H), 6.80 (d, J=4.8, 1H), 5.89
(d, J=¢.8 1H). 3.80 - 3.75 (m, 4H), 3.59 (s, 3H),
3.48 - 3.23 (m, 4H)

45

OH i

6-{[2-Chloro-4-fluoro-5-
(7-morpholin-4-yl-
quinazolia-4-yl)phenyl}-
hydroxyr:ethyl}-2-
methyl-214-pyridazin-3-
one (Ena 1}

MS: 482.1/484.1 (M+H*)
(Cl isotopy, rel. peak
intensity ratio [%]100:35) )
Rt 4.10min, (SFC,

1H NMR /500 MHz, DMSO-d6) ppm = 9.12 (s, 1H),
7.93 (¢, J=7.7, 1H), 7.68 (d, J=9.5, 1H), 7.60 -
7.52 (m, 2H), 7.48 (d, J=9.6. 1H), 7.21 (d, J=2.4,
1H), 6.93 (4, J=9.6, 1H), 6.60 (d, J=4.9, 1H), 5.89
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Chiralcel OJ-H, CO2/ 20%
by vol. of methanol, 0.5%
by vol. of diethylamine)

(d. J=4.8_1H), 3.81-3.75 (m, 4H), 3.59 (s, 3H),
3.48 - 3.2 (m, 4H)

OR ?I

[2-Chloro-4-fluoro-5-(7-
morptolin-4-yi-
quinazolin-4-yhphenyll-  C C B
(5-methyipyridazin-3-
yl)methanoi

46 ;
: o
1H NMR (500 MHz, DMSO-d6) ppm = 9.11 (s, 1H).
. . 19.00(d, v=2.0, 1H), 7.87 (d, J=7.7, 1H), 7.67 (d,
%?:4?8"“49?-2};‘“; Na") | j=9.5, 1r), 7.63- 7.61 (m, 1H), 7.58 (dd, J=9.4,
( O e 5o | 3.3, 1H), 7.63 (dd, J=0.5, 2.5, 1H), 721 (d, J=2.4,
intensity ratio [%] 100:32) | 441y "6 655 (d, J=4.9, 1H), 6.28 (d, J=4.9, 1H), 3.80
-3.75 (m. 4H), 3.48 - 3.42 (m, 4H), 2.32 (s, 3H)
[2-Chloro-4-fluoro-5-(7-
morpholin-4-yl-
quinazolin-4-yl)phenyll- | © A A
pyridazin-3-ylmethanol
L 47
1H NMR (500 MHz, DMSO-d6) ppm = 9.16 - 9.12
, sy | (M TH), 9.12-9.09 (m, 1H), 7.91-7.86 (m, 1H),
?"C?'is‘f;’z”“f’j‘gk“) 7.81-7.77 (m, 1H), 7.73-7.65 (m, 2H), 7.61 -
o .topy't.e;,/p 100-39) | 7:56 (M, 1¥), 7.85-7.51 (m, 1H), 7.23-7.19 (m,
ensity ratio [%] 100:39) | 411y s 71 -6.69 (m, 1H), 6.34 - 6.30 (m, 1H), 3.8
-3.75 (m 4H), 3.48 - 3.42 (m, 4H)
oH F
~ AN
S [2,4-Difluoro-5-(7-
N7 i °F morpholin-4-yl- B B R
MN quinazolin-4-ylyphenyl]-
)|\/i\ ) pyridazin-3-ylmethanol
AL
48 (Y N
O\/)
1H NMR (500 MHz, DMSO-d6) ppm = 9.14 (dd,
J=4.9,1.6, 1H), 9.10 (s, 1H), 7.86 (dd, J=8 5, 1.5,
. N 1H), 7.8% (, J=8.1, 1H), 7.72 (dd, J=8.5, 4.9, 1H),
MS: 436.2 (M+H") 7.58 - 7.51 (m, 2H), 7.46 (t, J=10.1, 1H), 7.20 (d,
J=2.3,1F), 6.66 (d, J=4.9, 1H), 6.26 (d, J=4.9,
1H), 3.87 - 3.75 (m, 4H), 3.45 (t, J=4.9, 4H)
(6-Chlorc-pyridazin-3-
y)-[2,4-difluoro-5-(7-
: morpholin-4-yi- A B A
49 quinazolin-4-yl)phenyl]-
methano}

MS: 470.1/471.1 (M+H*)
{Cl isotopy, rel. peak
intensity ratio [%] 100:35)

TH NMR /500 MHz, DMSO-d6) ppm = 9.10 (s, 1H),
7.98-7.61{m, 2H), 7.82 (t, J=8.1, 1H), 7.58 - 7.51
(m, 2H), 7.47 (t, J=10.1, 1H), 7.20 (d, J=2.3, 1H),
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6.78 (d, 0=4.9, 1H), 6.26 (d, J=4.6, 1H), 3.82-
3.74 (m, 4H), 3.48 - 3.41 (m, 4H).

6-{[2-Chliro-4-fluoro-5-
{7-morpholin-4-yl-
quinazolin-4-yl)phenyi}- c

hydroxymethyl}- b A
pyridazin=2-3-carboxylic
| 50 acid dimethylamide
1H NMR (500 MHz, chioroform-d) ppm = 9.15 (s,
. N 1H), 7.86(d, J=8.7, 1H), 7.79 (d, J=7 .4, 1H), 7.65
?’g’; >23.215052 (MHH) | (g, J=8.7 1H), 7.56 (dd, J=9.3, 33, TH). 7.36 (d.
inténsityr:‘é‘tio ['%F,)] 100:35) J=9.0, 1H), 7.27 (d, J=2.5, 1H), 7.22(d, J=2.5,
' 1H), 6.54 (s, 1H), 4.99 (s, 1H), 3.92 - 3.87 (m,
4H), 3.40 - 3.42 (m, 4H), 3.22 (s, 3H), 3.19 (s, 3H)
[2,4-Difluoro-5-(7-
morpholin-4-yl-
guinazolin-1-y)phenyi]- | A A B
imidazo[,2-bjpyridazin-
B-yImethunol
51 ‘
1H NMR {530 MHz, DMSO-d8) ppm = 9.12 (s, 1H),
8.26 (s, 1H), 8.12 (d. J=9.5, 1H), 7.92 (t, J=8.1,
. " 1H), 7.77 (s, 1H), 7.61-7.51 (m, 2H), 7.48 (i,
MS: 475.2 (M+H") J=10.1, 1H), 7.35 (d, J=9.5, 1H), 7.21(d, J=2.4,
1H), 6.75(d, J=4.9, 1H), 6.10(d, J=4.7, 1H), 3.78
(t, J=4.8, 4H), 3.45 (1. J=4.9, 4H))
OH
N S
/l:/ Y [4-Fluoro-3-(7-
X = morpholin-d-yi-
o Ny - holin-d-yt
' quinazolin-4-yl)phenyl]- | B C A
\)N (5-methoxy-pyrazin-2-
‘ — yhmethano! (Ena 1)
.Y |/\N N
o_J
1H NMR (500 MHz, DMSO-d6) ppm = 9.09 (s, 1H),
. " 8.39-8.58 (m, 1H), 8.23 (d, J=1.3, 1H), 7.66 -
!;AGS:] 54:_’?62 ((HMI:FC)‘ZR:( 7.61 (m, 2H), 7.55-7.50 (m, 2H), 7.40-7.35 (m,
Chiralcel OJ-H m(!-:‘thano!) 1H), 7.2% -7.18 (m, 1H), 6.30 (d, J=4.4, 1H), 5.88
; {d, J=£.4 1H), 3.89 (s, 3H), 3.80-3.75 (m, 4H),
3.46 - 3.£2 (m, 4H)
OH
N
z T N 1 [4-Fluoro-3-(7-
No Sy s morpholiti-4-yl-
quinazolin-4-yl)phenyl}- | B C A
53 N (5-metho ¢y -pyrazin-2-
‘/\N N) yhmethatio: (Ena 2)
0

MS: 448.2 (M+H*); R
19.06 min, (HPLC, 2 x
Chiralcel OJ-H, methanol)

1H NVR {600 MHz, DMSO-d6) ppm = 9.09 (s, 1H),
8.39 - 8.38 (m, 1H), 8.23 (d, J=1.3, 1H), 7.66 -
7.61(m, 2F), 7.55 - 7.50 (m, 2H), 7.40 - 7.35 (m.,
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1H), 7.21-7.18 (m, 1H), 8.30 (d, J=4.4, 1H), 5.88
(d, J=4.4 1H), 3.89 (s, 3H), 3.80-3.75 (m, 4H),

3.46 - 3.42 (m, 4H)

(3-Chlorc-pyrazin-2-yl}-
[4-fluoro-3<(7-
morptolin-d-yi-
quinazolia-4-yl)phenyl}-
methano!

54
o
1H NMR (530 MHz, DMSO-d8) ppm = 9.09 (s, 1H),

X . 8.69 (d, .=2.4, 1H), 8.46 (d, J=2.4, 1H), 7.67 -
??:?isﬁiz'”?if’ '19(211:}-’) 7.63 (m, 2H), 7.54 -7.52 (m, 2H). 7.43 - 7.37 (m,
ensit pr{;-ﬁo [;/p 100:35) | 1), 720-7.19 (m, 1H), 8.39(d, J=5.7 1H), 623

y o} 100: (d, J=5.7 1H), 3.79- 3.76 (m, 4H), 3.46 - 3.42 (m,
4H)
o cl
I S ; | x 8-{{2-Chluro-4-fluoro-5-
o N {7-morpholin-4-yl-
T:\N E/CF guénazolina;ygphenyf]- A
ydroxymethyl(}-
)‘i\/( JN pyridazins-3-carboxylic
55 N S \N acid
6\/'
1H NMR (500 MHz, DMSO-d6) ppm = 13.30 (s,

, . 1H), 9.1 (s, 1H), 8.21(d, J=8.7, 1H), 7.99 (d,
?"C?'is‘ﬁg""‘f‘e?'o )| J=87, 1k, 7.87(d, J=76, 1H), 7.71 (d, J=9.5,
tensit "%’tio [;,/p] 100:36) | 1H). 7.85 (qd, J=9.4, 2.7, 2H), 720 (d, J=2.3, 1H),

y ol 1O 7.08-6.66 (m, 1H), 6.42 (s, 1H). 3.80 - 3.75 (m,
4H), 5.49 - 3.44 (m, 4H)
?H Cl
JNTN TS [2-Chloro-4-fluoro-5-(7-
N ’!\/KF mqrpholi‘rl-4~yl-
i quinazolin-4-yl)phenyl]- Cc
= I/ N imidazo[t,2-blpyridazin-
PN N \N' 6-ylmethanol (Ena 2)
]
o
56
MS: 491.1/493.1 (M+H*)
(Cl isotopy, rel. peak
intensity ratio [%] 100:34),
Rt 13.59mln (SFC see racemate
Chiralpak AD-H, CO-/
40% by vol. of methanol,
0.5% by vol. cf
diethylamine)
oH f
[2-Chloro-4-fluoro-5-(7-
morpholir-4-yl-
57 quinazolin-4-yl)phenyl}- C

imidazo[1,2-b]pyridazin-
6-ylmethanol (Ena 1)

MS: 491.1/493.1 (M+H"

see raceraate
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(Cl isotopy, rel. peak
intensity ratio [%] 100:36);
R: 3.87min (SFC,
Chiraipak AD-H, COz/
40% by vol. of methanol,
0.5% by vol. of
diethylamine)

58

6-{[2-Chloro-4-fluoro-5-
(7-morpholin-4-yl-
quinazolin-4-yl)phenyl}- B8 c
hydroxyniezhyl}-
pyridazina-3-carboxylic
acid methyl ester

MS: 510.1/512.1 (M+H*)
(Cl isotopy, rel. peak
intensity ratio [%] 100:33)

TH NMR (500 MHz, DMSO-d6) ppm = 9.11 (s, 1H),
8.23 (d, ¢=8.7, 1H), 8.01(d, J=8.7, 1H), 7.86 (d,
J=7.6, 1H), 7.70 (d, J=9.5, 1H), 7.55 (qd, J=9.4,
2.8, 2H), 720 (d, J=2.4, 1H), 6.94 - 6.81 (m, 1H),
6.42 (s, 1H), 3.94 (s, 3H), 3.81-3.75 (m, 4H),
3.48 - 3.42 (m, 4H)

59

N
o =

S

Q

/4

8-{[2-Chinro-4-fluoro-5-
{7-morphalin-4-yl-
quinazolin-4-yl}phenyl]-
hydroxymethyl}-2-
methyi-214-pyridazin-3-
one

MS: 482.1/484.1 (M+H*)
(Cl isotopy, rel. peak
intensity ratio [%] 100:45)

1t NMR (500 MHz. DMSO-d6) ppm = 9.12 (s, 1H),
7.92 (d, v=7.7, 1H), 7.68 (d, J=9.5, 1H), 7.59 (dd,
J=9.4,3.1, 1H), 7.55 (dd, J=9.4, 2.5, 1H), 7.49 (d,
J=9.6, 1H), 7.21 (d, J=2.4, 1H), 6.95 (d, J=9.6,
1H), 6.68 (d, J=4.8, 1H), 5.90 (d. J=3.6, 1H), 3.80
-3.77 {m, 4H), 3.61 - 3.58 (m, 3H), 3.45 (s, 4H)

60

[4-Fluoro-3-(7-
morpholin-4-yl-
quinazolin-4-yl)phenyl]- | C B B
(5-methoxypyrazin-2-
ylmethanoi

MS: 448.2 (M+H*)

1H NMR (500 MHz, DMSO-d6) ppm = 9.09 (s, 1H),
8.39 - 8.28 (m, 1H), 8.23 (d, J=1.3, 1H), 7.66 -
7.61 (r, 2H), 7.55 - 7.50 (m, 2H), 7.40 - 7.35 (m,
1H), 7.2% -7.18 (m, 1H), 6.30 (d, J=4.4, 1H), 5.88
(d, J=4.4. 1H), 3.89 (s, 3H), 3.80 - 3.75 (m, 4H),
3.46 - 3.42 (m, 4H)
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OH
JC
SN0 W Z o

[4-methoxy-3-(7-

o morpholin-4-yl-
quinazolin-4-yl)phenyl}- | D D A
XN {5-mehoxypyrazin-2-
[Ymetharnioi
(\N N/ Y) !
61 O\)
1H NMR {500 MHz, DMSO-d6) ppm = 9.04 (s, 1H),
8.36 -8.25 (m, 1H), 8.20(d, J=1.4, 1H), 7.53 (dd,
, J=8.6,2.3, 1H), 7.44 (dd, J=9.4, 2.5, 1H), 7.38 (d,
MS: 460.2 (M+H") J=9.4, 1H), 7.35(d, J=2.2, 1H), 7.17 (d, J=8.6,
1H), 7.14(d, J=2.5, 1H), 6.13(d, J=4.4, 1H), 5.79
: (d. J=4.4 1H), 3.88 (s, 3H), 3.79-3.75 (m, 4H),
3.66 (s, 3H), 3.43 - 3.38 (m, 4H)
6-{{2-Chloro-4-fluoro-5-
(7-morpholin-4-yl-
quinazolin-4-yl)phenyi]-
hydroxymethyl}- B B A
pyridazine-3-carboxylic
62 acid amide
1H NMR (500 MHz, DMSO-d6) ppm = 9.11 (s, 1H),
, . 8.49 (s, 1H), 8.20(d, J=8.7, 1H), 8.00 (d, J=87,
i (Moisﬁg'1’4i7!‘1é':; HY 1 4H), 7.91 - 7.85 (m. 2H), 7.69 (d, J=9.5, 1H), 7.59
A [;,/p] f00:35) | =751 (m 2H), 7.21(d, J=2.2, 1H), 6.84(d, J=5.0,
y ’ : 1H), €.42(d, J=5.0, 1H), 3.80-3.75 (m, 4H), 3.48
-3.42 (m 4H)
[2-Chloro-4 -fluoro-5-(7-
morpholiit-4-yi-
quinazolin-4-yl)phenyl}- | A B C
imidazo[1,2-b]pyridazin-
8-ylmethanal
{ 63
1H NMR (500 MHz, DMSO-d6) ppm = 9.13 (s. 1H),
8.27 -8.25 (m, 1H), 8.11(dd, J=89.4, 0.7, 1H), 8.00
MS: 491.1/493.1 (M+H*) (d, J=7.7, 1H), 7.77 (d, J=1.2, 1H), 7.70 (d, J=9.5,
(Cl isotopy, rel. peak 1H), 7.61(dd, J=9.4, 3.3, 1H), 7.55 (dd, J=9.4, 2.5,
intensity ratio [%] 100:38) | 1H), 7.30 (d, J=9.5, 1H), 7.22 (d, J=2.5, 1H), 6.81
(d. J=4.5, 1H), 6.15 (d, J=4.2, 1H), 3.81-3.75 (m,
4H), 3.48 - 3.44 (m, 4H)
[2-Chloro-4 fluoro-5-(7-
morpholin-4-yl-
guinazolin-4-yliphenyll- ! B A c
(3-chloropyrazin-2-yl)-
64 methanol
MS: 486.1/488.1/490.0 1H NMR {500 MHz, DMSOQ-d6) ppm = 9.14 (s, 1H),
(M+H") (Cl2 isotopy, rel. 8.61 (d, J=2.4, 1H), 8.49 (d, J=2.4, 1H), 8.00 (d,

peak intensity ratio [%)]
100:63:11)

J=7.7,1F), 766 (d, J=8.5, 1H), 7.64 - 7.55 (m,
2H), 722 (4, J=2.4, 1H), 6.70 (d, J=6.0, 1H), 6.42
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[ (d, J=6.0 1H), 3.87-3.76 (m, 4H), 3.49 - 3.44 (m,
4H)
H
7 A
o [4-Fluoro -3-(7-
-~ / - -
N F morpholin-4-yi-
; . C B A
NNy qumazohn«i—yi)phenyll—
; | i pyridazin-3-ylmethanol
AN
65 & N
o

TH NMR (500 MHz, DMSO-d6) ppm = 9.12 (dd,
J=4.9, 1.7, 1H), 9.09 (s, 1H), 7.83 (dd, J=8.6, 1.7,
1H), 7.72-7.65 (m, 3H), 7.52 - 7.49 (m, 2H), 7.42
-7.37(m, 1H), 7.21-7.18 (m, 1H), 6.56 (d, J=4.3,
1H), 6.12-6.09 (m, 1H), 3.80 - 3.75 (m, 4H), 3.46
-3.41(m 4H)

{4-Fluoro-3-(7-
morpholin-4-yl-
quinazolin-4-yhphenyl]- | C D A
(b-methoxypyrimidin-2-
yhmethano! (Ena 2)

66
) . 1H NMR (500 MHz, DMSO-d6) ppm = 9.09 (s, 1H),
MS: 448.1 (M+H"); Ry 8.53 (s, 2H), 7.70-7.63 (m, 2H), 7.52 (s, 2H).
53.23 min, (HPLC, - - A
Chiralpak AD-H. sthanof) | /40732 (m, 1H). 7.22-7.15 (m. 1H). 6.06 (d,
' J=5.5, 1K), 5.86 (d, J=5.5, 1H), 3.89 (s, 3H), 3.79
mmmmm -3.76 (m. 4H), 3.45 - 3.43 (m, 4H)
QH
N
[4-Fluoro -3~(7-
T F
o AN ay morpholin-4-yl-
| quinazolin-4-yl)phenyl]- | C C A
/C(L\\T {5-methoxypyrimidin-2-
Ymethanoi (Ena 1)
67 N N y
(IJ/\
_ o TH NMR (500 MHz, DMSO-d6) ppm = 9.09 (s, 1H),
2458-}.3?,3’; ((Alﬂ;tlg R 8.53 (s, 2H), 7.70-7.63 (m, 2H), 7.52 (s, 2H),
Chiralpak AD-H. athanol) | 7-40-7-232 (m, 1H), 7.22-7.15(m, 1H), 6.06 (d,
' J=5.5, 1H), 6.86 (d, J=5.5, 1H). 3.89 (s, 3H), 3.79
-3.76 ‘m_4H), 3.45-3.43 (m, 4H)
(6-Dimethylamino-
. \ - pyridazin -3-yl)-[4-fluoro-
[ 3-(7-morpholin-4-yl- B c A
Y quinazolin-4-yl)phenyl]-
68 l/\r?' N) methanol

MS: 461.2 (M+H")

1H NMR 500 MHz, DMSO-d6) ppm = 9.09 (s, 1H),
7.65-7.66 {m, 2H), 7.55-7.48 (m, 2H), 7.43-
7.34(m, 28), 7.24-7.17 (m, 1H), 7.07 (d, J=8.4,
1H), 6.2V (d, J=4.4, 1H), 5.93(d, J=4.4, 1H), 3.81
-3.75(m 4H). 3.47 - 3.41 (m, 4H), 3.06 (s, 6H)
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?H
| S | o~ [4-Fiuoro -3-(7-
e A morpholii i-a-yl-
| quinazoli1-4-yhphenyl]- | B A
I \I SN (5-methoxypyrimidin-2-
| 69 A /\/\() yhmethano:
, > \
| o
1H NMR (500 MHz, DMSO-d6) ppm = 9.09 (s, 1H),
8.53 (s, 2H), 7.70 - 7.63 (m. 2H), 7.52 (s, 2H),
MS: 448.1 (M+H") 7.40-7.22 (m, 1H), 7.22-7.15 (m, 1H), 6.06 (d,
J=5.5, 1H), 5.86 (d, J=5.5, 1H), 3.89 (s, 3H), 3.79
-3.76 (M. 4H), 3.45 - 3.43 (m, 4H)
OH
Z [4-Fluoro-3-(7-
Xy, N - morpholin-d-yl-
quinazolin-J-yi)phenyi}- | B A
1 NN (6-methy pyridazin-3-
70 (\N P N) ylimethano
| o,
1H NMR (500 MHz, DMSO-d6) ppm = 9.09 (s, 1H),
7.72-7.61(m, 3H), 7.58 - 7.47 (m, 3H), 7.43 -
MS: 432.1 (Mi+H") 7.33 (m, 1H), 7.22-7.16 {m, 1H), 6.50 (d, J=4.0,
1H), 6.07 (d, J=3.8, 1H), 3.77 (1, J=5.9, 3.8, 4H),
3.44 (t, J#4.9, 4H), 2.58 (s, 3H)
?.‘-1
/E/Y\C; (R)-[4-FlLoro-3-(7-
Ny A /‘\F morpholin-4-yl-
v quinazoliy-d4-yhiphenyl]- | A A
I/ SN (6-methoxypyridazin-3-
/;\/‘ /) yl)methano!
(\N N
RS
MS: 448.1 (M+H"); Ry 1H NMR (500 MHz, DMSO-d6) ppm = 9.08 (s, 1H),
24.02 min, (SFC, Chiralcel | 7 70 (4, =9 2, 1H), 7.66 - 7.61 (m, 2H), 7.53 -
OJ-H, CO2/ 15% by vol. of | 750 (m, 2H), 7.42-7.37 (m, 1H), 7.22-7.19 (m,
2-propanol, 0.5% by vol. | oH), €.48 (4, J=4.4, 1H), 6.02 (d, J=4.4, 1H), 4.00
of diethylamine) (s. 3H}, 3.80-3.75 (m. 4H). 3.46 - 3.41 (m, 4H)
OH
i (S)-{4-Fiuoro-3-(7-
o M - morpholin-4-yl-
) quinazolin-4-yhphenyl]- | A A
\)N {6-methoxypyridazin-3-
= ylymethano,
72 & N
0
MS: 448.1 (M+H*); Ry 1H NMR {530 MHz, DMSO-d6) ppm = 9.09 (s, 1H),
1910 min, (SFC, Chiralcel | 7,69 (q, J=0.2, 1H), 7.66 - 7.61 (m, 2H), 7.53 -
OJ-H, 002/153’0by vol. of | 7 50 (m, 2h), 7.41-7.37 (m, 1H), 7.21 - 7.19 (m,
2-propanol, 0.5% by vol. | o1y 6.41 (4, J=4.4, 1H), 6.02 (d, J=4.4, 1H), 4.00
of diethylamine) (s, 3H), 3.79 - 3.76 (m, 4H), 3.46 - 3.42 (m, 4H)
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4-{2-Fluoro-5-[methoxy-
(6-methoxy-pyridazin-3-

ylimethyliphenyi}-7- B B A
morpholii-4-yl-
quinazoline
173
, TH NMR (500 MHz, DMSO-d6) ppm = 9.10 (s, 1H),
I 7.69 (d, 2=9.1, 1H), 7.65-7.61(m, 2H), 7.54 -
, . 7.48 (m, 2H), 7.45-7.40 (m, 1H), 7.23 (d, J=9.2,
: MS: 462.1 (M+H") 1H), 7.2% - 7.19 (m, 1H), 5.71 (s, 1H), 4.01 (s,
; 3H), 3.80-3.75 (m, 4H), 3.47 - 3.41 (m, 4H), 3.36
(s, 3H)
[4-Fluoro-3-(7-
morpholiin-4-yl-
quinazolin-4-yl)phenyl}- | A A A
(6-methoxypyridazin-3-
74 yhmethano:
|
1H NMR (400 MHz, DMSO-d6) ppm = 9.09 (s. 1H),
7.69 {d, /=9.2, 1H), 7.67 -7.61 (m, 2H), 7.54 -
7.48 {m, 2H), 7.42-7.36 (m, 1H), 7.22-7.17 (m,
2H), 6.5° -6.45 (m, 1H), 6.04 - 6.00 (m, 1H), 4.00
(s, 3H), 3.80-3.74 (m, 4H), 3.47 - 3.41(m, 4H)
oH
6-({4-Fluora-3-[7-(3-
oxa-8-aza-bicyclo-
[3.2.1]0ct-8-yl)- b A
quinazolin-<-yliphenyl}-
hydroxymethyl)-2H-
pyridazin-3-one
175
TH NMR {500 MHz, DMSO-d6) ppm = 12.88 -
12.84 (m, 1H), 9.04 (s, 1H), 7.63-7.57 (m, 2H),
7.50 - 7.45 (m, 2H), 7.44 - 7.38 (m, 2H), 7.14 (d,
MS: 460.1 (M+H*) J=2.4,1k), 6.87 (dd, J=8.8, 2.2, 1H), 6.42 (d,
J=4.4,1F), 568 -564 (m, 1H), 4.55-4.46 (m,
2H), 3.69 (d, J=10.9, 2H), 3.54 (d, J=10.4, 2H),
2.09 - 1.64 (m, 4H)
OH
Zy 6-{[4-Fluaro-3-(7-
e NN morpholin-4-yi-
H quinazolin-4-yl)phenyll- | A B A
] Ny N hydroxymethyl}-2H-
ridazin -3 Ena 2
76 K\N/\//)\N/) Py one (Ena 2)
0
. N 1H NMR 490 MHz, DMSO-d6) ppm = 12.86 (s,
2“63 434.1 (M+H"); Ry 1H), €.10 (s, 1H), 7.64 - 7.58 (m, 2H), 7.55 - 7.50
a ,7: min, (SFC, Chiralcel | (m 2H), 7.48 (d, J=9.8, 1H), 7.45 - 7.38 (m, 1H),
J-H, CO2/15% by vol. gf 7.23-7.18 (m. 1H), 6.87 (d. J=9.8, 1H), 6.44 (d,
methanol, 0.5% by vol. of | j=4.3, 1F), 5.70 - 5.62 (m, 1H), 3.81-3.74 (m,
diethylamin) 4H), 3.47 - 3.41 (m, 4H)
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Ena 1 fo this compound :
Example 367

Cl OH

(3-Chlore-5-fluoro-
pyridin-4-yh)-{4-fluoro-3-

(7-morpholin-4-yi- B A Cc
quinazolin-4-yl)phenyl}-
77 methanoi
1H NMR (500 MHz, DMSO-d6) ppm = 9.10 (s, tH),
MS: 469.1/471.1 (M+H*) 8.58 - 8.53 (m, 2H), 7.65-7.56 (m, 2H), 7.56 -
(Clisotopy, rel. peak 7.47 (m, 2H), 7.46-7.38 (m, 1H), 7.23-7.17 (m,
-3.75(m, 4H), 3.47 - 3.41 (m, 4H)
[4-Fiuoro-3-(7-
morpholit-4-yl-
guinazolin-4-yhphenyl]- | B A B
(3-methy*pyrazin-2-yl)-
i 78 methanoi
1H NMR (400 MHz, DMSO-d6) ppm = 9.09 (s, 1H),
8.43 (s, 2H), 7.63-7.55(m, 2H), 7.55 - 7.50 (m,
MS: 432.2 (M+H") 2H), 7.4 -7.34 (m, 1H), 7.22-7.17 (m, 1H), 6.28
(d, J=5.5, 1H), 6.08 (d, J=5.4, 1H), 3.81-3.74 (m,
4H), 3.48 - 3.40 (m, 4H), 2.58 - 2.53 (m, 3H)
N
o =
,|\ ! (5-Ethoxypyridazin-3-
N% F y)-[4-flucro-3~(7-
l morpholin-4-yl- D C B
“ 1N guinazolia-4-yl)phenyl}-
79 P Xy ) methanol
o
1H NMR (500 MHz, DMSO-d6) ppm = 9.09 (s, 1H),
8.84 (d, J=2.9, 1H), 7.72 - 7.66 (m, 2H), 7.52 - 7.49
‘ ) {m, 2k), 7.41 - 7.36 (m, 1H), 7.30 (d, J=2.9, 1H),
MS: 462.1 (M+H?) 7.21-7.18 (m, 1H), 8.52 (d, J=4.5, 1H), 6.04 (d,
J=4.5, 1K), 4.26 - 4.16 (m, 2H), 3.81 - 3.74 (m, 4H),
3.48 - 3.40 (m, 4H), 1.34 (£, J=6.9, 3H).
[4-Fluoro-3-(7-
morpholii-d-yi-
guinazolir-4-yl)-
phenyil-(3-trifluoro- B B A
80 methylpy-idin-2-yl}-

methano

MS: 485.2 (M+H*)

TH NMR (530 MHz, DMSO-d6) ppm = 9.10 (s, 1H),
8.90 - 8.65 (m, 1H), 8.20 (dd, J=8.1, 1.6, 1H), 7.63
(dd, J=6.9, 2.3, 1H), 7.60 - 7.51 (m, 4H), 7.38 (dd,
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J=9.9, 8.3, 1H), 7.21-7.18 (m, 1H), 6.32 (d,
J=6.3, 1H), 6.12 (d, J=6.0, 1H), 3.81 -3.74 (m,
4H), 3.47 - 3.41 (m, 4H).
(3-Difluotornethoxy-
pyridin-2-yi)-[4-fluoro-
3-(7-morpholin-4-yl- A A A
quinazolin-4-yl)-
81 phenyllmethanol
1H NMR (500 MHz, DMSO-dB) ppm = 9.09 (s, 1H),
8.46 (dd, J=4.6, 1.3, 1H), 7.67-7.64 (m, 1H), 7.62
MS: 483.2 (M+H") -7.57 (m, 2H), 7.54 -7.49 (m, 2H), 7.42 (dd,
J=8.3,4.8, 1H), 7.40-7.10 (m, 3H), 6.14-6.07
(m, 2H), 3.81-3.75 (m, 4H), 3.47 - 3.41 (m, 4H).
(8)-{4-Fluoro-3-(7-
morpholin-d-yl-
quinazolin-4-yl)- C B A
pheny]-(3-methyl-
pyrazin-z-ylymethanol
82
! MS: 432.2 (M+H%) ; ); Ry 1H NMR (500 MHz, DMSO-d8) ppm = 9.10 (s, 1H),
12.50min (SFC, ChiralPak | 8.44 (s, 2H), 7.64-7.51 (m, 4H), 7.44-7.35 (m,
AD-H, CO2/ 25% by val. 1H), 7.20 (s, 1H), 6.31(d, J=5.5, 1H), 6.09 (d,
of 2-propanol, 0.5% by J=5.4, 1), 3.81-3.74 (m, 4H), 3.48-3.40 (m.
vol. of diethylamine) 4H), 2.56 (s, 3H).
: (R)-[4-Fluoro-3-(7-
morpholin-4-yi-
i quinazolin-4-yl)- A A A
phenyl}-(3-methyl-
| g3 pyrazin-2-ylymethanol
MS: 4321 (M+HY ; Ry 1H NMR (400 MHz, DMSO-d8) ppm = 3.09 (s, 1H),
19.51min (SFC, ChiralPak | 8.43 (s, 2H), 7.63-7.49 (m, 4H), 7.43-7.34 (m,
AD-H, CO2/ 25% by vol. 1H), 7.19 (s, 1H), 6.28 (d, J=5.5, 1H), 6.08 (d,
of 2-propanol, 0.5% by J=5.4, 1H), 3.82 - 3.73 (m, 4H), 3.48 - 3.40 (m,
vo!. of diethylamine) 4H), 255 (s, 3H).
'\1 , [2,4-Difluoro-5+(7-
; K&N E morpholin-4-yl-
: quinazoli y--yl)- B A B
84 phenyll-(3-methyl-
pyrazin-2-y:)methanol
(\N N
o)
MS: 450.2 (M+H*) 1H NMR {530 MHz, DMSO-d8) ppm = 9.12 (s, 1H),
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i 8.45 (d, /=2.5, 1H), 8.39 (dd, J=2.5, 0.8, 1H), 7.89
(t, J=8.2, 1H), 7.61 (dd, J=9.4, 3.2, 1H), 7.56 (dd,
J=9.4,25 1H), 7.40 (t, J=10.1, iH), 7.21 (4,
J=2.4, 1H), 6.39-6.35 (m, 1H), 6.27 (s, 1H), 3.81
-3.75(m, 4H), 3.49-3.43 (m, 4H), 2.67 (s, 3H).
. OH F
|
N)\_/*\ N [2,4-Difluoro-5-(7-
L/il | _ morpholin-4-yl-
F quinazolin-4-yl)- B
PN phenyl]-(3-methyl-
N A
m pyrazin-z-ylymethanol
85 N N (Ena 1)
)
MS: 450.2 (M+H*) ; Ry
3.45min (SFC, ChiralPak
AD-H, COz/ 30% by vol. | See recemate
of methanol, 0.5% by vol.
of diethylamine)
[ OH F
|
N [2,4-Difluoro-5-(7-
| morpholin-4-yl-
! F quinazolin-4-yl)- A
{ phenyl]-(3-methyl-
pyrazin-z2-yhimethanol
86 Pt N (Ena 2)
r:)
MS: 450.2 (M+HY) ; R
5.60min (SFC, ChiralPak
AD-H, COz/ 25% by vol. | Seeracemate
of methanol, 0.5% by vol.
of diethylamine)
o o
H\\)\ [4-Fluoro-3+(7-
Nl g‘ morpholin--yl-
~F F quinazolin-4-yl)- 5
phenyll-(3-methoxy-
: f \' \j\i pyrimidin-4-yl)-
87 AN methanoi
!/\N N
o}
1H NMR (400 MHz, DMSO-d6) ppm = 9.11 (s, 1H),
8.82 (s, 1H), 8.58 (s, 1H), 7.67 - 7.61 (m, 2H),
. ‘ 7.55-7.52 (m, 2H), 7.41-7.34 (m, 1H), 7.23 -
MS: 448.1 (M+H") 7.19 (m, 1H), 6.13 (d, J=6.1, 1H), 6.07 (d, J=8.2,
1H), 3.95 (s, 3H), 3.83-3.76 (m, 4H), 3.49-3.42
(m, 4H).
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[2,4-Diflunra-5-(7-
morptiolin-2-yi-

quinazolin-3-yl})- A A B
phenyl]-(3,6-dimethyl-
pyrazin-2-y;ymethanol

88
1H NMR (400 MHz, DMSO-d6) ppm = 8.13 (s, 1H),
8.35 (s, 1H), 7.88 (t, J=8.2, 1H), 7.61 (dd, J=9.4,
3.0, 1H), 7.56 (dd, J=9.5, 2.5, 1H), 7.42 (t, J=10.2,
MS: 464.2 (M+H) 1H), 7.23(d, J=2.4, 1H), 6.31(d, J=5.9, 1H), 6.22
(d, J=5.6. 1H), 3.85-3.75 (m, 4H), 3.51 -3.43 (m,
4H), 2.58 (s, 3H), 2.40 (s, 3H).
[2-Chlorc-5-(7-
morptolin-d-yl-
quinazolin-4-yl)- B A C
phenyljthieno{3,2-d}-
pyrimidin-4-yimethanol
89
1H NMR (500 MHz, DMSO-d6) ppm = 9.06 (s, 1H),
9.04 (s, 1H), 8.47 (d, J=5.6, 1H), 7.89(d, J=2.1,
MS: 490.1/492.1 (M+H") 1H), 7.76 (d, J=9.4, 1H). 7.73(dd, J=8.2, 2.2, 1H),
(Cl isotopy, rel. peak 7.69 (d, +=8.2, 1H), 7.62 (d, J=5.8, 1H), 7.47 (dd,
intensity ratio [%] 100:43) | 479.6, 2.5, 1H), 7.20-7.16 (m, 2H), 6.47 (d,
J=4.9, 1H), 3.81-3.74 (m, 4H), 3.47 - 3.39 (m,
4H).
— OH F
s
| ~ [2,4-Dflusro-5-(7-
N N F morpholin-4-yl-
| quinazolin-4-yl)- A A A
N phenyi]thieno[2,3-d}-
90 (\N . P pyrimidin-4-ylmethanol
o
1H NMR (500 MHz, DMSO-d6) ppm = 9.07 (s, 1H),
9.05 (s, 1H1, 847 (d, J=5.6. 1H), 7.76 (t, J=8.0,
MS: 492.2 (M+H*) 1H), 7.6" (d, J=5.6, 1H), 7.55-7.46 (m, 3H), 7.20
-7.17 (m 2H), 6.32 (d, J=4.7, 1H), 3.81 - 3.74 (m.,
4H), 3.47-3.41 (m, 4H).
| H
O X B-{[4-Fluorc-3-(7-
\\ 1 ”/\;L morpholin-4-yl-
F quinazolia-d-yt)- A A A
~ ‘)§\' phenyllhydioxy-
91 1 )‘ methyl}-1-methyl-1H-
NN W pyridin-2-one

MS: 447 2 (M+H")

TH NMR 7530 MHz, DMSO-d6) ppm = 9.10 (s, 1H),
7.60 - 7.6 (m, 2H), 7.55-7.51 (m, 2H), 7.48 -
7.43 (m, 1H), 7.40 (dd, J=9.1, 6.9, 1H), 7.21-7.19
| (m, 1H), 5.52 (d, J=5.3, 1H), 6.36 (dd, J=9.1, 1.4,
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T 1H), 6.25 (dd, J=7.0, 1.4, 1H), 5.94 (d, J=5.1, 1H),
| 3.80-3.75 (m, 4H), 3.47 - 3.41 (m, 4H), 3.38 (s,
[ 3H).

EXAMPLES 92 and 93:

3-[[2-Chloro-4-fluoro-5-(7-morpholinylquinazolin-4 -yl)phenyljhydroxymethyl]- 1 H-pyridazin-6-
one (92)
6-{[2-Chloro-4-fluoro-5-(7-morpholin-4-ylguinazolin-4-yl)phenyllhydroxymethyl}-2-ethyl-2H-
pyridazin-3-one (93)

KOH, DMSO
i 26,1t

UC‘%

H,0,, K,CO,4
CH,CN, Tt 5 1
(83%)

QO —

. ‘ NaH,
o h F 3-hydroxypropionitrile
-————————
SN gioxane, £t 1h (36%)
/)
o N

NaBH,, MeOH
vL ri., 1h (52%)

0PN F

F lodoethane, DIPEA

J DMF, rt. 8 h (97%) m
i b -

O‘i\) Example 92 0\) E:xample 93

[2-Chloro-4-fluoro-5-(7-morpholinylquinazolin-4-yI-phenyl]-(6-chloropyridazin-3-yl)metha-
none, starting from 2,6-dichloropyridazine and 2-[:2-chioro-4-fluoro-5-(7-morpholinylquinazo-

lin-4-yl)phenyljacetonitrile, and 3-[[2-chioro-4-fluot o-5-(7-morpholinylquinazolin-4-yl)phenyl]-
hydroxymethyi]-1H-pyridazin-6-one (EXAMPLE 92) were prepared analogously to the syn-
thetic processes described under EXAMPLES “ and 2.
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Preparation of 3-[2-chloro-4-fluoro-5-(7-morpholinylquinazolin-4-yl)henzoyl}-1H-pyridazin-6-
one from [2-chloro-4-fluoro-5-(7-morpholinyiquinazeolin-4-yl)phenyl]-(6-chloropyridazin-3-yl)-
methanone:

[2-Chloro-4-fluoro-5-(7-morpholinylquinazolin-4-ylsphenyll-(6-chloropyridazin-3-ylymethanone
(2.0 g, 4.13 mmol) was dissolved in 1,4-dioxane (8C ml, max. 0.005% of water) under an
argon atmosphere. 3-Hydroxypropionitrile (570 ul mi, 8.27 mmol) and sodium hydride (60%
dispersion in paraffin oil) (215 mg; 5.37 mmol) we-e subsequently added (evolution of gas).
The reaction mixture was siirred at room tempera‘ure for 2 h. After termination of the reac-
tion, the mixture was carefuily diluted with water (100 mi) and neutralised using hydrochloric
acid (1.0 M). The aqueous phase was subsequenily exiracted twice with ethyl acetate

(200 ml in each case). The combined organic phases were washed with saturated sodium
chioride solution, subsequently dried over sodium sulfate, filtered and evaporated to dryness
in a rotary evaporator. The residue was purified by means of flash column chromatography
(dichloromethane / 0-10% by vol. of ethanol, CombiFiash Rf 200), giving 3-[2-chloro-4-fluoro-
5-(7-morpholinylquinazolin-4-yl)benzoyl]- 1H-pyridazin-6-one (895 mg, 1.47 mmol, MS:
466.1/468.1 [M+H"]), 36% vyield) as solid.

Preparation of 8-{[2-chloro-4-fluoro-5-(7-morpholin-4-ylquinazolin-4-yl)phenyllhydroxy-
methyl}-2-ethyl-2H-pyridazin-3-one (EXAMPLE 9%) from 3-[[2-chloro-4-fluoro-5-(7-morpho-
linylquinazolin-4-yl)phenyilhydroxymethyi]-1H-pyridazin-6-one (EXAMPLE 92):

3-[{2-Chloro-4-fluoro-5-(7-morpholinylquinazolin-4-yl)phenyl]hydroxymethyl]-1H-pyridazin-6-
one (150 mg; 0.316 mmol) was dissolved in N,N-cimethylformamide (5.0 ml). lodoethane
(52 ul, 0.632 mmol) and potassium carbonate (132 mg, 0.947 mmol) were subsequently
added. The reaction mixture was stirred at room temperature for 6 h. After termination of the
reaction, the mixture was decanted off onto water (100 mi}). The aqueous phase was subse-
quently extracted twice with ethyl acetate (100 ml in each case). The combined organic
phases were rinsed with water (40 m!), subsequently dried over sodium sulfate, filtered us
evaporated to dryness in vacuo. The residue was suspended in acetone and filtered off with
suction. The filter cake was dried at room temperature in a high vacuum, giving 8-{[2-chloro-
4-fluoro-5-(7-morpholin-4-ylquinazolin-4-yl)pheny!‘hydroxymethyl}-2-ethyl-2H-pyridazin-3-one
(EXAMPLE 93, 157 mg, 0.31 mmol, MS: 496.1/4¢8.1 [M+H*], 97% vyield) as solid.

Compounds which were prepared in accordance with EXAMPLE 93 can be found in Table 2
below.
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Table 2 Compounds of the formula (1)

Ki
ICs0 1Cso0 [Kv1.11
No. | Structural formula Name DNA- pDNA- hERG]
PK PK I
3-[[2-Chloro-4-iluoro-5-
{7-morpholino-
quinazolin-4-yhphenyl]-
hydroxymethyl]-1H- A A A
pyridazin-8-cne
92
1H NMR (40 MHz, DMSO-d6) ppm = 12.89 (d,
J=2.4, 1H), 9.72 (s, 1H), 7.92(d, J=7.7, 1H), 7.68
MS: 468.1/470.0 (M+H*) | (4, J=9.5, 1H), 7.59-7.55 (m, 2H), 7.53 (d, J=9.8,
(Clisotopy, rel. peak 1H), 7.21(d J=2.2, 1H), 6.90 (dd, J=9.8, 2.3, 1H),
intensity ratio [%] 100:38) | .61 (d, J=5.1, 1H), 5.89 (d, J=5.1, 1H), 3.81-3.76
(m, 4H), 3.43 - 3.44 (m, 4H)
OH Cli
Lo
NTS 6-{[2-Chloro-4-fluoro-5-
GPNF . (7-morpholin -4-yl-
| quinazolin-4-yl)phenyl]- | B A C
: XN hydroxymethyD-2-ethyl-
~ /| P /) 2H-pyridazin-3-one
93 | (N N
LN
1H NMR (50 MHz, DMSO-d6) ppm = 9.13 (s, 1H),
| 7.94(d, J=7.7, 1H), 7.68 (d, J=9.5, 1H), 7.59-7.52
MS: 496.1/498.1 (M+H*) | (m, 2H), 7.46 (d, J=9.6, 1H), 7.22 (d, J=2.3, 1H),
(Clisotopy, rel. peak 8.92 (d, J=9.5, 1H), 6.81(d, J=4.8, 1H), 5.80 (d,
intensity ratio (%] 100:41) | y=4.8, 1H), 4.08 - 3.95 (m, 2H), 3.81 - 3.74 (m, 4H),
3.49 - 3.41 (rn, 4H), 1.20 (t, J=7.2, 3H)
2-(2-Amino-ethyl)-6-{[2-
Chioro-4-flucro-5-(7-
morpholin-4-yli-
quinazolin-4-ylyphenyll- C D A
hydroxymethyti-2H-
94 pyridazin-3-cne:
1H NMR (500 MHz, DMSO-d6) ppm = 9.13 (s, 1H),
, o | 7.94(d, J=7.7, 1H), 7.68 (d, J=9.5, 1H), 7.60-7.52
?ﬂc?'issol;bgi;?ig; H") (m, 2H), 7.43(d, J=9.7, 1H), 7.21(d, J=2.2, 1H),
intensity ratio %] 100:38) | £:94 (0, 4=9.3, H), 6.72 - 6.57 (m, 1H). 5.91 (s,

1H), 4.10-2.95 (m, 2H), 3.82 - 3.73 (m, 4H), 3.48 -
3.43 (m, 4H) 2.88 (t, J=6.6, 2H)

PCT/EP2014/001236
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8-{[2-Chloro-4-fluoro-5-
(7-morpholin-4-y}-
quinazolin-4-yI:phenyl}-
hydroxymethyl’-2- c B A
cyclopropyl-2H-
95 pyridazin-3-cne
j 1H NMR (400 MHz, Methylenchiorid-d2) ppm = 9.04
. . (s, 1H), 7.71 (d, J=7.6, 1H), 7.49 (dd, J=9.3, 3.5,
?é?‘isieg'wsge?j g‘a"‘:’H ) L H), 7.26-7.20 (m, 2H), 7.18-7.14 (m, 2H). 6.74
mtensityﬁ’;}io [%p] T00:38) | (0 J=9.6. 1H). 5.97 (s, TH). 4.03-3.94 (m, TH)
' 3.82-3.74 (1n, 4H), 3.39-3.31 (m, 4H), 0.98-0.82
(m, 4H)
6{[2-Chioro-¢-fluoro-5-
(7-morpholin-4-yi-
quinazolir-4-yl}phenyl}- c B A
hydroxymethyl}-2-ethyl-
2H-pyridazin-3-one
(Ena 2)
| 26
; MS: 496.2/498.1 (M+H?*)
(Cl isotopy, rel. peak
; intensity ratio [%]
: 100:34); Ry 4.58min see racemate
(SFC, Chiracel OJ-H,
CO2/20% by vol. of
methanol, 0.5% by vol. of
diethylamine) .
L oH Gl
AN 8-{[2-Chloro-4-fluoro-5-
)\ P (7-morpholin-4-yl-
Q guinazolin-4-ylyphenyl]- A B A
hydroxymethyl}-2-ethyl-
2H-pyridazin-3-one
'/\N (Ena 1)
97 |©
MS: 496.2/498.1 (M+H*)
5 {Cl isotopy, rel. peak
intensity ratio [%]
10036), Rt 3.00min see racemate
: {SFC, Chiracel OJ-H,
CO2/20% by vol. of
methanol, 0.5% by vol. of
diethylamine)
2-(3-{f2-Chioro-4-
fluoro-5-(7-m:orpholin-
: 4-ylquinazolin-4-yl)-
98 phenyllhydrexymethyi}- B b A
I TSN 6-0x0-6H-pyridazin-1-
l//\N _ N,/ yhacetamide
0
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MS: 525.1/527.1 (M+H?*)
(Cl isotopy, rel. peak
intensity ratio [%] 100:36)

TH NMR (500 WMHz, DMSO-d6) ppm = 9.12 (s, 1H),
7.93 (d, J=7.7, 1H), 7.67 (d, J=9.5, 1H), 7.58 (dd,
J=0.4, 3.0, 1+), 7.53 (dd, J=9.5, 2.5, 1H), 7.51 -
7.44 (m, 2H) 7.21(d, J=2.4, 1H). 7.15 (s, 1H),
6.94 (d, J=9.5, 1H), 6.62 (d, J=4.8, 1H), 5.89 (d,

J=4.8, 1H), :L61-4.51 (m, 2H), 3.81-3.75 (m, 4H),
3.48 - 3.42 (im, 4H) ‘

| |
Hoj oH Ci | ! :
{ : [
N 6-{[2-Chloro-4-fluoro-5- I
/'f = i N {7-morpholin-4-yl- !
' g F N e | quinazolir-4-yliphenyl}- | l

hydroxymetryi}-2-(2- §B

hydroxy-ethyl)-2H- ! |
pyridazin-3-cne
99 v i |

] I,

TH NMR (800 [MHz, DMSO-d6) pprn = 9.13 (s, 1H),
7.94 (d, J=7.7, 1H), 7.68 (d, J=9.5, 1H), 7.60 - 7.52
(m, 2H), 7.46(d, J=0.6, 1H), 7.22 (d, J=2.3, 1H),
{Clisotopy, rel. peak 6.92 (d, J=9.6, 1H), 6.61 (d, J=4.8, 1H), 5.90 (d,
intensity ratio [%] 100:38) | J=4.8, 1H), 4.7Y5 (1, J=5.8, 1H), 4.11-4.00 {(m, 2Hj},
: 3.82 -3.74 (1n, 4H), 3.65(q, J=6.2, 2H), 3.49-3.42
L (m, 4H)

MS: 512.2/5614.2 (M+H*)

EXAMPLE 100:

[2-Chioro-4-fluoro-5-(7-morpholin-4-yiguinazolin-4-yl)phenyl]-[6-(oxetan-3-yloxy)pyridazin-3-
yllmethano! (100)

0 o
= S OH 2
oL o oL
Ci/[\N’ F 0 0”7 TN
| NN NaH, dioxane
r.t., 30 min (39%)
l/’\N/l\/kl.\',/ i/’\,N.
! b
{
OoH ¢l !
NaB A, McOH
o\ / | rL, 1 h (84%)
\)\ N /N e —— |
o} F
7Ny SN
N \J/)
|
o)
EXAMPLE 100

[2-Chloro-4-fluoro-5-(7-morpholin-4-ylquinazolin-4 -yf)phenyl}-(6-chloropyridazin-3-yl)metha-
none (700 mg, 1.30 mmol) and oxetan-3-ol (112 myg, 1.43 mmol) were initially introduced
dissolved in 1,4-dioxane (25 ml, max. 0.005% of viater) under an argon atmosphere. Sodium

hydride (60% dispersion in paraffin oil, 62 mg, 1.53 mmol) was subsequently added (evolu-
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tion of gas). The reaction mixture was stirred at room temperature for 30 min. After termina-
tion of the reaction, the mixture was carefully diuted with water (80 ml) and neutralised using
hydrochloric acid (1.0 M). The aqueous phase was subsequently extracted twice with ethyl
acetate (80 ml in each case). The combined organic phases were rinsed with water (20 mi),
subsequently dried over sodium sulfate, filtered and evaporated to dryness in a rotary evapo-
rator. The residue was purified by means of flash column chromatography (dichloromethane /
0-10% by vol. of ethanol, CombiFlash Rf 200), giving [2-chloro-4-fluoro-5-(7-maorpholin-4-yl-
quinazolin-4-yl)phenyl}-[6-(oxetan-3-yloxy)pyridazin-3-yljmethanone (264 mg, 0.506 mmol,
522.2 [M+H"]), 39% yield) as solid.

[2-Chloro-4-fluoro-5-(7-morphalin-4-ylquinazolin-4 -yl)phenyl]-[6-(oxetan-3-yloxy)pyridazin-3-
ylimethanol (EXAMPLE 100) was prepared analogously to the synthetic process described
under EXAMPLES 1 and 2 starting from [2-chloro-4-fluoro-5-(7-morpholin-4-ylquinazolin-4-
yl)phenyl]-[6-(oxetan-3-yloxy)pyridazin-3-yllmethanone.

Compounds which were prepared in accordance with EXAMPLE 100 can be found in Table 3
below.

Table 3: Compounds of the formula (1)

— —
? ICso | ICs Ki
No. | Structural formula Name DNA- | pDNA- | [Kvt.11

PK PK hERG]

o = ] %—Chlorg-~?—f[ior?-5-
N -morpholin-4-yl-

NS F quinazolin-4-yl)-

W phenyl}-[€-(oxetan-3-

/“\)\ ) yloxy)pyridazin-3-yl}-
(\N N methanol

\_/

100 o)
1H NMR (500 MHz, DMSO-d6) ppm = 9.11 (s,
1H), 7.91(d, J=7.7, 1H), 7.77 (d, J=9.2, 1H),
MS: 524.2/526.1 (M+H*) (Cl 7.66 (d, J=8.4, 1H), 7.81-7.51 (m, 2H), 7.32
isotopy, rel. peak intensity ratio | (d. J=9.2. TH), 7.21(d, J=2.3, 1H), 6.83 (d,
[%] 100:39) J=4.8, “H), 6.22 (d, J=4.8, 1H). 5.69 (p, J=5.7,
1H), 4.94 - 4.87 (m, 2H), 4.62 - 4.56 {m, 2H),
3.80-23.76 (m, 4H), 3.48 - 3.43 (m, 4H)
T j'\ 2-(6-412-Chioro-4
-(6~{[2-Chloro-4-
| ml N fluoro-&-(7-
! N Y NN morphalin-4-yi-
N7 quinazclin-4-yl)- A A C
101 N
Y ? phenyllaydroxy-
_/\.4/"\/\&// methyl}oyr?dazin-S-
(1) \/; yloxy)propionitrile

1H NMR (500 MHz, DMSO-d6) ppm = 9.12 (d,
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MS: 521.2/623.2 (M+H*) (Cl
isotopy, rel. peak intensity ratio
[%] 100:39)

J=2.7, iH), 7.93 (ad, J=11.2, 7.7, 1H), 7.84 (dd,
J=16.3,92, 1H), 7.70 - 7.85 (m, 1H), 7.63 -
7.57 (r, “H), 7.57 - 7.51 (m, 1H),
J=9.1, 3.5, 1H), 7.21(d, J=2.4, 1H), 6.71 (dd,
J=10.3, 5.0, 1H), 6.28 (dd, J=9.5, 6.0, 1H), 5.95
-5.87 (m, 1H), 3.81-3.74 (m, 4H), 3.48 -3.42

(m, 4H>, 1.76 - 1.70 (m, 3H)

7.38 {dd,

2-(6-{[2-Chloro-4-

fluoro-£-(7-
morphc lin-4-yl-
quinazalin-4-yl)-
phenyllaydroxy- A A B
methyl}pyridazin-3-
yloxy)propioniirile
102 (eluate 1)
MS: 543.0/545.0 (M+Na*) (CI
isotopy, rel. peak intensity ratio
[%] 100:35); Rt 4.09min (SFC, | sge also diastereomer mixture
Chiralpak AS-H, CO2/20% by
vol. of methanol, 0.5% by vol. of
diethylamine)
oH Gl 2~(6-{ [2-Chloro-4-
R NG, | X fluoror;f-(?— l
i morphclin-4-yl-
//!-\o S SN quinazolin-4-yl)-
NZ . D D A
NN phenyllaydroxy-
N Lo
i ) methyl}pyridazin-3-
N NN yloxy)p-opionitrile
103 o (eluate 3)
MS: 521.1/523.1 (M+H*) (Cl
isotopy, rel. peak intensity ratio
[%] 100:38) ; Rt 6.68min (SFC, | see also diastereomer mixture
Chiralpak AS-H, C0O2/20% by
vol. of methanol, 0.5% by vol. of
diethylamine)
2-(8~[2-Chloro-4-
fluoro-&-(7-
morphclin-4-yl-
quinazalin-4-y!)-
phenyljhydroxy- © B B

104

methyl}pyridazin-3-
yloxy)propionitrile
(eluate 2)

MS: 521.1/523.1 (M+H*) (CI
isotopy. rel. peak intensity ratio
[%] 100:35}); Rt 5.12min (SFC,
Chiralpak AS-H, CO2/20% by
vol. of methanol, 0.5% by vol. of
diethylamine)

see also diastereomer mixture
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2-(3-{[4-fluoro-3~(7-
morphaolin-4-yl-
quinazolin-4-yl)- c
phenyllhydroxy-
methyl}pyrazin-2-yi-
oxy)ethanol

105

TH NMR (500 MHz, DMSO-d6) ppm = 9.09 (s,
1H), 8.19 (d, J=2.8, 1H), 8.12 (d, J=2.8, 1H),
7.70-7.64 (m, 2H), 7.54 - 7.51 (m, 2H), 7.38 -
MS: 478.2 (M+H*) 7.33(m, 1H), 7.21-7.19 (m, 1H), 6.14 (d.,
J=5.9, 1H), 6.00 (d, J=6.0, 1H), 4.86 (t, J=5.7,
1H), 4.34 - 4.30 (m, 2H), 3.80 - 3.75 (m, 4H),
3.74 - 2.69 (m, 2H), 3.46 - 3.42 (m, 4H)

2-(3~{[4-fluoro-3~(7-
morpholin-4-yl-
quinazolin-4-yl)-
phenylihydroxy-
methyl}pyrazin-2-yl-

106 amino)ethanol

1H NMR (500 MHz, DMSO-d6) ppm = 9.09 (s,
1H), 7.91 (d, J=2.7, 1H), 7.67 (d, J=2.8, 1H),

. . 7.63-7.58 (m. 2H), 7.55 - 7.49 (m. 2H), 7.41 -
MS: 477.1 (M+H") 7.35 (v, iH), 7.20 (d, J=2.0, 1H), 6.82 - 6.75
(m, 2H), 5.91 (d, J=4.2, 1H). 474 (t, J=5.1, TH),
3.82-3.73 (m, 4H), 3.60 - 3.45 (m, 8H)

3-(6-{[2-Chloro-4-
fluoro-£-(7-
morphclin-4-yi-
quinazolin-4-yl)- B B A
phenyllhydroxy-
methyl}pyridazin-3-yi-

107 oxy)propionitrile

TH NMR (500 MHz, DMSO0-d6) ppm = 9.12 (s,
1H), 7.95 (d, J=7.7, 1H), 7.67 (d, J=9.5, 1H),

MS: 521.2/523.2 (M+H*) (CI 7.59 (dd, J=9.4, 3.2, 1H), 7.55 - 7.49 (m, 2H),
isotopy, rel. peak intensity ratio | 7.21(d, J=2.4, 1H), 6.99 (d, J=9.6, 1H), 6.67
[%] 100:39) (d, J=4.9, 1H), 5.92(d, J=4.9, 1H), 4.31-4.17

(m, 2H), 3.81-3.75 (m, 4H), 3.49 - 3.42 (m,
4H), 2.39 - 2.88 (m, 2H)
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[2-Chloro-4-fluoro-5-
(7-morpholin-4-yi-
quinazolin-4-yl)- B
phenyl]-(6-methyl-
sulfany pyridazin-3-

108 yhmethariol
TH NMR (500 MHz, DMSO-d6) ppm = 9.12 (s,
, 1H), 7.90 (d, J=7.7, 1H), 7.68 (d. J=9.5, 1H),
MS: 498.1/500.1 (M+H") (Cl 1} 7 a5 5 60 (m, 2H), 7.60 - 7.56 (m, 1H). 7.54
isotopy, rel. peak intensity ratio | 44”109 4 5.5 1H), 7.21 (d, J=2.4, 1H), 6.68
[%]100:47) (s, 1H), 6.25 (s, 1H), 3.80 - 3.76 (m, 4H), 3.47
- 3.43 (m, 4H), 2.61 (s, 3H)
[2-Chloro-4-fluoro-5-
(7-morpholin-4-y!-
quinazolin-4-yh)-
phenyl]-(6-methoxy- e C A
4-methylpyridazin-3-
109 yhmethanol
TH NMR (500 MHz, DMSO-06) ppm = 9.14 (s,
, e 1H), 7.6 (d, J=7.8, 1H), 7.67 - 7.61 (m, 2H),
MS: 518.2/520.2 (M+Na") (C1 4 7 53 17529 4 26, 1H), 7.23 (d, J=2.5, 1H),
isotopy, rel. peak intensity ratio {7 44y y21 1, 1H), 6.42 (d. J=6.4, 1H), 6.25
(%] 100:38) (d, =63, 1H), 3.96 (s, 3H), 3.82-3.75 (m,
AH), 3.50 - 3.42 (m, 4H), 2.49 - 2.46 (m, 3H)
[2-Chloso-4-fluoro-5-
(7-morpholin-4-yl-
quinazolin-4-yl)-
phenyl]-(6-methoxy- c B C
5-methylpyridazin-3-
110 yl)metharnol
TH NMR (500 MHz, DMSO-d6) ppm = 9.12 (s,
, 1H), 7.91 (d, J=7.8, 1H), 7.66 (d. J=9.6, 1H),
MS: 496.1/488.1 (M+H") (Cl ) 7 50 (44 y=0.4 3.3 1H), 7.56 - 7.52 (m, 2H),
liotopy, rel. peak intensity ratio 7.21(d. J=2.4, 1H), 6.54 (d. J=4.9, 1H), 6.18
(%] 100:38) (d. J=4.9, 1H), 4.02 (s, 3H). 3.80 - 3.75 (m,
4H), 3.46 - 3.43 (m, 4H), 2.17 (d, J=1.0, 3H)
OH (Pl
L 2-(6-{[2-Chloro-4-
(\-ﬂ/ [ fluora-£-(7-
H N AN N F morphclin-4-yl-
\g/\ N F quinazolin-4-yl)- B C A
5/\/ Sy phenylJnydroxy-
LA methyl}oyridazin-3-
111 Y N yloxy)acetamide

MS: 625.2/627.2 (M+H*) (CI
isotopy, rel. peak intensity ratio
[%] 100:34)

TH NMR (500 MHz, DMSO-d6) ppm = 9.12 (s,
1H), 7.92 (d, J=7.7, 1H), 7.74 (d, J=9.1, 1H),
7.66(d. J=9.5, 1H), 7.59 (dd. J=9.4. 3.3, 1H),
7.57-7.48 (m, 2H), 7.27 (d, J=9.1, 1H), 7.23 -
7.16 (m, 2H), 6.63 (d, J=5.0, 1H), 6.23 (d,
J=5.0, “H), 4.81 (s, 2H), 3.81 - 3.75 (m, 4H),
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3.46 - 2.43 (m, 4H)

112

[2-Chloro-4-fluoro-5-
(7-morpholin-4-yl-
quinazolin-4-yl)-
phenyl]-[6-(2- A B B
methoxyethoxy)-
pyridazin-3-yl}-
methanol

MS: 526.2/528.3 M+H*) (Cl
isotopy, rel. peak intensity ratio
[%] 100:38)

TH NMR (500 MHz, DMSO-d6) ppm = 9.12 (s,
1H), 7.91 (d, J=7.7, 1H), 7.69 (d, J=9.2, TH),
7.67 (d. J=9.5, 1H). 7.59 (dd, J=9.4, 3.3, 1H),
7.54 (dd, J=9.5, 2.5, 1H), 7.25-7.19 (m, 2H),
6.61 (d J=5.0, 1H), 6.23 (d, J=5.0, 1H), 4.54 -
4.50 (, 2H), 3.80 - 3.75 (m, 4H), 3.71 - 3.67
(m, 2H), 3.48 - 3.43 (m, 4H), 3.29 (s, 3H)

113

(6-{[2-Chloro-4-
fluoro-5-(7-
morghain-4-yl-
quinazolin-4-yl)- B D A
phenylihydroxy-
methyl}pyridazin-3-yl-
oxy)acetic acid

MS: 526.2/528.1 (M+H*) (Ct
isotopy, rel. peak intensity ratio
[%] 100:39)

TH NMR {500 MHz, DMSO-d6) ppm = 12.91 (s.
1H), 9.12 (s, 1H), 7.92(d, J=7.7, 1H). 7.75 (d,
J=9.1, tH), 7.66 (d, J=9.5, 1H), 7.59 (dd, J=9.4,
3.3, 1H), 7.54 (dd, J=9.5, 2.5, 1H), 7.31 (d,
J=9.1, 1H), 7.21 (d, J=2.4, 1H), 6.66 (s, 1H),
6.23 (s, 1H), 4.97 (s, 2H), 3.81-3.75 (m, 4H),
3.48 - £.43 (m, 4H)

114

A
/

i

/0\,]/\0 '\N/N
i
G

H

AN

A s
|/\N 2
o)

(6-{[2-C hioro-4-
fluoro-£-(7-
morphclin-4-yi-
quinazolin-4-yl)-
phenylfaydroxy-
methyl}pyridazin-3-yl-
oxy)acetic acid
methyl 2ster

MS: 540.2/542.2 (M+H*) (Ci
isotopy, rel. peak intensity ratio
[%] 100:38)

1H NMR {500 MHz, DMSO-d6) ppm = 8.12 (s,
1H), 7.92 (d, J=7.7, 1H), 7.77 (d, J=9.1, TH),
7.67(d, J=9.5, 1H), 7.59 (dd, J=9.3, 3.2, 1H),
7.57-7.51(m, 1H), 7.35(d., J=9.1, 1H), 7.23 -
7.49 (m, 1H), 6.62 (s, 1H), 6.23 (s, 1H), 5.07
(s, 2H), 3.81-3.75 (m, 4H), 3.67 (s, 3H), 3.49
- 3.44 (in, 4H)

115

[2-Chloso-4-fluoro-5-
{7-morpholin-4-yl-
quinazclin-4-yi)-
phenyl] {6-(2,2,2- B B o
trifluorosthoxy)-
pyridaz n-3-yl]-
methanoi

MS: 550.2/652.1 (M+H*) (Ci
isotopy, rel. peak intensity ratio

TH NMR (600 MHz, DMSO-d6) ppm = 9.11 (s,
1H), 7.91(d, J=7.7, 1H), 7.81 (d, J=9.2, 1H),
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[%] 100:40)

7.66 (d. J=9.5, 1H), 7.60 - 7.52 (m, 2H), 7.41
(d, J=9.1, 1H), 7.20 (d, J=2.3, 1H), 6.72 (d,
J=5.0, H), 6.26 (d, J=4.5, 1H), 5.22 - 5.08 (m,
2H), 3.80 - 3.75 (m, 4H), 3.47 - 3.43 (m, 4H)

L 116

2-(6-{[2-Chloro-4-
fluoro-&-(7-
moraholin-4-yi-
guinazolin-4-yl)- A B A
phenyl]aydroxy-
methyl}pyridazin-3-yi-
oxy)ethanaol

MS: 512.2/514.1 (M+H*) (CI
isotopy, rel. peak intensity ratio
[%] 100:38)

1H NMR (500 MHz, DMSO-d6) ppm = 9.12 (s,
1H), 7.91(d, J=7.7, 1H), 7.71 - 7.64 (m, 2H),
7.61-7.51(m, 2H), 7.23-7.17 (m, 2H), 6.60
{d, J=56.0, 1H), 6.22 (d, J=5.0. 1H), 4.84 (t,
J=5.5, 1H), 444 -4.39 (m, 2H), 3.81-3.76 (m,
4H), 3.74 (q, J=5.4, 2H), 3.48 - 3.43 (m, 4H)

117

(3-Amino-pyrazin-2-

yh)-[2-chloro-4-fluoro-
5-(7-morpholin-4-yl- B B B
quinazolin-4-yl)-
phenyllmethanol

MS: 467.1/469.1 (M+H*) (CI
isotopy. rel. peak intensity ratio
[%] 100:34)

1H NMR (400 MHz, DMSO-d6) ppm = 9.14 (s,
1H), 7.91 (d, J=7.8, 1H), 7.87 (d, J=2.7, 1H),
7.67-7.55 (m, 4H), 7.21 (d, J=2.5, 1H), 6.41
(s, 3H), 6.09 (s, TH), 3.81-3.75 (m, 4H), 3.50
- 3.45 (m, 4H)

118

N
N//-/\N/

)
£

<:\__ /Z
\ -

6-{[2-Chloro-4-fluoro-
5-(7-morpholin-4-y|-
quinazolin-4-yl)-
phenyllhydroxy-
methyl}pyridazine-3-
carbonitrile

MS: 477.0/479.1 (M+H*) (Cl
isotopy, rel. peak intensity ratio
[%] 100:41)

TH NMR {500 MHz, DMSO-d6) ppm = 9.11 (s,
1H), 8.36 (d, J=8.7, 1H), 8.13 (d, J=8.7, 1H),
7.86 (d, J=7.6, 1H), 7.71(d, J=9.5, 1H), 7.55
(ad, J=9.4, 2.7, 2H), 7.21(d, J=2.3, 1H), 6.96
(d, J=4.9, 1H), 6.43(d, J=4.9, 1H). 3.80-3.76
(m, 4H), 3.48 - 3.43 (M, 4H)

119

(6-{[2-Chloro-4-
fluoro-£-(7-
morphclir-4-yi-
quinazalin-4-yl)- A A B
phenyl]aydroxy-
methyl}pyridazin-3-yi-
oxy)acetonitrile

MS: 507.1/509.1 (M+H*) (CI

isotopy, rel. peak intensity ratio
[%] 100:35)

1H NMR (400 MHz, DMSO-d6) ppm = 9.12 (s,
1H), 7.93 (d, J=7.7, 1H), 7.85 (d, J=9.2, 1H),
7.67(d, J=9.5, 1H), 7.60 (dd, J=9.4, 3.3, 1H),

PCT/EP2014/001236




10

15

20

WO 2014/183850 -73- PCT/EP2014/001236

7.54 (dd, J=9.4, 2.5, 1H), 7.40 (d, J=9.1, 1H),
7.21(d J=2.4, 1H), 6.72 (d, J=5.0, 1H), 6.28
(d, J=4.8, 1H), 5.38 (s. 2H), 3.81 - 3.75 (m,
4H), 3.48 - 3.42 (m, 4H)

EXAMPLES 120, 121 and 122:

[2,4-Difluoro-5-(7-morpholin-4-ylquinazolin-4-yl)pt:enyl]-(4-methoxyphenyl)methanol
(EXAMPLE 120)

0 E OH F
MgBr
o _
+ —_— P
\O I - THF ~0 =
Br Br

5-Bromo-2,4-difluorobenzaldehyde (280 mg, 1.27 mmoal} in dry tetrahydrofuran (10 mi) was
initially intfroduced in a three-necked flask with internal thermometer, protective-gas inlet,
septum and stirrer bar which had been dried by heating. 4-Methoxyphenylmagnesium bro-
mide (1 M in THF, 1.39 ml, 1.39 mmol) was slowly added dropwise at 5°C, and the reaction
solution was stirred at room temperature for 18 h. With water (20 ml) was subsequently add-
ed to the reaction solution. The phases were seperated, and the aqueous phase was
extracted twice with ethyl acetate (20 ml). The cornbined organic phases were washed with
water, dried over sodium sulfate, filtered and evay orated to dryness in a rotary evaporator,
giving (5-bromo-2 4-difluorophenyl)-(4-methoxyphenylymethanol (530 mg, 1.61 mmol, MS:
353 [M+H"]} as oily crude product, which was used without further purification for the next
synthesis step. |
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H F
OH F o, 0
3B
Jd o ] ~
O O ~o Z e
\O ¢ Dioxane, (Cy,P},PdCl,
' B
q/ ~o

KOAc, argon
Br

Gl
OH F ,//Ofg
NS A

~0 O O £ O\/I PdClx(dppf) dioxane,

aqueous Na,CO; solution,
argan
2 N {overall yield 16%)

I
]/\Iil > NJ
o)
~ EXAMPLE 120
Starting from (5-bromo-2,4-difluorophenyl)-(4-methoxyphenylimethanol. [2,4-difluoro-5-(7-
morpholin-4-ylquinazolin-4-yliphenyl]-(4-methoxyphsnyl)methanol (EXAMPLE 120) was pre-
pared analogously to the synthetic processes deszribed under EXAMPLES 1 and 2.

(6-Diflucromethoxypyridazin-3-yl)-[4-fluoro-3-(7-mor pholin-4-ylquinazolin-4-yl)phenyl}-
methanol (EXAMPLE 121)
X
F @]
cl K
= | 00 OH F | N
—— -
H {(22%)

LG

]

8-Chloro-2H-pyridazin-3-one (844 mg, 7.23 mmol; and diflucro(fluorosulfonyl)acetic acid
(1.42 g, 7.96 mmol) were dissolved in acetonitrile (19 mi) in a vessel with stirrer bar and
stirred at room temperature for 40 h. The reaction solution was then diluted with ethyl acetate
(150 ml) and washed successively with water, saturated sodium hydrogencarbonate solution
and again with water. The organic phase was dried using sodium sulfate, filtered and evapo-
rated to dryness in a rotary evaporator. The residue was taken up in cyclohexane, re-fiitered,
and the solvent was removed in a rotary evaporator. The residue obtained was purified by
means of flash column chromatography (gradient cyclohexane/0-50% by vol. of ethyl ace-
tate, CombiFlash Rf 200). The suitable product fractions were combined, and the solvents
were removed in a rotary evaporator, giving 3-chloro-6-(difluoromethoxy)pyridazine (285 mag,
1.58 mmol, MS: 181.0/183.1[M+H"}), 22% vyield) as colouriess liquid.




15

20

25

30

WO 2014/183850 -80 - PCT/EP2014/001236

N
i'l il
F ¢ KOH
S A T T o L0
a
oo 2 (14%) Ao F
Br Br

Potassium hydroxide powder (603 mg, 10.75 mmol) was suspended in dry N,N-dimethyi-
formamide (2 ml) in a glass vessel with stirrer bar and stirred at room temperature for 30 min.
(3-Bromo-4-fluorophenylacetonitrile (1.0 g. 4.67 rarnol), dissolved in N,N'-dimethylformamide
(1.3 ml), was subsequently added dropwise. The reaction mixture was stirred at room tem-
perature for a further 30 min. (5-Bromo-2,4-difluorophenyl)-(4-methoxyphenyl)methanol

(506 mg, 2.80 mmol) was then added in portions 1o the reaction mixture and stirred at 50°C
for 2 h under an oxygen-free argon protective-gas atmosphere. The reaction mixture was
added to a mixture of water (50 ml) and saturated sodium chloride solution (35 ml) and
extracted twice with ethyl acetate. The combined organic phases were dried over sodium
sulfate, filtered and evaporated to dryness in a rotary evaporator. The residue was purified by
means of RP column chromatography (gradient water/acetonitrite with 0.1% by vol. of formic
acid, CombiFlash Rf 200). The suitable product fractions were combined, and the solvents
were removed in a rotary evaporator, giving (3-bromo-4-fluorophenyi)-(6-difluoromethoxy-
pyridazin-3-yl)acetonitrile (146 mg, 0.41 mmol, M$: 358.0/360.0[M+H*], 14% vyield) as liquid.
2-(3-Bromo-4-fluocrophenyl)-2-(6-chloropyridazin-Z-yl)acetonitrile is formed as by-product.

l o
- \ KOtBu, H,0, = X
| CH,CN _N
F)\O Nz e (79%) e N "

Br
Br

(3-Bromo-4-flucrophenyl)-(8-diflucromethoxypyridazin-3-yl)acetonitrile (146 mg, 0.41 mmol)
was dissolved in dry acetonitrile (4 ml). Potassium tert-butoxide (43.6 mg, 0.388 mmol) was
subsequently added. and the reaction mixture was stirred at room temperature for 25 min.
The reaction solution was then cooled to 0°C in an ice bath, hydrogen peroxide (30% in
water, 92 l, 0.90 mmol) was added dropwise, and the reaction mixture was stirred firstly at
0°C for a further 25 min and then at room tempereture for 1 h. For work-up, the reaction mix-
ture was added to water (40 mi) and extracted iwi:e with ethyl acetate. The combined orga-
nic phases were dried over sodium sulfate, filtered and evaporated to dryness in a rotary
evaporator, giving (3-bromo-4-fluoropheny!)-(6-dif uoromethoxypyridazin-3-ylymethanone
(113 mg, 0.32 mmol, MS: 346.9/349.0[M+H*}, 799 vield) as solid.
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F | ~ NaBH,
PN N - MeOH

Br

(3-Bromo-4-fluorophenyl)-(6-difluoromethoxypyridazin-3-yl)methanone (126 mg, 0.36 mmol)
was dissolved in methanol (4 ml). Sodium borohydride (60.4 mg, 1.60 mmol) was subse-
quently added in portions, and the reaction mixturs was stirred at room temperature for 1 h.
After termination of the reaction, the mixture was diluted with saturated ammonium chloride
solution (5 ml) and subsequently extracted twice with ethyl acetate (30 ml). The combined
organic phases were washed with water, dried over sodium sulfate, filtered and evaporated
to dryness in a rotary evaporator, giving (3-bromo-4-fluorophenyl)-(6-difluoromethoxy-
pyridazin-3-yl)methanol (127 mg, MS: 349/351[M--H*]) as crude product in the form of a
sofid, which was used without further purificaticn tor further synthesis steps.

(6-Difluoromethoxypyridazin-3-yl)-[4-fluoro-3-(7-morpholin-4-ylquinazolin-4-yl)phenyl]-
methanol (EXAMPLE 121) was obtained analogously by the synthetic process described for
[2,4-difluoro-5-(7-morpholin-4-ylguinazolin-4-yl)phenyi]-(4-methoxyphenyl)methanol
(EXAMPLE 120).

1-[2-Chloro-4-fluoro-5-(7-morpholin-4-ylquinazolin-4-y)phenyl}-1-(6-methoxypyridazin-3-yi)-
prop-2-yn-1-ol (EXAMPLE 122)

Dess-Martin
triacetoxyperiodinane ¢y £
CH,C, Ny
(94%) j
P
s//\N N/
3
’
\ /. =—sive,
[
PH / aj "Buli, THF, -65°C
II\ b TBAF, THF
(48%)
~No N e

(\N N

\) EXAMPLE 122
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([2-Chloro-4-fluoro-5-(7-morpholin-4-ylquinazolin-4-yl)phenyl]-(6-methoxypyridazin-3-yl)-
methanol (EXAMPLE 137, 898 mg, 1.75 mmol) was dissolved in diochloromethane (15 mi).
Dess-Martin triacetoxypericdinane (15% in dichloiomethane, 7.23 ml, 3.50 mmol) was sub-
sequently added. The reaction suspension was stirred at room temperature for 1 h. For work-
up, water (60 mi) and a 10%, aqueous sodium thiosulfate solution was added. The aqueous
phase was extracted twice with ethyl acetate (80 ml in each case). The combined organic
phases were washed with saturated sodium chlor:de solution (30 ml), dried over sodium sul-
fate, filtered, and the filtrate was evaporated to dryness in vacuo, giving 2.1 g of a crude
product in the form of an oil. The residue was purified by means of flash column chromatog-
raphy (gradient: dichloromethane / 0-25% by vol. »f dichloromethane/ethanol 9:1, Combi-
Flash Rf 200), giving [2-chloro-4-fluoro-5-(7-morphclin-4-ylquinazolin-4-yl)phenyl}-(6-
methoxypyridazin-3-yl)methanone (792 mg, 1.65 mmol, MS: 480.1/482.1 [M+H"], 94% vyield)
as foam.

Trimethylsilylacetylene (179 ul, 125 mg, 1.25 mmol) dissolved in dry tetrahydrofuran (3 mt)
was initially introduced in a glass vessei with stirrer bar and internai thermometer under
argon. The reaction solution was cooled to (-)20°C, and n-butyllithium (1.6 M in n-hexane,
781 ui, 1.25 mmol) was slowly added dropwise. Tae reaction mixture was stirred at (-)20°C
for a further 30 min. The reaction solution was then cooled to (-)70°C, and [2-chloro-4-fluoro-
5-(7-morpholin-4-ylquinazolin-4-yl)phenyl}-(6-methoxypyridazin-3-yl)methanone (200 mg.
0.417 mmol) dissolved in dry tetrahydrofuran (6 rl) was subsequently added dropwise. The
temperature of the reaction mixture was increased to (-)40°C over a period of 1 h. Water

(40 mi) was subsequently added, and the phases were separated. The organic phase was
extracted twice with dichloromethane. The combined organic phases were dried using sodi-
um sulfate, filtered and evaporated to dryness in vacuo. The residue was dissolved in dry
tetrahydrofuran (4 ml), and tetra-n-butylammonium fluoride trihydrate (109 mg, 0.42 mmol)
was added. The mixture was subsequently stirred at room temperature for 18 h. The volatile
reaction constituents were then removed in a rotary evaporator. The residue was pre-purified
by means of flash column chromatography (gradient: dichloromethane / 0-34% by vol. of
dichloromethane/ethanol 1:1, CombiFlash Rf 200}. The product fractions were combined,
and the solvents were removed in vacuo in a rotaly evaporator. The residue was finally puri-
fied by means of preparative RP chromatography (Chromolith RP-18e 21.2x100 mm, fiow
rate: 50 ml/min., wavelength: 220 nm). The volatile solvent constituents of the suitable frac-
tions were removed by means of a vacuum centrituge (Genevac HT-12), and the product
was freeze-dried from acetonitrile/water (1:3 parts by volume), giving 1-[2-chloro-4-fluoro-5-
(7-morpholin-4-ylquinazolin-4-yl)phenyl]-1-(6-mett:oxypyridazin-3-yl)prop-2-yn-1-ol
(EXAMPLE 122, 102 mg, 0.20 mmol, MS: 506.1/508.1 [M+H"*], 48% vyield) as solid.
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Compounds which were prepared in accordance with EXAMPLES 120, 121 and 122 can be
found in Table 4 below.

Table 4.; Compounds of the formuia (!)

1Cs0 iCso Ks
No. | Structural formula Name DNA- | pDNA- | [Kv1.11
PK | PK hERG]
e
| X : {2,4—]'1.3if!=t10-|;(;-5l-(7_
j morphoiin-4-yl-
N NF F quinazolin-4-yl)- c 5 D
Z A phanyl}-(4-
: | methoxvphenyl)-
120 | N methznol
6.

1H NIAR (400 MHz, DMSO-d6) ppm = 9.09 (s,
1H), 7.61-7.47 (m, 3H), 7.36 - 7.30 (m, 2H),
7.27 (1, 3=9.1, 1H). 7.20 (d, J=2.3, 1H), 6.93 -
MS: 464.2 (M+H*) 6.57 (m, 2H), B.18 (d, J=4.8, 1H), 6.14 (d,
J=4.6. 1H), 3.81 - 3.75 (m, 4H), 3.73 (s, 3H),
3.48 - 3.41 (m, 4H)

{6-Dif.uoro-

F !I/Y\(l methoxy-
A A . pyridazin-3-yl)-[4-
fluoro-3-(7- B B B
O Y morphioiin-4-yi-

/ﬁ\ P quinazolin-4-yl)-

121 henyl]rnethanol
, ! \) phenyl]

F

1H NMR (500 MHz, DMSO-d6) ppm = 9.10 (s,
1H), 7.96 (d, J=9.1, 1H), 7.73 - 7.63 (m, 2H),
7.587 - 7.47 (m, 3H), 7.46-7.31 (m, 1H), 7.22
MS: 484.1 (M+H") -7.16 (m, 1H), 6.63 (d, J=4.4, 1H), 6.10 (d,
J=4.4. 1H), 3.81 - 3.75 (m, 4H), 3.47 - 3.41
(m. 4H)

1-[2-Chloro-4-
fluoro -5-(7-
mcrpholin-4-yi-
quinazoiin-4-yl)-
phenyl]-1-(6-
methoxy-
pyridezin-3-yl)-

122 .
prep-z.-yn-1-ol

TH'NMR (500 MHz, DMSO-d6) ppm = 9.16 (s,
MS: 506.1/508.1 (M+H*) 1H), 8.28 (d, J=7.7, 1H), 7.96 (d, J=0.2, 1H),
_ o 7.69 - 7.63 (m, 2H), 7.59 (dd, J=9.5, 2.5, 1H),
(Cl isotopy, rel. peak intensity 7.50 (3, 1H), 7.30(d, J=9.2, 1H), 7.23 (d,
ratio [%] 100:35) J=2.5 1H), 4.02 (s, 3H), 3.94 (s, 1H), 3.81 -
3.76 (1, 4H), 3.50 - 3.44 (m, 4H)
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123

1-[2-Chloro-4-
fluoro-5-(7-
morpholin-4-yl-
quina;zoiin-4-yi)-
phenyl]-2,2- C D A
difluoro-1-(6-
methoxy-
pyridazin-3-yl)-
ethanol

MS: 532.1/634.1 (M+H*)
(Cl isotopy, rel. peak intensity
ratio [%] 100:40)

1H NMR (500 MHz, DMSO-d6) ppm = 9.15 (s,
1H), 3.17(d, J=7.7, 1H), 7.67 - 7.61 (m, 3H),
7.57 (do, J=9.5, 2.5, 1H), 7.32 (s, 1H), 7.26
(d, 1H), 7.25-7.22 (m, 1H), 7.22-6.96 (m,
2H), 405 (s, 3H), 3.81-3.75(m, 4H), 3.50 -
3.45 (m 4H).

124

[2 4-Cifluoro-5-(7-
morpholin-4-yi-
guinazolin-4-yl)- c
phenyll-(2-fluoro-
4-methcxy-
phanyl)methanol

TH NHIR (400 MHz, DMSO-d6) ppm = 9.09 (s,
1H), 7.70 (t, J=8.8, 1H), 7.62 - 7.44 (m, 3H),
7.25 (:, J=9.2, 1H), 7.20 (d, J=2.4, 1H), 6.82
(dd, J=8.6, 2.5, 1H), 8.74 (dd, J=12.6, 2.5,
1H), 6.34 (d, J=4.6, 1H), 6.28 (d, J=4.6, 1H),
3.82 - 371 (m, 7H), 3.49 - 3.41 (m, 4H)

1125

1-2-Chioro-4-
fluoro-5-(7-
morpholin-4-yl-
qu nazolin-4-yl)-
phenyl]-1-(6-
methoxy-
pyridszin-3-yl)-
ettansl

MS: 496.1/498.1 (M+H*)
(Cl isotopy, rel. peak intensity
ratio [%)] 100:35)

1H NMR (500 MHz, DMSO-d6) ppm = 9.15 (s,
1H), 8.20 (d, J=7.9, 1H), 7.67 (dd, J=9.4, 3.4,
1H), 7.60 - 7.54 (m, 3H), 7.23 (d, J=2.5, 1H),

7.18 (d, J=9.2, 1H), 6.39 (s, 1H), 4.03 (s, 3H),
3.82 - 3.75 (m, 4H), 3.49 - 3.45 (m, 4H), 2.02
(s, 3H)

126

o+ I
X X
=

\/k/N ‘
J\

O

{2-Chloro-4-fluoro-
5-(6-morpholin-4-
ylthieno[3.2-d}-
pyrimidin-4-yi)-
phenyl]-(6-
methoxy-
pyridazin-3-yl)-
methanol (Ena 2)

MS: 488.1/490.1 (M+H*) (CI
isotopy, rel. peak intensity ratio
[%] 100:39); Rt 16.85min (SFC,
Chiracel OD-H, COz/ 15% by
vol. of methanol, 0.5% by vol. of
diethylamine)

1H NMR (500 MHz, DMSO-d6) ppm = 8.90 (s,
1H), 8.00 (d, J=7.9, 1H), 7.69 (d, J=9.2, 1H),
7.66 (d, J=10.0, 1H), 7.22 {d, J=9.2, 1H), 6.62
(d, J=4.9, 1H), 6.54 (s, 1H), 6.22 (d, J=4.9,
1H), 3.99 (s, 3H), 3.77-3.72 (m, 4H), 3.45 -
3.38 (n, 4H)
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[2-Choro-4-fluoro-
5-(6-morpholin-4-
yithieno;3,2-d}-
pyrimidia-4-yl)-
phenyll-(6-
methoxy-

pyride zin-3-yl)-

methanol (Ena 1)

127 methanol (Ena 1)
MS: 488.1/490.1 (M+H*) (Cl 1H NIAR (500 MHz, DMSO-d6) ppm = 8.90 (s,
isotopy, rel. peak intensity ratio 1H), 3.00(d, J=7.9, 1H), 7.69 (d, J=9.2, 1H),
[%] 100:40); Rt 14.73min (SFC, 7.66 (Ei, J=10.0, 1H), 7.22(d, J=9.1, 1H), 6.61
Chiracel OD-H, CO2/ 15% by (d, J=3.0, 1H), 8.54 (s, 1H), 6.21 (d, J=4.9,
vol. of methanol, 0.5% by vol. of 1H), 3.99 (s, 3H), 3.77-3.72(m, 4H), 3.45-
diethylamine) 3.40 (m, 4H)
OH o©l {2-Ch'oro-4-fluoro-
i 5-(6-morpholin-4-
f = ylthieno[3,2-d}-
S AN - pyrimidin-4-yl)- B
P phenyl)-(6-
SN Sy methoxy-
(o} N I | PO R
N/ \\l,\/\ pyridazin-3-yl)-
128 4</ N methanol
1H NMR (500 MHz, DMS0O-d6) ppm = 8.90 (s,
1H), 3.00(d, J=7.9, 1H), 7.69 (d, J=8.2, 1H),
MS: 488.1/490.1 (M+H*) (CI 7.66 (d, J=10.0, 1H), 7.22(d, J=9.1, 1H), 6.61
l§0t0py. rel. peak intensity ratio | (4, y=4.9, 1H), 6.54 (s, 1H), 6.22 (d, J=4.9,
[%] 100:41) 1H), 3.99 (s, 3H), 3.77-3.73 (m. 4H), 3.44 -
3.0 (m, 4H)
OH =
PR 1\/{\\ [2,4-Cifluoro-5-(7-
o morpholin-4-yi-
~ /gN,'N H\%\,—. qunazolin-4-yl)-
phenyi}-(6- B
: | YT methuxy-
129 P pyridzzin-3-yl)-
;/\N N methanol (Ena 2)
8
MS: 466.2 (M+H*); Rt 4.13 min,
18% by vol. of methanol, 0.5%
by vol. of diethylamine)
oH t "
[2,4-Difluoro-5-(7-
= e morpholin-4-yl-
o NN . quina:zofin-4-yl)-
/\]/g\ phen; l]—(6— A
! XN methoxy-
130 |~ S pyridezin-3-yl)-
o

MS: 466.2 (M+H*); Rt 2.78 min,
(SFC, Chiralpak AS-H, CO»/
18% by vol. of methanol, 0.5%
by vol. of diethylamine)

see racemate
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131

{2,4-Cifluoro-5-(7-
morpholin-4-yi-
quinazolin-4-yl)-
phenyi}-(6- B B B
methoxy-
pyridazin-3-yl)-
methanol

1H NMR (500 MHz, DMSO-d6) ppm = 9.11 (s,
1H), 7.83 (t, J=8.1, 1H), 7.75 (d. J=9.2, 1H),
7.56 (34, J=9.4, 2.8, 2H), 7.45(t, J=10.1, 1H).
7.25-7 19 (m, 2H), .59 -86.57 (m, 1H), 6.20
-86.16 (m, 1H), 4.00 (s, 3H), 3.81-3.75(m,
4H), 3.48-3.42 (m, 4H)

132

[2-Ch:oro-5-(2-
chloro-7-
morpholin-4-yl-
quinazolin-4-yl)-4-
fluoroshenyl}-(6-
methoxy-
pyridazin-3-yl)-
methanol

MS: 516.1/518.1/520.0 (M+H?*)
(Clz isotopy, rel. peak intensity
ratio (%] 100:69:12)

TH NIMR (500 MHz, DMSO-d6) ppm = 7.94 (d,
J=7.7 1H), 7.72-7.65 (m, 2H), 7.63 - 7.49
(m, 21), 7.21(d, J=9.1, 1H), 7.15(d, J=2.4,
1H), .22 (s, 1H), 4.00 (s, 3H), 3.79-3 73
(m, 4H), 3.53 - 3.47 (m, 4H

133

[6-{2-Dimethyl-
aminc-ethoxy)-
pyridezin-3-ylj-{4-
fluoro -3-(7- C C A
morpholin-4-yl-
quinazolin-4-yi)-
phenyijrnethanol

MS: §05.3 (M+H*)

1H NMR (500 MHz, DMSO-d6) ppm = 9.09 (s,
1H), 7.89 (d, J=9.2, 1H), 7.67 - 7.61 (m, 2H).
7.55 - 7.47 (m, 2H), 7.44 -7.36 (m, 1H), 7.24
-7.15 (m, 2H), 6.49 (d, J=4.0, 1H), 6.04 -
5.98 (m, 1H), 4.56 - 4.41 (m. 2H), 3.80 - 3.74
(M. 4H), 3.47 -3.41 (m, 4H). 2.64 (t, J=5.38,
2H), 2.79 (s, 6H)

134

3]

if
[/\N)\/\N,//
o)

(6-Etr.oxy-
pyridezin-3-yl)-[4-
fluoro-3-(7-

morpt olin-4-yl-
quina:zoiin-4-yl)-
phenylirnethanol

MS: 462.1 (M+H")

1H NMR (500 MHz, DMSO-d6) ppm = 9.09 (s,
1H), 768 (d, J=9.2, 1H), 7.66 - 7.81 (m. 2H),
7.53 -7.50 (m, 2H), 7.43-7.35 (m, 1H), 7.21
-7.19 (m, 1H), 7.17 (d, J=9.1, 1H), 6.47 (d,
J=4.4, 1H), 6.01 (d, J=4.3, 1H), 4.52 - 4.38
(m, 2H), 3.82-3.73 (m, 4H), 3.46 - 3.41 (m,
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WO 2014/183850 -87-
4H), 1.36 (t, J=7.0, 3H)
(R}-[2-Chloro-4-
| fluoro -5-(7-
morphoin-4-yl-
quina.zolin-4-yi)-
N pheny]-(6- C D A
N
P S
N N pyridazin-3-yl)-
135 o(\ methanol
MS: 482.1/484.1 (M+H*) (Cl TH NMR (500 MHz, DMSO-d6) ppm = 9.12 (s,
isotopy, rel. peak intensity ratio TH), 7.91(d. J=7.7, 1H), 7.69 (d, J=9.2, TH),
[%] 100:36); Rt 5.34min (SFC, 7.67 (d, J=9.5, 1H), 7.62-7.51 (m, 2H), 7.24
Chiralpak AD-H, CO2/ 40% by -7.18 (m,\2H), 6.61(d, J=4.8, 1H), 6.23 (d,
vol. of methano!, 0.5% by vol. of J=4.8 1H). 4.00 (s, 3H), 3.81-3.75 (m, 4H).
Ho« (S}-[2-Chloro-4-
‘ X fluoro-5-(7-
[ u morphiolin-4-yl-
SoTW F quinazolin-4-yl)- A A A
ANy phetﬂyi}-(fi»
| methoxy-
138 (\N/l\/\w//‘ pyridzzin-3-yi)-
o methano!
MS: 482.1/484.1 (M+H*) (CI 1H NIR (500 MHz, DMSO-d6) ppm = 9.12 (s,
isotopy, rel. peak intensity ratio 1H), 7.91(d, J=7.7, 1H), 7.69 (d. J=9.2, 1H),
[%] 100:36); Rt 3.38min (SFC, 7.66 (4, J=9.5, 1H), 7.61-7.52 (m, 2H), 7.24
Chiralpak AD-H, COz/40% by -7.19 (rn, 2H), 6.61 (d, J=5.0, 1H), 6.23 (d,
vol. of methanol, 0.5% by vol. of | J=4.9 1H), 4.00 (s, 3H), 3.81 - 3.75 (m, 4H),
diethylamine) 3.48 - 343 (m, 4H)
?H 7 {2-Chioro-4-fluoro-
5-(7-morpholin-4-
~o _ ylquinazolin-4-yl)-
; pheny!]-(6- A B C
methoxy-
pyridazin-3-yl)-
137 (\'f N methanol
O\/
1H NMR (400 MHz, DMSO-d6) ppm = 9.12 (s,
MS: 482.1/484.1 (M+H?) (Cl 1H), ?.91~(d, J=7.7, 1H), 7.69 (d, J=8.1, 1H),
isotopy, rel. peak intensity ratio 7.66 (d, J=9.5, 1H), 7.62-7.51 (m, 2H), 7.24
[%] 106‘36j - 717 {rn, 2H), 6.60 (d, J=4.8, 1H), 6.23 (d,
i J=3.5 1H), 4.00 (s. 3H), 3.82-3.74 (m. 4H),
3.49 - 3.42 (m, 4H)

EXAMPLE 138

1-[5-(7-Morpholin-4-ylquinazolin-4-yl)pyridin-3-yl]- 1 -thiazol-2-ylethanol (EXAMPLE 138)

0
S\” I XN n-Buli
+
&N = THF, (-)78°C
B (84%)
r

OH
S N
/ N

i
Br

PCT/EP2014/001236
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Thiazole (143 pl, 2.0 mmol) in dry tetrahydrofuran (10 mi) was initially introduced in a three-
necked flask which had been dried by heating. Tha reaction solution was cooled to (-)78°C
by means of acetone/dry-ice bath. n-Butyllithium (15% solution in n-hexane, 1.63 ml,

2.6 mmol) was added dropwise over a period of 12 min at constant temperature. The reac-
tion mixture was stirred for a further 10 min. The suspension was was subsequently warmed
to (-)30°C and re-cooled to (-)55°C, and 1-(5-bromopyridin-3-yl)ethanone (380 mg,

1.90 mmol), dissolved in dry tetrahydrofuran (6 m)), was added dropwise at (-)40°C. The
reaction temperature is allowed to rise to (-)10°C over 1.5 h. After termination of the reaction
(HPLC check), saturated ammonium chloride solution was added, and the mixture was
stirred at room temperature for 30 min. The reaction mixiure was added to a two-phase
solution of water (60 ml) and ethyl acetate (80 ml} and exiracted three times with ethyl
acetate. The combined organic phases were washed with saturated sodium chioride solution,
dried over sodium sulfate, filtered and evaporated in a rotary evaporator. The oily crude
product was purified by means of flash column ch;‘omatography (solvent: dichloromethane/
2.0% by vol. of methanol, then dichioromethane/3.0% by vol. of methanol + 1.0% by vol. of
ammonia, amount of flash silica gel 30g). The product fractions were combined, and the
solvents were removed in vacuo in a rotary evapcrator, giving 1-(5-bromopyridin-3-yl)-1-
thiazol-2-ylethanol (479 mg, 1.68 mmol, MS: 285.2/287.0 [M+H"], 84% yield) as oil.

]
ro\ /'3\ OH
__3( B” o
!

0 S AN
cl < | | i
v OH i \ N
; . 2 Dopf, PappfCl, =
</| | SN, | = N KOAc, 1,4-dioxane

C ) e '
N = (\N 2 ) (Cy;P),PACl, )N

aqg. Na,COoO. =

[ D I
(53%) \)
o EXAMPLE 138

1-(5-Bromopyridin-3-yl)-1-thiazol-2-ylethanol (162 mg, 0.55 mmol), bis(pinacolato)diboron
(140 mg, 0.55 mmol), 1,1"-bis(diphenylphosphino)ferrocene (Dppf, 7.1 mg, 0.013 mmol), 1,1'-
bis(diphenylphosphino)ferrocenepalladium(il) dictloride [Pd(dppf)Clz, 10.4 mg, 0.013 mmol]
and potassium acetate (167 mg, 1.7 mmol) were suspended in dry, oxygen-free 1,4-dioxane
in a glass vessel with stirrer bar. The glass vessel was sealed using a septum. The reaction
solution was stirred and heated at 115°C for 2.5 h. The reaction monitoring is carried out by
means of HPLC. 4-Chioro-7-morpholin-4-ylquinazaline (106 mg, 0.43 mmo!), bis(tricyclo-
hexylphosphine)paltadium(ll) dichloride (9.4 mg, C.013 mmol) and 2.0 M sodium carbonate
solution (531 pl) were added to the reaction solution. The reaction mixture was subsequently
stirred at a temperature of 125°C for 1.5 h. The m:xture was decanted into water/dichloro-

methane (1:1 parts by volume, 40 ml), and the resultant solution was extracted three times
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with dichloromethane. The combined organic phases were dried over sodium sulfate, filtered
and evaporated in a rotary evaporator. The residue was purified by means of flash chromato-
graphy [gradient: dichloromethane / 20-58% by vcl. of a solvent mixture of dichloromethane/
methanol 9:1 (parts by volume), CombiFlash Rf 200]. The suitable product fractions were
combined, and the solvents were removed in a rozaiy evaporator, giving 1-{5-(7-morpholin-4-
ylquinazolin-4-yl)pyridin-3-yl}-1-thiazol-2-ylethanol (EXAMPLE 138, 95 mg, 0.23 mmol, MS:
420.2 [M+H"], 53% yield) as oil.

EXAMPLE 138
{3-[7-(3,6-Dihydro-2H-pyran-4-yl)quinazolin-4-yl]-4-fluorophenyljthiazol-2-ylmethanol (139)

o) ~
ﬁ O/ 0O
N . /@go (Cy,P),PdCl, @
B i°C
PN = Na,CO,, 140°C NH.
Q O B NH, (61%) 2
% O

4-(4.4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)-3,3-dihydro-2H-pyran {575 mg, 2.74 mmol),
methyl Z-amino-4-bromobenzoate (600 mg, 2.61 mmol), bis(tricyclohexylphosphine)-
palladium(ll} dichloride (57.8 mg, 0.078 mmol) and oxygen-free 2.0 M sodium carbonate

solution (3.26 ml, 6.52 mmol) in degassed, oxygen-free 1,4-dioxane (12 ml) were initially

introduced in a microwave glass vessel with stirre: bar. The substance mixture was heated at
135°C for a period of 55 min in a Personal Chemistiy Microwave Synthesiser at 100 watts.
The reaction solution was subsequently decanted off into a mixture of water (40 ml) and ethyl
acetate (30 mi) mixture. The resultant solution was extracted three times with ethyl acetate.
The combined organic phases were washed with saturated sodium chloride solution, dried
over sodium sulfate, filtered and evaporated in vacuo in a rotary evaporator. The residue was
purified by means of flash chromatography [gradient: dichloromethane / 0-10% by vol. of a
solvent mixture of dichloromethane/methanol 13:1 (parts by volume), CombiFiash Rf 200].
The suitable product fractions were combined, an the solvents were removed in a rotary
evaporator, giving methyl 2-amino-4-(3,6-dihydro-2H-pyran-4-yl)benzoate (371.1 mg,

1.69 mmol, MS: 234.2 [M+H"], 61% yield) as solid

O/

!
éYo\ Q
0 SN /@iU\NH
2
NH, NH,OAc, MeOH (\ N
O i

0O (85%)
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Methyl 2-amino-4-(3,6-dihydro-2H-pyran-4-yl)ben:zoate (620 mg, 2.66 mmol), trimethyl ortho-
formate (564.1 mg, 5.32 mmol) and ammonium acetate (410 mg, 5.32 mmol) dissolved in
methanol (20 ml) was initially introduced in a g.as:s vessel with stirrer bar. The substance
mixture was stirred overnight at 80°C. Water (10 ral) was subsequently added, and the solid
which precipitated out was filtered off with suct'on. washed with a little water and subsequ-
ently dried in vacuo, giving 7-(3,8-dihydro-2H-pyrain-4-yl)-3H-quinazolin-4-one (520 mg,

2.28 mmol, MS: 228.1 [M+H*], 86% vyield) as solic.

POCH,, ELN RN

a) (PPhy),PdCl,,
KOAc, 1,4-dioxane

st
F
{
XN (48%) Ql/l\@\p

! B
- \I/ NF \N/) b) (Cy,P),PdCl,,
I ~ &«
i l aq. Na,CQy,

OH

(L‘-.(\

EXAMPLE 139

{3-[7-(3,6-Dihydro-2H-pyran-4-yt)quinazolin-4-yi]-4-fluorophenyi}thiazol-2-yimethanol
(EXAMPLE 139) was obtained analogously to the synthetic processes for the preparation of
1-[5-(7-morphaiin-4-ylquinazolin-4-yl)pyridin-3-vlj-1-thiazol-2-ylethanol (EXAMPLE 138).

EXAMPLE 140

[4-Fluoro-3-(7-morpholin-4-ylpyrido[4,3-d}pyrimidin-4-yi)phenyljthiazol-2-yimethanol (140)

AN
O/\ /\NH o)

[ -

Ty ‘
=

o)
190°C N
of NH, l/\j NH,

O

Ethy! 4-amino-6-chloronicotinate (8.38 g, 39.7 mmioi) were dissolved in morpholine (40 mi).
The substance mixture was heated at 120°C for 4 h. When the reaction was terminated, the
cooled reaction solution was decanted into water (400 ml). The agueous suspension was

stirred for 10 min, and the precipitate was subsequently filtered off. The filter cake was rinsed
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with a little water and dried overnight at 60°C in vacuo, giving pure ethyi 4-amino-6-morpho-
lin-4-yinicotinate (8.55 g, 34.03 mmol, MS: 252.2 iM+H"], 85% yield) as colourtess solid.

o (’JYO\ o)
NS 0 NG N7 NH
|
~
(\N = NH, NH,OAc, EtOH (\ NN N)
' 70%
O\/I 7o%) O\/J

5  Analogously to the synthetic process described for EXAMPLE 139, ethyl 4-amino-6-morpho-
lin-4-yInicotinate (3.54 g, 14.1 mmol) gave 7-morgholin-4-yl-3H-pyrido[4,3-d}pyrimidin-4-one
(2.29 g, 9.86 mmol, MS: 233.1 [M+H"] 70% yield) as solid.

o cl

Tl ~ NH  POCi, DIPEA NN
/) 96% !

‘/\N Z N (96%) l/\N/J\ = N)

O

10 7-Morpholin-4-yl-3H-pyrido[4,3-d}pyrimidin-4-one (800 mg, 2.58 mmol) was suspended in
1,4-dioxane (10 ml). Phosphoryl chloride (POCls, 546 ul, 5.9 mmol) and Hinig's base (N-
ethyldiisopropylamine, 220 pli, 1.29 mmol) were arlded to the reaction mixture. The mixture
was subsequently stirred at a temperature of 100°C for 3 h. After termination of the reaction,
the reaction solution was decanted intc a semi-saturated sodium hydrogencarbonate solution

15 (80 ml). The aqueous phase was extracted three iimes with dichloroamethane (40 ml in each
case). The combined organic phases were dried over sodium sulfate, filtered and evaporated
in vacuo in a rotary evaporator, giving 4-chloro-7-maorpholin-4-ylpyrido[4.3-d}pyrimidine
(627 mg, 2.50 mmol, MS: 251.0/253.0 [M+H"], 86% yield) as solid.

8}
\:VO\B/BI\;? OH

!

o S
OH ¢l ' <\/’
a) (PPhy),PdCl, N e

8 ! . NI AN KOAG, 1,4-dioxane

s . N
&N e ZN b) (Cy;P),PACk, N

o
Br

O

Na,CO, NG
(17%) ‘/\j N
EXAMPLE 140
20
[4-Fluoro-3-(7-morpholin-4-ylpyrido[4, 3-d}pyrimidin-4-yl)phenyllthiazol-2-ylmethanol (EXAM-
PLE 140) was obtained analogously to the synthe:ic processes for the preparation of 1-[5-(7-

morpholin-4-ylquinazolin-4-yl)pyridin-3-yl]-1-thiazc I-2-ylethanol (EXAMPLE 138).
25
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EXAMPLE 141

[2-Chloro-4-fluoro-5-(7-morpholin-4-ylpyrido{4, 3-dpyrimidin-4-yl)phenyl}-(4-hydroxymethyi-
thiazol-2-yl)methanol (141)

o o ¢
S
\\H N n-Buti S ; SN
N | T e
_0 . THF, (-)75°C N\ N l -
TBDMSO l 84%) F
Br TBDMSO Br

4-(tert-Butyldimethylsilanyioxymethyl)}thiazole (10.15 g, 43.5 mmol) dissolved in dry tetra-
hydrofuran (78 ml) was initially introduced in a two-necked flask with stirrer bar, internal
thermometer and septum under argon. The reaction solution was cooled to (-)75°C by means
of an acetone/dry-ice bath. n-Butyllithium (15% sciution in n-hexane, 29.3 ml, 46.6 mmol)
was subsequently slowly added dropwise to the reaction solution at constant temperature.
The reaction solution was stirred at (-)75°C for a further 30 min, subsequently warmed to
0°C. Then re-cooled to (-)50°C. A solution, pre-cooled to (-)50°C. of 5-bromo-2-chloro-4-
fluoro-N-methoxy-N-methyloenzamide (5.58 g, 12.4 mmol), dissolved in dry tetrahydrofuran
(21 ml), was stowly added dropwise to the reactio: solution at (-)50°C over a period of 1.5 h.
The reaction solution was stirred at (-)50°C for a further 30 min. When the reaction was com-
plete, water (20 ml) was added to the reaction solution. The reaction solution was then
allowed to warm to room temperature with stirring The reaction solution was diluted with
ethyl acetate (400 m!) and saturated sodium chloride solution (100 ml). The phases were
separated, and the aqueous phase was exiracted with ethyl acetate. The combined organic
phases were dried over sodium sulfate, filtered ard 'evaporated in vacuo in a rotary evapo-
rator. The residue was purified by means of flash chromatography (gradient: cyclohexane/
0-7% by vol. of ethyl acetate, CombiFlash Rf 200}. The suitable product fractions were com-
bined, and the organic solvents were removed in a rotary evaporator, giving (5-bromo-2-
chloro-4-fluorophenyl)-[4-(tert-butyldimethylsilanyloxymethylthiazol-2-yljmethanone (4.94 g,
10.39 mmol, MS: main peak 466 [M+H*], 84% vieid) as oil.
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0] Cl
S
}'N
F
TBDMSO Br
NaBH, {quant.)
MeOH |2

N/\/ J§N
5/ / ~ 4‘
TBDMSO

OH Ci
a) (PhyP),PdCl,,
KOAc, 1,4-dioxane

S )
\ IN
F b) (CysF),dCl,,
TBDMSO Na,C,, 120°C
i

P
N = N
o

[4-[[tert-Butyl(dimethyl)silylloxymethy!ithiazo!-2-y1}-[2-chlore-4-fluoro-5-(7-morpholinopyrido-

{4,3-d}pyrimidin-4-ylYphenyl]methanol was prepared analogously to the synthetic processes
of EXAMPLES 1 and 2 and 138 from (5-bromo-2-chloro-4-fluorophenyl)-[4-(tert-butyl-
dimethylsilanyloxymethyl)thiazol-2-yilmethanone and 4-chloro-7-morpholin-4-ylpyrido{4,3-d}-

pyrimidine.
OH Cl
} ‘F
TBDMSO \ Sy
/ e
© 0\) EXAMPLE 141

[4-(tert-Butyldimethylsilanyloxymethyi)thiazol-2-yi}-{2-chioro-4-fluoro-5-(7-morpholin-4-yl-
pyrido[4,3-d}pyrimidin-4-yl)phenyl]methano! (333 ing, 0.55 mmoi) was dissolved in 1,4-
dioxane (7 ml). 4.0 M HCI dissolved in 1,4-dioxane (1.38 ml, 5.53 mmol) was added, and the
reaction solution was subsequently stirred at room: temperature for 30 min. When the reac-
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tion was complete, the reaction solution was filtered, and solvents were removed in a rotary
evaporator. The residue was purified by means of flash chromatography (gradient: dichloro-
methane/0-15% by vol. of ethanol, CombiFlash R 200). The suitable product fractions were
combined, and the solvents were removed in vactio. The residue was taken up in dichloro-
methane, extracted with saturated sodium hydrogericarbonate solution, dried over sodium
sulfate, filtered, and the filtrate was evaporated to dryness, where [2-chloro-4-fluoro-5-(7-
morpholin-4-yipyrido[4,3-d}pyrimidin-4-yl)phenyl}-1 4-hydroxymethylthiazol-2-yl)methanol
(EXAMPLE 141, 229 mg, 0.47 mmol, MS: 488.0/480.0 [M+H"], 85% vyield) as solid.

EXAMPLES 142 and 143

2-Chloro-4-fluoro-5-(7-morpholin-4-ylquinazolin-4-yl)phenyll-(4-hydroxymethylthiazol-2-yi)-
methanol (142)

[2-Chloro-4-fluoro-5-(7-morpholin-4-ylguinazolin-4-yl)phenyl}-(4-methylaminomethyithiazol-2-
yhmethanol (143)
(!)H cl oH ¢l

3

O

N\ _N O
F  a)MsCl, DIPEA, THF F

b) CHNH,, THF

(35%) O SN
’\

O\/[ EXAMPLE 142 0\ EXAMPLE 143

'~

N

[2-Chloro-4-fluoro-5-(7-morpholin-4-yipyrido[4, 3-d }pyrimidin-4-yl)phenyl]-(4-hydroxymethyl-
thiazol-2-yl)methanol (46.6 mg, 96 umol) was dissolved in dry tetrahydrofuran (3.1 mi) under
argon. N-Ethyldiisopropylamine (98 1. 57.4 umol} and methanesulfony! chloride (14.8 i,
191 pmol) were added. The reaction solution was stirred at room temperature for 30 min.
Methylamine (40% solution in water, 183 pl, 1.91 mol) was subsequently added, and the mix-
ture was stirred at room temperature for a further 2 h. After termination of the reaction, ethyl
acetate (15 mi) and saturated sodium chloride solution (10 ml) were added to the reaction
solution. The phases were separated, and the aqueous phase was extracted with ethyl ace-
tate. The combined organic phases were dried ovar sodium sulfate and filtered. The filtrate
was evaporated in a rotary evaporator, and the residue was purified by means of preparative
RP-HPLC (gradient water + 0.1% of triflucroacetic acid/acetonitrile + 0.1% of trifluoroacetic
acid, Sunfire Prep C-18 150-21 mm, flow rate: 50 m!//min., .. = 220 nm). The suitable product
fractions were combined, and the solvents were removed in vacuo in a rotary evaporator,

and the residue was freeze-dried from dioxaneiwster, where [2-chloro-4-fluore-5-(7-morpho-
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lin-4-ylquinazolin-4-yl)phenyl]-(4-methylaminometaylthiazol-2-yl)methanol (EXAMPLE 143,
14.8 mg, 0.030 mmol, MS: 500.1/502.0 [M+H*], 319 yield) as solid.

EXAMPLES 144, 145 and 146

CH
i

s Chromatographic separation of
enantiomers on chiral,
<\/ stationary phase

N

£

SFC Berger Minigram™¢
/N S- N Chiral, steticnary phase: Lux Amylese-2

O\ N \ i /‘ Eluent:
_/ = €01 + Z0vol 3% of MeOH + 0.5v01.% of
N dietsylamine
EXAMPLE 144 Flow rate: 5 m¥min, 7. = 220 nm EXAMPLE 145 EXAMPLE 146
{racemate) {Ena 1) (Ena 2)

Racemic [4-fluoro-3-(6-morpholin-4-ylthieno[3,2-d}pyrimidin-4-yl)phenyl]thiazol-2-ylmethanol
(EXAMPLE 144, 35 mg, 0.082 mmol) was separaed by chromatography into its enantiomers
on a chiral stationary phase using preparative SFC: after analytic column screening for iden-
tification of the most suitable chiral phase having the highest selectivity, the Lux amylose-2
phase from Phenomex was selected. SFC conditi>rs: apparatus: SFC Berger minigram, col-
umn: Lux amyiose-2, 250x4.6 mm; eluent: carton dioxide + 20% by vol. of methanol + 0.5%
by vol. of diethylamine, flow rate: 5 ml/min, wavelength: 220 nm. The preparative separation
into the enantiomers was carried out under the samsa conditions in SFC Berger minigram
Stacked Injection Mode. The suitable fractions were collected, and the solvents were
removed in vacuo in a rotary evaporator, giving enantiomerically pure [4-fluoro-3-(6-morpho-
lin-4-ylthieno[3,2-d}pyrimidin-4-yl)phenyl]thiazol-2-ylmethanol (EXAMPLE 145, R, = 7.85 min
12 mg, 0.028 mmol, > 99% ee Ena 1) and [4-fluoro-3-(6-morpholin-4-ylthieno[3,2-d}pyrimidin-
4-yl)phenyljthiazoi-2-ylmethanol (EXAMPLE 146, R; = 8.82 min, 12.0 mg, 0.028 mmol, 92%
ee, Ena 2) as solids.

Compounds which were prepared analogously to EXXAMPLES 138-146 can be found in Table
5 below.

Table 5: Compounds of the formula (I)

' | fCso ICso Ki
No. | Structural formula Name DNA- | pDNA- | [Kv1.11
PK PK hERG]
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1-[5-(7-Morpholin-4-
ylquinazcalin-4-yl)-
pyridin-3- yi}-1-
thiazol-2-ylethanol

MS: 420.2 (M+H*)

TH NMR (400 MHz, DMSO-d8) ppm = 9.1 (s,
1H), 8.97 (d, J=2.2, 1H), 8.83(d, J=2.1, 1H),
8.30 (t, J=2.2, 1H), 7.82 (d, J=9.5, 1H), 7.79
(d, J=3.2. 1H), 7.65 (d. J=3.3, 1H), 7.57 (dd,
J=9.5,2.6, 1H), 7.22 (d, J=2.5, 1H), 7.09 (s,
1H), 3.82 - 3.75 (m, 4H), 3.50 - 3.43 (m, 4H),
2.02 (s, 3H)

| 139

<L
X

l N

Vi
4

N

e}

{3-[7-(3,€-Cihydro-
2H-pyran-4-yl)- c
quinazolia-4-yl}-4-
fluoroc-ph2nyfl-
thiazol-2-ylimethanol

MS: 420.0 (M+H")

1H NMR (500 MHz, DMSO-d6) ppm = 9.36 (s,
1H), 8.0 (d, J=1.8, 1H), 7.94 (dd, J=8.9, 1.9,
1H), 7.76 - 7.69 (m, 4H), 7.65 (d, J=3.2, TH),
7.49-7.63 (m, 1H), 7.00 - 6.96 (m, 1H), 6.71 -
6.67 (m, 1H), 6.11-6.08 (m, 1H), 4.33 - 4.30
(m, 2H), 3.89 (t, J=5.5, 2H), 2.65 - 2.60 (m,
2H)

140

OH

{4-Fluoro -3-(7-
morpholin-4-yl-
pyrido[4,3-d}-
pyrimidin-4-yi}-
phenylithia::ol-2-yl-
methanol

1H NMR (400 MHz, DMSO-d6) ppm = 9.16 (s,
1H), 8.80 (d, J=3.6, 1H), 7.77 - 7.70 (m, 3H),

7.65(d, J=3.2, 1H), 7.48 - 7.42 (m, 1H), 7.08 -
6.94 (m, 2H), 6.10 (s, 1H), 3.78 - 3.66 (m, 8H)

141

[2-Chloro-4 -fluoro-
5-(7-morpholin-4-yl-
pyrido[4,3-d}-
pyrimidin-4-yl)-
pheny:]-(«1-
hydroxyn-ethyl-
thiazol-2-yl}-
methanol

MS: 488.0/490.0 (M+HY)
(Cl isotopy, rel. peak
intensity ratio [%] 100:38)

TH NMR ‘400 MHz, DMSO-d6) ppm = 9.15 (s,
1H), €.84 (d, J=3.4, 1H), 7.83 (d, J=7.6, 1H),
7.74(d, J=0.7, 1H), 7.39-7 35 (m, 1H), 7.04
(s, TH), 6.29 (s, 1H), 6.28 (s, 1H), 5.24 (s,
1H), 4.50 (s, 2H), 3.77 - 3.69 (m, 8H)

PCT/EP2014/001236
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142

[2-Chiorc-4-fluoro-
5~(7-morpholin-4-yl-
guinazolin-i-yl)-
phenyl]-(4- A B D
hydroxyrnethyl-
thiazcl-2-yl}-
methanoi

MS: 487.1/489.0 (M+H*)
(Cl isotaopy, rel. peak
intensity ratio [%] 100:41)

TH NMR (400 MHz, DMSO-d6) ppm = 9.10 (s,
1H), 7.75 - 7.89 (m, 2H), 7.59 - 7.49 (m, 2H),
7.36 (t J-=1.1, 1H), 7.23-7.17 (m, 1H), 7.00
(d, J=5.1 1H), 8.27 (d, J=5.0, 1H), 5.24 (1,
J=5.7, 1), 4.52 - 4.45 (m, 2H), 3.81 - 3.74 (m,
4H), 3.49 - 3.41 (m, 4H)

i 143

[2-Chiorc-4-fluoro-
5-(7-morpholin-4-yl-
quinazolin-4-y)-
phenyl}-(4- C C C
methylamiromethyl-
thiazol-2-y1)-
methzanoi

MS: 500.1/502.0 (M+H*)
(Cl isotopy, rel. peak
intensity ratio [%] 100:34)

1H NMR (500 MHz, DMSO-d6) ppm = 9.10 (s,
1H), 8.26 (s, 1H), 7.76 - 7.69 (m, 2H), 7.58 -
7.50 (m, 2H), 7.48-7.43 (m, 1H), 7.24-7.16
(m, 1H), 6.97 (s, 1H), 6.28 (s, 1H), 3.80 (s,
2H), 3.79- 3.74 (m, 4H), 3.48 - 3.42 (m, 4H),
2.33 (s, 2H

144

[4-Fluoro-3-(6-
morpholin-4-yi-
thienof3,:2-}-
pyrimidin-4-yl)-
phenyllth:azol-2-yl-
methanoi

1H NMR (500 MHz, DMSO-d6) ppr1 = 8.89 (s,
1H), 7.76 (dd. J=7.0, 2.3, 1H), 7.73 (d, J=3.2,
1H), 7.69 - 7.64 (m, 2H), 7.43 -7.38 (m, 1H),
6.96 (d, J=4.8, 1H), 6.53 (s, 1H), 6.07 (d,
J=4.6,11), 3.77 - 3.71 (m, 4H), 3.44 - 3.38 (m,
4H)

145

—

[4-Fluoro-3-+(6-
morpholiti-<-yl-
thieno[3,2-d}-
pyrimidin-4-yt)-
phenyilthiazol-2-yl-
methanol (Ena 1)

MS: 429.0 (M+H"*); Rt 7.85
min, (SFC, Lux amylose,
C0O2/0.5% by vol. of
methanol)

see racemnate
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OH
s [4-Fluoro-3-(6-
5- < morpholin-4-yl-
\ N thienc[3,.2-l}- A B A
| F pyrimidin-4-yl)-
/S Xy phenyi}thiaziol-Z-yl-
146 o\__/N—<\/|\N B methanoi (Ena 2)
MS: 429.0 (M+H*); R:8.82
min, (SFC, Lux amylose-2, | see racemate
CO02/0.5% by vol. of
methanol)
s, A
|/
N P [5-(7-Motpholin-4-
ylquinazclin-4-yh)- D c
thiophen-2-yl}-
\/',\f thiazol-2-ylmethanol
/
i N N
147 Q
1H NMR (500 MHz, DMSO-d6) ppm = 8.93 (s,
1H), 8.34 (d. J=8.5, 1H), 7.83 (d. J=3.9, 1H),
7.79(d, ¢=3.2, 1H), 7.71 (d, J=3.2, 1R), 7.56
MS: 411.0 (M+H%) (dd, J=9.5, 2.7, 1H), 7.32 (d, J=4.8, 1H), 7.26 -
7.24 (m, 1H), 7.16 (d, J=2.6, 1H), 6.31-6.29
(m. 1H), 3.81-3.75 (m, 4H), 3.47 - 3.41 (m,
4H)
oM
s,
e N
\_:/\; | [3-(7-Morpholin-4-
ylquinazclin-4-yl)- c D c
. o N phenyijthiazol-2-yl-
; m'? methano
(\N P N/)
148 o\)
1H NMR (500 MHz, DMS0-d6) ppm = 8.07 (s,
1H), 7.80 (d, J=9.4, 1H), 7.83-7.81 (m, 1H),
7.74 (d, é=3.2, 1H), 7.68 - 7.64 (m, 3H), 7.59 -
MS: 405.2 (M+H*) 7.55(m, 1H), 7.52 (dd, J=9.5, 2.6, 1H), 7.20
(d, J=2.8 1H), 6.93(d, J=4.5, 1H), 6.10 (d,
J=4.0, 1K), 3.80 - 3.76 (m, 4H), 3.46 - 3.42 (m,
4H) .
{3-(7-Morphiolin-4-
ylguinazclin-4-yl)- D A
phenyjth:azol-2-yl-
methanol (£na 1)
149
MS: 405.2 (M+H*); Ry
10.57min, (HPLC,
see racetnate

Chiralpak AD-H,
heptane/ethanol 40/60)
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OH
N
| ! -(7-Morphiolin-4-
Q_{\ g [3-(7-Morpholin-4
yiguinazclin-4-yl)- A
N phenyljthiazol-2-yl-
150 N methanot (£na 2)
1/\,\! N
8
MS: 405.2 (M+H*); Ri13.55
min, (HPLC, Chiralpak AD- | see raceinate
H, heptane/ethanol 40/60)
S
<\/ 1-[5-(7-Morpholin-
4-ylquinazclin-4-yl)- ;
pyridin-3- yi}-1-
thiazol-2-ylethanol
- Enat
151 | ( )
O\)
MS: 420.2 (M+H*); R1 8.95
min, {(SFC, Chiraipak AS-H,
C02/10% by vol. of see raceimate
methanol, 0.5% by vol. of
diethylamine) a
HO,
S e - .
| <\ ﬂ’ > \ﬁ o 1-[5—(:A-Morphohn~
: NN % 4-ylquinazolin-4-yl)-
i pyridin-3. yli-1- A
i Jl/j/\N thiazol-2-ylethanol
152 N 7 (Fna2)
o
MS: 420.2 (M+H*), R:
10.45min, (SFC, Chiralpak
AS-H, CO2 / 10% by vol. of | see raceinate
methanol, 0.5% by vol. of
diethylamine)
! \ /OH
i S N\
Yy 1-{4~(7-Morpholin-
4-ylquinazelin-4-yl)-
NN pyridin-2- yli-1-
| ) thiazol-2-ylethanol
( (\N rZ N/
153 0\)

MS: 420.2 (M+H*)

TH NMR {400 MHz, DMSO-d8) ppm = 8.1 (s,
1H), 8.73 (dd, J=5.0, 0.8, 1H), 7.99 - 7.97 (m,
1H), 7.79 (4, J=9.4, 1H), 7.72 (d, J=3.2, 1H),
7.64 (dd, J=:5.0, 1.6, 1H), 7.62 (d, J=3.2, 1H),
7.56 (dd, J=9.5, 2.8, 1H), 7.23 (d, J=2.5, 1H),
6.84 (s, 1H), 3.81-3.75 (m, 4H), 3.49 - 3.44

(m, 4H), 2.04 (s, 3H)
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HQ
Y4
/° = .
\\/im ke | 1-[3-(7-Morpholin-
4-ylquinazclin-4-yl)-
I . . D B
Ny phenyl]-1-thiazol-2-
I ylethanol
!/\N/\y\N/)
154 | 6

MS: 419.2 (M+H*)

1H NMR (500 MHz, DMSO-d8) ppm = 9.07 (s.
1H), 7.96 -7.93 (m, 1H), 7.83 (d, J=9.4, 1H),
7.79-7.76 (m, 1H), 7.74 (d, J=3.2, 1H), 7.63 -
7.61 (m, IH), 7.80(d, J=3.3, i), 7.55(d,
J=7.7, 1H), 7.53 -7.50 (m, 1H), 7.20 (d, J=2.6,
1H), 6.82 (s, 1H), 3.81-3.75 (m, 4H), 3.47 -
3.42 (m, 4H), 1.98 (s, 3H)

155

S
SAGN
I

Shi

0

1-[4-methy!-3-(7-
morpholin-4-yl-
quinazolin-4-yl)- D
phenyl]-1-thiazol-2-
yiethanoi

MS: 433.2 (M+H*)

1H NMR {500 MHz, DMSO-d6) ppm = 9.07 (s,
1H), 7.70 (4, J=3.2, 1H), 7.61 (dd, J=8.0, 2.1,
1H), 7.57 (4, J=3.2, 1H), 7.48 - 7.44 (m, 2H),
7.34 (d, «=8.1, 1H), 7.32(d, J=8.3, 1H), 7.18
(d, J=2.5, 1H), 6.70 (s, 1H), 3.79-3.76 (m,
4H), 3.44-3.41 (m, 4H), 2.03 (s, 3H), 1.92 (s,
3H)

156

1-{4-(7-Morphotin-
4-ylquinazolin-4-yl)-
thiophen-2-yl]-1-
thiazel-2-ylethanol

i
£
i

TH NMR {400 MHz, DMSO-d6) ppm = 8.99 (s,
1H), 8.13 (d, J=9.5, 1H), 8.04 (d, J=1.5, 1H),
7.76 (d, J=3.2, 1H), 7.64 (d, J=3.2, 1H), 7.54
(dd, J=9.5, 2.8, 1H), 7.52 (d, J=1.5, 1H), 7.20
(s, 1H), 7.16 (d, J=2.6, 1H), 3.82-3.75 (m,
4H), 3.47 - 3.40 (m, 4H), 2.04 (s, 3H)

157

1-[4-(7-Morpholin-
4-ylguinazolin-4-yl)-
pyridin-2-yl}-1- D
thiazol-2-ylethanol
(Ena 1)

MS: 420.2 (M+H*), R
22 14min, (HPLC,
Chiralpak AD-H,
heptane/ethanol

see racernate
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70/30,0.5% by vol. of
diethylamine ) _
OH '
S N
<\/; | A 1-[4-(7-Morpholin-
N Z 4-ylquinazciin-4-yl)-
pyridin-2-yl}-1-
m thiazol-2-ylethanol
= {Ena 2)
158 | [ ) "
0
MS: 420.2 (M+H*); Rt
27.88min, (HPLC,
Chiralpak AD-H, see raceinate
heptane/ethanol
70/30,0.5% by vol. of
diethylamine )
F.C. OH
Cf Z | 2,2 2-Trifiworo-1-{3-
NN X (7-morpholin-4-yl-
i quinazoliy-4-yl)- D
m phenyl}-1-thiazol-2-
A ylethanot
159 | [N N
O\)
1H NMR (500 MHz, DMSQO-d8) ppm = 9.08 (s,
1H), 8.54 (s, 1H), 8.15-8.13 (m, 1H), 7.98 -
. . 7.95 (m, 1H), 7.94 (d, J=3.3, 1H), 7.87 (d,
MS: 473.0 (M+H") J=32 1H), 7.83 - 7.79 (m, 2H), 7.67 (t, J=7.8,
1H), 7.53(dd, J=9.5, 2.6, 1H). 7.21(d, J=2.6,
1H), 3.80-3.76 (m, 4H), 3.47 - 3.43 (m, 4H)
[5-(7-Morpholin-4-
yiguinazolin-4-yl}-
thiophan-2-yl}-
thiazol-2-yl-
methano! ((na 1)
160
MS: 409.0 (M-H*);
O-TBDPS ether derivative:
Rt 4.78min (SFC, Chiralpak see racemate
AD-H, CO2/ 30% by vol. of v
2-propanol, 0.5% by vol. of
diethylamine
s OH -
O
N [5-(7-Morptiolin-4-
ylquinazclir-4-yl)-
thiophen-2-yl]-
161 /@: thiazok2-yl-
Ny N,) methanol (£na 2)
i
O~
MS: 409.0 (M-H*); -
O-TBDPS ether derivative: | S¢© racemaite
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Rt 7.20 min (SFC,
Chiralpak AD-H, CO2/30%
by vol. of 2-propanol, 0.5%
by vol. of diethylamine

OH
S\\%(\ 1-{2-Fluoro-3-(7- .
Q/N " /\/ mqrphohj‘\—zbyi-
i quinazolia-4-yl)- : D
| ey phenyl}-1-thiazol-2- |
462 (\N N¢j ylethanol ! | !
0\)
1H NMR (500 MHz, DMSO-d8) ppm = 9.07 (s,
1H), 7.94 - 7.87 (m, 1H), 7.71(d, J=3.2, 1H),
MS: 437.2 (M+H*) 7.63 (4, v=3.3, 1H), 7.55-7.40 (m, 4H), 7.17
(d, J=2.4 1H), .75 (s, 1H), 3.79-3.74 (m,
4H), 3.46 - 3.40 (m, 4H), 2.01 (s, 3H)
1-{4-Fluoro-3-(7-
marpholin-4-yl-
‘ quinazolin-4-yf)- C D C
i phenyl]-1-thiazol-2-
ylethanol
163
1H NMR (400 MHz, DMSO-d6) ppm = 9.11 (s,
1H), 7.82-7.75(m, 2H), 7.73 (d, J=3.2, 1H),
. . 7.61(d, y=3.2, 1H), 7.53 - 7.50 (m, 2H), 7.41 -
| MS: 437.2 (M+H') 7.36 (m, 1H), 7.20 (d, J=1.9. 1H), 6.90 (s, 1H),
3.80 - 3.75 (M, 4H), 3.46 - 3.41 (m, 4H), 1.95
; (s, 3H)
l OH I
se / :
(L,ﬂ — [5-(7-Morphiolin-4-
I xS ylquinazelin-4-yl)-
| thiophen-3-yl]- D ;
; N thiazo -2-yI- ‘
methanol
i 1ea | [N N/) !
o\) ' ;

MS: 411.0 (M+H?)

|

1H NMR (500 MHz, DMSO-d6) ppm = 8.95 (s,
1H), 8.30 (d, J=9.5, 1H), 7.93 (d, J=1.3, 1H),
7.80-7.78 (m, 1H), 7.76 (d, J=3.2, 1H), 7.67
(d, J=3.2. 1H), 7.62 (dd, J=9.5, 2.7, 1H), 7.17
(d, J=2.6. 1H), 6.93 (d, J=5.0, 1H), 6.14 - 6.11
(m, 1H), 3.81-3.76 (m, 4H), 3.48 - 3.43 (m,
4H)

PCT/EP2014/001236




WO 2014/183850 - 103 -
(. 1-[4-(7-Morpholin-
4-ylquinazolin-4-yl)-
thiophen- 2-yi}-1- D
thiazol-2-ylathanol
) (Ena 1)
. 165 (\N
MS: 425.0 (M+H*); R 1H NMR'I(SOO I\_AHZ, DMSO-d6) ppm_= 8.99 (s,
: . 1H), 8.13(d, J=9.4. 1H), 8.05(d, J=1.5, 1H},
5.32min, (SFC, Chiralcel - - - _
OJ-H, CO2 / 25% by vol. of 7.76 (d, v=3.2, 1H), 7.64 (d, J=3.2, 1H), 7.54
2-propanol. 0.5% by vol. of (dd, J=9.3, 2.6, 1H). 7.52 (d, J=1.5, 1H), 7.20
digthﬂamiée)'“’ o DY VOLOL 1 (s 1H), 7.6 (d, J=2.6, 1H), 3.81-3.74 (m
Y 4H), 3.46 - 3.39 (m, 4H), 2.04 (s, 3H)
OH
7)/}‘ 1-{4~(7-Morpholin-
4-ylquinazclin-4-yl)-
thiophen- 2-yl}-1- D
| N XYy thiazol-2-ylethanal
(Ena 2)
166 (\NMN/)
: 0
MS: 425.0 (M+H"): Ry 1H NMRA(SOO I\sz. DMSO-d6) ppm = 8.99 (s,
X . 1H), 8.13(d, J=9.4, 1H), 8.05(d, J=1.5, 1H),
7.18min, (SFC, Chiralce! - . A
o . 1 7.76(d, v=3.2, 1H), 7.84 (d, 4=3.2, 1H), 7.54
GJ-H, CO2 / 25% by vol. of s -
2-pronanol. 0.5% by vol. of (dd, J=8.5, 2.7, 1H), 7.52 (d, J=1.5, 1H), 7.20
N plamir';e)'h o DY VOl (s, 1H), 7.16 (d, J=2.6, 1H), 3.81-3.75 (m,
y 4H), 3.46 - 3.40 (m, 4H), 2.03 (s, 3H)
OH
[5-(7-Morptiolin-4-
ylquinazciin-4-yl)-
thiophen-3-yl]- D
thiazoi-2-yl-
: methano’ (Ena 1)
| 167
MS: 411.0 (M+H*); TH NMR (500 MHz, DMSO-d8) ppm = 8.95 (s,
O-TBDPS3-Etherderivat: Rt | 1H), 8.30 (d, J=8.5, 1H), 7.94 - 7.92 {m, 1H),
13.11min (SFC, Chiralpak | 7.79-7.78 (m, 1H), 7.76 (d, J=3.2, 1H), 7.67
IA. CO2/20% hy vol. of (d, J=3.2 1H), 7.62(dd, J=9.5.2.7, 1H), 7.17
2-methanol, 0.5% by vol. of | (d, J=2.6 1H), 6.93 (d, J=5.0, 1H), 6.12 (d,
diethylamine J=4.9, 1H). 3.81-3.77 (m, 4H), 3.47 - 3.44 (m,
4H)
OH
S
g_{, = [5-(7-Morphalin-4-
2 yiquinazclir-4-yi)-
/l\ thiophen- 3-yli]- D
168 (\/ N thiazol-2-yl-
i -y
~ P . _ methanot (na 2)
£
MS: 411.0 (M+H™); 1H NMR {500 MHz, DMSO-d6) ppm = 8.95 (s,
O-TBDPS ether derivative: | 1H), 8.3()1(d, J=9.5, 1H), 7.4 -7.82 (m, 1H),
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Rt 16.82min (SFC, 7.79-7.78 (m, 1H), 7.76 (d, J=3.2, 1H), 7.67
Chiralpak 1A, CO2/20% by | (d, J=3.2 1H), 7.62 (dd, J=9.5, 2.7, 1H), 7.17
vol. of 2-methanol, 0.5% by ! (d, J=2.6.1H), 6.83 (s, 1H), 6.12 (s, 1H), 3.82
vol. of diethylamine -3.74 (m 4H), 3.50 - 3.42 (m, 4H)

OH
s F
@/\@/ [3-Fluoro-57-
N morpholin-4-yl-
quinazolin-4-yi)- C D
\jx phenyl]thia:zol-2-y!-
methano:
!/ Z
| 169 | (7N N
o
1H NMR (500 MHz, DMSO-d6) ppm = 9.08 (s,
1H), 7.86 (d, J=9.4, 1H), 7.77 (d, J=3.2, 1H),
; . N 7.68 -7.66 (m, 2H), 7.54 (dd, J=9.4, 2.6, 1H),
| MS: 423.0 (M+H") 7.51-7.6 (m, 2H), 7.21 (d, J=2.6, 1H), 7.08
(d, J=4.7 1H). 6.14 (d, J=4.7, 1H), 3.80-3.76
(m, 4H), 3.47 - 3.43 (m, 4H)
OH F
s A
\ | [2-Fluoro 5+(7-
N Pz morpholin-4-yl-
quinazolin-4-yl)- C C
; NN phenyljthiazol-2-yi-
E (\N 7 methanoi
170 0\)
1H NMR (500 MHz, DMSO-d8) ppm = 9.04 (s,
1H), 7.85-7.81 (m, 2H), 7.77 -7.73 (m, 1H),
7.72(d, =32, 1H), 7.66 (d, J=3.2, 1H), 7.52
MS: 423.0 (M+H?*) (dd, J=9.5, 2.8, 1H), 7.44 - 7.39 (m, 1H), 7.18
(d, J=2.5 1H), 7.05(d, J=4.9, 1H), 6.28 (d,
J=3.8, 1k). 3.79-3.75(m, 4H), 3.33-3.29 (m,
4H)
oH |
3 F
& [3,4-Difluoro-5-(7-
NN . morpholin-4-yl-
quinazolin-4-yi)- A : B D
m pheny!jth-azol-2-yl- | ’
P methanol
17| N N
i O\) : i
1H NMR (500 MHz, DMSO-d6) ppm = 9.11 (s,
1H), 7.75 (d, J=3.2, 1H), 7.72 - 7.66 (m, 2H),
. N 7.61-7.£7 {m, 1H), 7.56 - 7.49 (m, 2H), 7.21
MS: 441.0 (M+H") (d, J=2.4, 1H), 7.10 (d, J=4.8, 1H), 6.10 (d,
J=4.8, 1H), 3.81-3.75 (m, 4H). 3.48 - 3.43 (m,
. 4H)
| £C. OH
i 5.
; W i 2,2,2-Trifwore-1-[3-
! NN (7-morphalin-4-yi-
| 172 quinazolin-«-yl)- C D
! ,l/\,/ A phenyl]-1-thiazol-2-
, A ylethanol (Ena 1)
i' I/\N N
! L
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MS: 473.0 (M+H*); Ry
12.21min, (HPLC,
Chiralpak AD-H,
n-heptane/ethanol, 70:30,
vol..vol )

see racernate

2,2 2-Trifuoro-1-[3-
(7-merpholin-4-yi-

quinazoli 1-4-yl)- A i C D
phenyl]-1-thiazol-2- !
ylethanol (Ena 2) |
173 i
H
MS: 473.0 (M+H*); R:
16.91min, (HPLC,
Chiralpak AD-H, see raceinate
n-heptane/ethanol, 70:30,
f vol..vol. ) _
OH
<\.«’N “/: 7_—Mo_r§ho;in-;1-y;-4-
piperidin-1-yl- :
Ny thienc(3,:2-d}- i C D
pyrimidina
. N N/)
174 |
1H NMR (500 MHz, DMSO-d6) ppm = 9.10 (s,
1H), 8.83-8.85(m, 2H), 8.19 - 8.17 {(m, 1H),
7.84 (d, =94, 1H), 7.78 (d, J=3.2, 1H), 7.68
MS: 305.2 (M+H?*) (d, J=3.2 1H), 7.56 (dd, J=9.5, 2.6, 1H), 7.22
(d. J=2.6 1H), 7.14 (d, J=4.8, 1H), 6.23 (d,
i J=4.8, 1H), 3.81-3.76 (m, 4H), 3.48 -3.43 (m,
?, 4H)
, 9/
S\M/\/\ 4-[2-Fluorg-5-
<\/N l\/\‘_ {methoxy-thiazoi-2-
P ylmethylyohenyl}-7- | D
/@fﬁq morpholin-¢-yl-
i quinazoline
175 I/\N = N//

o

MS: 337.2 (M+H?)

1H NMR (500 MHz, DMSO-dé) ppm = 9.11 (s,
1H), 7.78 (d, J=3.2, 1H), 7.73 (d, J=3.2, 1H),
7.67 -7.€2 (m, 2H), 7.54 -7.52 (m, 2H), 7.49 -
7.44 (m, 1H), 7.21-7.19 (m, 1H), 5.84 (s, 1H),
3.80 - 3.5 (m, 4H), 3.46 - 3.43 (m, 4H), 3.43
(s, 3H}
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~p
\S\”/ K,/\ 4-[2-Fluoro-5-(-
<\/N h\)\ methoxy-thiazol-2-
J\ F yimethyl)ohenyl]-7-
N morpholin-4-yl-
" uinazolize (Ena 1
176 ‘/\N 7 q ( )
5
MS: 437.2 (M+H"*); Ri 8.47
min, (SFC, Chiralcel OD-H,
€02/ 20% by vol. of see racemate
2-propanol, 0.5% by vol. of
diethylamine)
o
S T 4-[2-Fluoro-5-(-
<\.,,\'1 ' methoxythiazot-2-
ror ylmethylyohenyl]-7- A
m\. morpholin-4-yl- :
P quinazoline (Ena 2) i
177 NTNF N
9
MS: 437.2 (M+H*); Rt 9.90
min, (SFC, Chiralcel OD-H,
CO2/20% by vol. of see raceinate
: 2-propanol, 0.5% by vol. of
diethylamine)
S l F
< Y o [3.4-Diftu oro-5-(7-
N\ A\, morpholin-4-yl-
i quinazolia-4-yl)- A
! /@j\ phenyllthiazol-2-yl-
ethanot (Ena 1
178 j/\N o N/) methanot (£na 1)
o
MS: 441.0 (M+H*); R(8.34
min, (SFC, Chiralcel OD-H,
C02/20% by vol. of see racetnate
2-propanol, 0.5% by vol. of
diethylamine)
OH |
: ~. F .
1 <S/| N [3,4-Difiu 2ro-5-(7-
N\ N morpholil-4-yl- !
quinazolin-4-yl)- | D
| X \)N pheny Jthiazol-2-yl- |
P methanoi (Fna 2) '
179 | N E
°© %
MS: 441.0 (M+H*); Rt9.68
min, (SFC, Chiralcel OD-H,
CO2 /20% by vol. of see raceinate
2-propanol, 0.5% by vol. of
diethylamine)
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OH
S
W N [6-Fluoro-5-(7-
N Zas morpholin-4-yl-
' quinazolin-4-yl)- A C D
pyridin-3-yijthiazol-
2-yImathanol
180 | N N
o)
1H NMR (400 MHz, DMSO-d6) ppm = 9.11 (s,
! 1H), 8.56 - 8.52 (m, 1H), 8.21 (dd, J=9.0, 2.3,
. 1H), 7.77(d, J=3.2, 1H), 7.69(d, J=3.2, 1H),
MS: 424.2 (M+H*) 7.59-7.82 (m, 2H), 7.23-7.20 (m, 1H), 7.18
(0, J=4.7. 1H), 6.23 (d, J=4.5, 1H), 3.82-3.73
{m, 4H), 3.50 - 3.42 (m, 4H)
Hoo E t
: N [2-Chlorc-4-fluoro- I
! <\,s 5-(7-morpholin-4-yl- |
' { F guinazolin-4-yi)- ; :
} (\l/gN pheny(-methy- A 1B D
! iazol-2-yli-
- 181 (\N/ \/I\N’/'i methano!
D\)
1H NMR (500 MHz, DMSO-d6) ppm = 9.10 (s,
MS: 471.1/473.1 (M+H*) 1H), 7.73(dd, J=10.5, 8.8, 2H), 7.57 - 7.51 (m,
(Cl isotopy, rel. peak 2H), 7.22-7.18 (m, 2H}, 6.97 (s, 1H), 6.26 (s,
intensity ratio [%] 100:42) 1H), 3.80 - 3.74 (m, 4H}, 3.49-3.41 (m, 4H),
, 2.30 (d, /=1.0, 3H)
[3-(6-Maorpholin-4-
yithieno[G,2-d}-
pyrimidin -4-yl}- C C
phenyllthiazol-2-yi-
methano;
| 182
1H NMR (400 MHz, DMSO-d6) ppm = 8.90 (s,
1H), 8.1 (1, J=1.8, 1H), 7.97-7.93 (m, 1H),
i . 7.73(d, =3.2, 1H), 7.68 - 7.64 (m, 2H), 7.61 -
MS: 411.0 (M+H") 7.54 (m, 1H), 6.93 (d, J=4.4, 1H), 6.54 (s, TH).
6.09 (d, J=4.4, 1H), 3.81-3.74 (m, 4H), 3.47 -
3.41 (m, 4H)
OH
SN .
@ | N [5-(7-Moi pholin-4-
N = yiquinazcliri-4-yi)-
pyridin-3-yljthiazol- | C
N 2-ylmethanol (Ena
183 /, 1)
|/\N N
I
MS: 406.0 (M+H*); Re
20.67min, (HPLC, Chiralcel | see raceinate
OD-H, 2-propanol)
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OH
(WN [5-(7-Morprolin-4-
\_h \/‘ ylguinazcdin-4-yl)-
i pyridin-3-yljthiazol- | C
g | Xy 2-yImethanol (Ena
184 (\N & N/) 2)

o/

MS: 406.0 (M+H*); Rt

2419 min, (HPLC, .

Chiralcel OD-H. see racetnate

2-propanol)
(S)-[2-Chloro-4-
fluoro-5-(7-
morpholin--yl-
quinazolia-4-yl)-
phenyll-(H- AL B A
hydroxymethyl-
thiazol-2-yf)-

| 185 methanoi—

' MS: 487.1/489.1 (M+H") | 1H NMR (500 MHz, DMSO-d6) ppm = 9.10 (s,
(Clisotopy, rel. peak 1H), 7.73(dd, J=8.6, 4.8, 2H), 7.58 - 7.50 (m.
intensity ratio [%] 100:41); | 2H), 7.30- 7.34 (m, 1H), 7.22-7.18 (m, 1H),
Rt 2.83min (SFC, Chiralpak 1 7.02 (d, .=5.0, 1H), 6.27 (d, J=5.0, 1H), 5.27
AD-H, CO2/40% by vol. of | (t J=57, 1H), 4.51-4.47 (m, 2H), 3.80 - 3.74
methanol, 0.5% by vol. of (m, 4H), 3.48 - 3.40 (m, 4H)
diethylamine)

o7 (R)-[2-Ct loro-4-
Ny RN 1 fluoro-5-(7-
HO/\<\_--S I P morpholin-4-yl-
F guinazolin-4-yl)- c c D
A heny!-(-1-
N Xy P .
| ) hydroxyniethyl-
N T thiazol-2-yl)-
186 ,\'-)\) methano!
MS: 487.1/489.1 (M+H") 1H NMR (500 MHz, DMSO-d6) ppm = 9.10 (s,
(Clisotopy, rel. peak 1H). 7.73 (dd, J=8.6, 4.5, 2H), 7.57 - 7.52 (m,
intensity ratio [%] 100:41); | 2H) 7.33-7.35 (m, 1H), 7.22-7.19 (m, 1H),
Rt 5.77min (SFE)D, Chiralpak | 7.03 (d, 4=5.0, 1H), 6.27 (d, J=5.0, 1H), 5.27
AD-H, CO2/40% by vol. of | (¢ J=57, 1H), 4.50 - 4.46 (m, 2H). 3.80 - 3.74
methanoi, 0.5% by vol. of (m, 4R), 3.48 - 3.42 (m, 4H)
diethylamine) -
oH I ‘
N {2-Chlorc-4-fluoro-
£ ﬁ/k I A 5-[7-(3-oxa-8-aza- | l:
Hofx\\ws 2N bicyclo[3 2. 1]oct-8- |
{ yliquinazalin-4-yll- | D D B
J@f\\ phenyl}-(4-hydroxy- ! i
A methyithiazol-2-yl)- [
?187 13 Nl N methanot :
' © i i ;-
1H NMR (500 MHz, DMSO-d6) ppm = 9.03 (s,
MS: 513.1/515.0 (M+H*) 1H), 7.77 (t, J=8.5, 2H), 7.50 (dd, J=9.3, 3.2,
(Clisotopy, rel. peak 1H), 7.4 (dd, J=8.4, 2.5, 1H), 7.37 - 7.35 (m,
intensity ratio [%] 100:41) | 1H), 7.13(d, J=2.4, 1H), 7.01 (d, J=5.1, 1H),
6.27 (¢, v=5.0, 1H), 5.26 (t, J=5.7, 1H), 4.52 -
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4.50 (m, 2H), 4.50 - 4.47 (m, 2H), 3.68 (d,
J=10.9, ZH}, 3.57 -3.50 (m, 2H), 2.09-1.94
{m, 4H)
[6-Fluoro-5-(7-
morpholin-4-yl-
quinazolin-4-yt)-
pyridin-3-ylithiazol- A c A
2-ylmethanol (Ena
i 188 1)
MS: 424.0 (M+H*); Ry 44.51
min, (HPLC, Chiralcel OD- see racemate
H, hexane/2-propanol N
80/20)
OH
SN Ry [6-Fluoro-5-(7-
<\/Ll P morpholin-a-yl-
F quinazolin-4-yl)- ; i_ !
| na . B B i B
N pyridin-3-yljthiazol- :
N !
J 2-yImethanol (Ena ‘
° |
MS: 424.0 (M+H*); Rt 49.66
min, (HPLC, Chiralcel OD- _
H, hexane/2-propanol see raceinate
80/20)
3 [2-Chlorc-4-fluoro- !
5-(7-morpholin-4-yl- |
quinazolin-4-yl)- |
phenyll-(t-ethyl- | C | B B
aminomethyl- ! ! :
thiazol-2-yl)- .
i 190 methano: |
1H NMR (500 MHz, DMSO-d6) ppm = 9.09 (s,
‘ N 1H), 8.25 (s, TH), 7.73 (d, J=1.6, 1H). 7.71 (s,
'(\“Csl'isiig'm:j'f:‘; HY L aH), 7.53-7.49 (m, 2H), 7.44 - 7.40 (m, 1H),
intensity‘?gﬁo [;,/Z t00ay | 7-23-7.18 (m, TH), 7.05 (s, 1H), 6.27 (s, 1H).
) 3.80-3.76 (m, 6H), 3.48 - 2.40 (m, 4H), 2.60
{q.J=7.1 2H), 1.01(t J=7.1 3H)
OH |
N \ (4-Amincmethyl
vy thiazob2-yl-{2-
: \/\F chiloro-4-luoro-5- c B B
’\N (Yimorpl'-lolmwai-yl—
| ) quinazolin-4-yi)-
190 N N pheny{lmethanal
1H NMR (400 MHz, DMSO-d6é) ppm = 9.09 (s,
MS: 486.0/488.1 (M+H") 1H), 8.30 (s, 1H), 7.76 - 7.69 (m, 2H), 7.57 -
(Cl isotopy, rel. peak 7.50 (m, 2H), 7.48-7.43 (m, 1H), 7.23-7.17
intensity ratio [%] 100:38) (m, 1H), 6.28 (s, 1H), 3.86 (s, 2H), 3.81-3.74
(m, 4H), 3.47 - 3.44 (m, 4H)

PCT/EP2014/601236
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(ol¥ o

72 ’ BN [4-F Iuorq 37~ i
" | morpholin-4-yl- i
N > : _ ‘
quinazoli1-4-yl)- |

/ A 5 A

SN phenyl]-( {-methyl- |
191 | 1H-pyrazol-4-yl)- i
(\"’/\/\N/ methano: ;

i

MS: 420.1 (M+H*)

TH NMR {400 MHz, DMSO-d8) ppm = 9.10 (s,
1H), 7.68-7.33 (m, BH), 7.31-7.15 (m, 2H),
5.76 (s, 2H), 3.90 - 3.64 (m, 7H), 3.51-3.39
(m, 4H)

{102

(4,5-Bimethyl-
thiazol-2-yl}-{2-
fluore-8-(7-
morpholin-4-yl- D
pyrido[4,3-d}-
pyrimidin-4 -yf)-
pyridin-3-yi}-
methanoi

TH NMR (400 MHz, DMSO-d8) ppm = 9.14 (s,
1H), 9.09 (s, 1H), 8.67 - 8.65 (m, 1H), 8.46
(dd, J=9.9, 2.4, 1H), 7.03 - 6.99 (m, 2H), 6.11
(d, J=5.2 1H), 3.77-3.68 (m, 8H), 2.31 (s,
3H), 2.19 (s, 3H)

194

|
(4,5-Dimathyl- ’ :
thiazo.-2- yI'-[2- !
fluoro-5-(7- i
morpholiti-«-yi- I
quinazolin-4-yl)- :
pyridin-3-yl:-
methano.

l
c | A

|

.
| i {

MS: 452.2 (M+H*)

TH NMR (400 MHz, DMSO-d6) ppm = 9.10 (s,
1H), 8.58 - 8.56 (m, 1H), 8.37 (dd. J=9.0, 2.4,
1H), 7.87 (d, J=9.4, 1H), 7.57 (dd, J=9.4, 2.6,
1H), 7.22(d, J=2.5, 1H), 6.99 (d, J=5.1, 1H),
6.11(d, c=5.1, 1H), 3.80 - 3.76 (m, 4H), 3.49 -
3.43 (m, 4H), 2.30 (s, 3H), 2.19 (s, 3H)

195

\)\//\1 N

.

OH
’/

S
\\

H
H

P

/
Z

A

)=

o
N/

[6-Fluoro-5-(7-
marphaolin-4-yl-
pyrido[4,3-d}-
pyrimidin-4-yl)- D B
pyridin-3- yti-(4-
methyi-thiazol-2-yi)-
methano:

MS: 439.0 (M+H")

TH NMR (400 MHz, DMSO-d8) ppm = 9.17 (s,
1H), 8.90 (d, J=2.5, 1H), 8.57 - 8.53 (m, 1H),
8.29 (dd. J=0.1, 2.4, 1H), 7.24 - 7.21 (m, 1H).
7.10 (¢, ¢=4.9, 1H), 7.00 (s, 1H), 6.16 (d,
J=4.9, 1H), 3.79 - 3.67 (m, 8H), 2.33 (d, J=1.0,
3H)
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| 196

{4,5-Dimethyl- ;
thiazal-2-yl;-{6- !
fluoro-5-(7-
morpholin-4-yl-
pyrido{4,3-d}-
pyrim'din 4-yl)- ! :
pyridin-3-yt- ]
methano: E

1H NMR (500 MHz, DMSO-d8) ppm = 9.16 (s,
1H), 8.90) (d, J=2.4, 1H), 8.53 (d, J=2.3, 1H),
8.27 (dd, J=29.1, 2.4, 1H), 7.06 (d, J=4.9, 1H),
6.99 (s, 1H), 6.08 (d, J=4.9, 1H), 3.76 - 3.69
(m, 8H), 2.30 (s, 3H), 2.21 (s, 3H)

197

[4-Fluoro-3-(7-
morpholin-4-yl-
quinazolin-4-yl)-
phenyl]-(1- B C D
isopropyl-1H4-
pyrazol-4-yi)-
methano

TH NMR (500 MHz, DMSO-d8) ppm = 9.10 (s,
1H), 7.64 - 7.60 (m, 1H), 7.60 - 7.57 (m, 2H),

7.56 - 7.50 (m, 2H), 7.41-7.35 (m, 1H), 7.28

(s, 1H), 7.20 (d, J=2.2, TH), 5.76 (s, 2H), 4.42
(h, J=6.6 1H), 3.80 - 3.76 (m, 4H), 3.46 - 3.42
(m, 4H), 1.36 (d, J=6.7, 6H)

| 108

(1-tert-Butyl-1H-
pyrazol-4-y!)-{2-
fluoro-5-(7- ; :
morphotin-4-yl- C P A
quinazolin-4-yl)- |

pyridir-3-yl;- i
methano!

MS: 463.2 (M+H")

1H NMR (500 MHz, DMSO-d6) ppm = 9.10 (s,
1H), 8.5 - 8.49 (m, 1H), 8.46 (dd, J=9.4, 2.6,
1H), 7.89 (d, J=9.4. 1H), 7.73 (s, 1H), 7.57
(dd, J=9.3, 2.6, 1H), 7.36 (s, 1H), 7.23(d,
J=2.5, 1K), 6.02 (d, J=4.8, 1H), 5.95 (d, J=4.6,
1H), 3.82 -3.75 (m. 4H), 3.50 - 3.42 (m, 4H),
1.48 (s, SH)

199

il

4-15-(Difluoro-
methoxy-thiazol-2-
yimethy!)-2-fluoro-
phenyl}-7- .
marpholin-4-yl-
quinazolie

MS: 473.0 (M+H*)

1H NMR (400 MHz, DMSO-d6) ppm = 9.11 (s,
1H), 7.85 (d, J=3.2, 1H), 7.81(d, J=3.2, 1H),
7.73-7.71{m, 2H), 7.55-7.52 (m, 2H), 7.52 -
7.48 (m, 1H), 7.22-6.82 (m, 3H), 3.80 - 3.75
(m, 4H), 3.48 - 3.42 (m, 4H)
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OH

[4-Fluoro-3-(7-
morpholin-z-yl-
quinazolin-4-yi)-

90/10)

/ phenyl}-(>-hydroxy- | B C A
m methyl-4- methyl-
— thiazel-2-yI'-
200 [ } N methano
’ 0\/
1H NMR (500 MHz, DMSO-d6) ppm = 9.11 (s,
1H), 7.70-7.63 (m, 2H), 7.55-7.50 (m, 2H),
o . 7.44-7.29 (m, 1H), 7.22 - 7.19 (m, 1H), 6.81
MS: 467.2 (M+H") (d, J=4.5 1H), 5.95 (d, J=4.3, 1H), 5.35 (t
: J=5.6, 1H), 4.54 (d, J=5.4, 2H), 3.8 - 3.75 (m,
4H), 3.47 - 3.42 (m, 4H), 2.22 (s, 3H)
i e 1-(2-[2-Chioro-4-
: ~ = fluoro-5-(7-
| \ | M
HO S S morpholin-4-yl-
! quinazolit-A4-yi)- B B B
/@? phenylJhvdroxy-
s 7 methyl}thiazol-4-yl)-
L 204 S | ethanol
1H NMR (500 MHz, BMSO-d6) ppm = 9.11 -
9.09(m, tH), 7.75-7.70 (m, 2H), 7.565-7.52
MS: 501.0/503.0 (M+H*) (m, 2H), 7.34-7.32 (m, 1H), 7.21-7.19 (m,
(Clisotopy, rel. peak 1H), 7.00-6.96 (m, 1H), 6.28 -8.25 (m, 1H),
intensity ratio [%] 100:39) 526-5-8(m. 1H), 477 -470 (m, 1H), 379 -
3.75 (m, 4H), 3.47 - 3.43 (m, 4H), 1.36-1.30
{m, 3H)
OH ¢l
\ A [2-Chlorc-4-fluoro-
= ~
L'N\ | | ) 5-(7-morpsholin-4-
N F ylquinazelin-4-y)- | B B
p Ny phenyil-(1-ethyl-
/.\/jl\ ) 1H-pyrazol-4-yl)-
(\N XN methano’
202 | 5 J
1H NMR (500 MHz, DMSO-d8) ppm = 9.12 (s,
1H), 7.91-7.88 (m, 1H), 7.64 (d, J=9.6, 1H),
MS: 468.0/470.0 (M+H*) 7.59 (dd, J=9.4, 3.2, 1H), 7.57 - 7.52 (m, 2H),
(Cl isotopy. rel. peak 7.29 (s, 1HY, 7.22-7.20 (m, 1H), 5.98 (d,
intensity ratio [%] 100:35) | J=4.8, 1Fi}, 5.93 (d, J=4.8, 1H), 4.08 - 4.02 (m,
2H), 23.81)-3.76 (m, 4H), 3.48 - 3.43 (m, 4H),
1.34-1.28 (m, 3H)
¢H (4,5-Dimethyl-
SNy thiazol-2-yI'-[6-
\__3'. i\ I fluoro-5-(7-
/ F morpholin-4-yl-
7 r pyridof4, 3-di)- D D A
! /\(\ ; pyrimidin-4-yl)-
L 203 /\NMN() pyridin-3-yl}-
o \/ methanot (Fna 2)
MS: 453.2 (M+H*); Re
73.68min, (HPLC, Chiralcel .
OD-H, hexane/2-propanol see raceinate
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!
oA (R)-(4,5-Nirnethyl-
\g\i N thiazol-2-yF -[6-
| fluoro-5-(7-
N
/ %J\ F morpholin-d-yi- o c
pyrido[4,3-d}-
N4\”/§&“ pyrimidin -4-yi)-
204 (\N X N// pyridin-3-ytj-
3 methanot (Ena 1)
MS: 4532 (M+H"); R
68.00min, (HPLC, Chiralcel
OD-H, hexane/2-propanol see racemnate
90/10)
(4,5-Dimethyl-
! thiazol-2-yl-[2-
; fluoro-5-(7-
1 morpholin-4-yl- D c
I quinazoli-4-yh-
- 205 pyridin-3-yij-
methano! (Ena 1)
MS: 452.2 (M+H*); Rt
24.50min, (HPLC, see racemate
Chiralpak AD-H, ethanol)
o
S L 4,5-Dimathyl-
< ﬁ/\fLIN thiazo -2-ylj-[2-
N Xy /J fluoro-5-(7-
\/J\ marpholin--yl- B
ANy quinazoli 1-4-yl)-
208 /I% M pyridir-3-yi}-
N N methano (na 2)
O\)
MS: 452.2 (M+H*); Rt
, 27.44min. (HPLC, see raceimate
i Chiralpak AD-H, ethanol)
EXAMPLE 207

[4-Fluoro-2-methyl-5-(7-morphoelinylquinazolin-4-yiiphenylthiazol-2-ylmethanol (EXAMPLE

207)

S

-2

‘Pti,P)4Pd, Na,CO,
glyme, 80°C. 18 h
B ——

(94%)
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Methyl 4-fluoro-2-methyl-5-(7-morpholinyiquinazoiin-4-yl)benzoate was prepared analogously
to the synthetic processes described under EXAMPLES 1 and 2 starting from 4-chloro-7-
morpholin-4-ylguinazoline and methy! 4-fluoro-2-methy!-5-(4,4 5 5-tetramethyl-1,3,2-dioxa-
borolan-2-yl)benzoate.

S sec-BuLi, TEF
&W + I F (-)78°C

N ——ttteerret
XN (65%)
P
(\N N ’r

[4-Filuoro-2-methyl-5-(7-morphelinylguinazolin-4-yhphenyljthiazol-2-yimethanone was pre-

pared analogously to the synthetic processes described under EXAMPLE 138 starting from
thiazole and methy! 4-fluoro-2-methyl-5-(7-morpholinylquinazolin-4-yl)benzoate.

CI)H
T
\s
NaBH,, MeOH F

——

(54%

0
P, o
'/\N "~ N/'
6
EXAMPLE 207

[4-Fluoro-2-methyl-5-(7-morpholinylquinazolin-4-yl)phenyllthiazol-2-yimethanol (EXAMPLE

207) was prepared analogously to the synthetic processes described under EXAMPLES 1
and 2 starting from [4-fluoro-2-methyl-5-(7-morpholinylguinazolin-4-yl)phenyllthiazol-2-yl-
methanone.

EXAMPLE 208

[3-(2-Ethynyl-7-morpholinylquinazolin-4-yi)-4-fluorophenylithiazol-2-yimethanol (EXAMPLE
208)
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Cl

S X \N a) (Ph 3P),PdCl,
KOAcg, 1.4-dioxane
Cl o) (Cy,P),PdCl,. B
Na.CO,

(89%)

[3-(2-Chloro-7-morpholinylquinazolin-4-yl)-4-fiLorophenyljthiazol-2-yimethanol was prepared
analogously to the synthetic processes described under EXAMPLE 138 starting from (3-
bromo-4-flucrophenyl)thiazol-2-yimethanol and 4-/2 4-dichloroquinazolin-7-ylymorpholine.

. : o/i

N Cul, (Ph,P),PACI,.
( Ph2IPy, DIPEA

XN Xy T 7 DWF. 140°C, 1h A \N
NN N’yLCI g “ 1/\N /\
o S

— ]
[3-(2-Chloro-7-morpholinylguinazolin-4-yl)-4-fluorophenyljthiazol-2-yimethanol (102 mg,
0.225 mmol) was dissolved in oxygen-free N,N-di-nethylformamide (4 mi) in an argon atmos-
phere. Cul (17 mg, 90 umoi), (PhaP).PdCl, (63 my¢j, 90 umol), 2-diphenylphosphanylpyridine
(95 mg, 0.358 mmol), DIPEA (765 i, 4.49 mmol) and triethylethynylsilane (275 i,
1.48 mmol) were subsequently added. The reaction mixture was then heated at a fempera-
ture of 140°C for 1 h. For work-up, ethyl acetate (50 mi), water (10 ml) and saturated sodium
chloride solution (15 ml) were added. The aqueous phase was separated off and extracted
with ethyl acetate (20 ml}. The combined organic phases were dried over sodium sulfate, fil-
tered, and the filtrate was evaporated to dryness i1 vacuo. The residue was dissolved in
dimethyl sulfoxide (2 ml) purified by means of RP chromatography (solvent: acetonitrile/
water/0.1% by vol. of HCOOH, CombiFlash Rf 200) The suitable product fractions were
combined. and the solvents were removed in a rotary evaporator, giving [4-fluoro-3-[7-
morpholinyl-2-(2-triethylsilylethynyl)quinazolin-4-yijphenyljthiazol-2-yimethanol (64 mg,
0.114 mmol, MS: 561.2 [M+H*], 50% vyield) as wex-like solid.
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QH OH

S (s
, G
<\/ aq. KOH, MeOH \\/N F

c

N
F
l
K\N N/)\ - l/\N N//\%
o\) _—/Si\]

o
EXAMPLE 208

[4-Fluoro-3-[7-morpholinyl-2-(2-triethylsilylethynyliquinazolin-4-yljphenyl]thiazol-2-ylmethanol
(652 mg, 0.985 mmol) was dissolved in methanol (102 ml). Potassium hydroxide solution
(1.0M, 15 ml, 15 mmel) was subsequently added and the mixture was stirred at room tem-
perature for 90 min. When the reaction was compiete, the mixture was carefully neutralised
using hydrochloric acid (1.0 M, 15 mi, 15 mmol). Eithyl acetate (500 ml), water (100 mi) and
saturated sodium chloride solution (150 mi) were subsequently added. The phases were
separated, and the aqueous phase was extracted with ethyl acetate (100 ml). The combined
organic phases were dried over sodium suifate, filtered, and the filtrate was evaporated to
dryness in vacuo. The residue, dissofved in dimetayl sulfoxide (8 mi), was purified by means
of flash column chromatography (gradient: dichlorornethane/0-5% by vol. of ethanol, Combi-
Flash Rf 200). The suitable product fractions were combined, and the solvents were removed
in a rotary evaporatar, giving [3-(2-ethynyl-7-morgholinylquinazolin-4-yl)-4-fluorophenyl}-
thiazol-2-yimethanol (EXAMPLE 208, 221 mg, 0.495 mmol, MS: 447.1 [M+H’], 50% yield) as
solid.

Compounds which were prepared analogously to EXAMPLES 207 and 208 can be found in
Table 6 below.

Table 6: Compounds of the formula (i)

| [Ceo |iCs0 | Ki
No. | Structural formula Name DNA- | pDNA- | [Kv1.11
PK PK hERG]

OH i
(3 AN [4-Fluoro-2-
i P methyl-5-(7 -
F morpholin-4-yi- A B B
N Ny quinazolin-4-yl)-
. 207 | ) phenyljttiazol-2-
]/\N aa ylmethanol

0

1H NMR (500 MHz, DMSO-d6) ppm = 9.09 (s,
MS: 437.1 (M+H*) 1H), 7.7 (d, J=3.2, 1H), 7.84 (d, J=3.2, 1H),
7.62 (d, J=7.5, 1H), 7.58 - 7.51 (m, 2H), 7.28




WO 2014/183850 -7 -
(d, J=10.3, 1H), 7.19(d, J=2.1, 1H), 6.84 (s,
1H), 6.20 (s, 1H), 3.80-3.75 (m, 4H), 3.48 -
3.43 (m, 4H), 2.49 (s, 3H)
[3-(2-Ethynyl-7-
morpholin-4-yi-
quinazolin-4-yl)-
4-fluoro-phenyl}- B B D
thiazol-2- yI~
208 methano:
1H NMR (500 MHz, DMSO-d6) ppm = 7.81 -
7.47 (m, 5H), 7.46 - 7.36 (m, 1H), 7.18 (d,
MS: 447.0 (M+H+) J=2.4, 1“), 6.99 (d J=4.6, 'EH), 6.08 (d, J=4.3,
1H), 4.3 (s, 1H). 3.80-3.74 (m, 4H), 3.49 -
3.41 (m, 4H)
OH
s [4-Fluoro-2-
</“ * i \E methyl-5-(7-
NN . morpholin-4-yl-
]/\' quinazolin-4-yh)- | D D A
n phenyllthiazol-2-
! , 2 yimethanol (Ena
| 209 N N 1)
o’
MS: 437.1 (M+H*; Ry 1H NMRA (400 r\sz, DMSO-d8) ppm = 9.09 (s,
; : 1H), 7.72(d, J=3.3, 1H), 7.68 - 7.59 (m, 2H),
4.77min (SFC, Chiracel OJ- - -4
_, 1 GOl 18% by vol. of 7.60 - 7.7 (m. 2H), 7.28 (d, J=10.9, 1H), 7.19
| m,ethazr}ml_ Ojs%yby vol of | & 1H), =5.[99 -6.71 (m, 1H), 6.20 (s,{)1H), 3.82
; disthylamine) -3.73(m, 4H), 3.48 - 3.42 (m, 4H), 2.58 - 2.50
(m,3H)
O |
o [4-Fluorc-2-
N -
<\ \,)/\Q methyl-5-(7-
LN a morpholin-4-yl-
| quinazolin-4-yi)- | B B A
m phenyljthiazol-2-
P yimethanol (Ena
210 | (7 N 2)
O
) . 1H NMR (400 MHz, DMSO-d6) ppm = 9.09 (s,
MS: 437.1 (M+H*), Ry 1H), 7.72 (d, J=3.3, 1H), 7.68 - 7.59 (m, 2H),
6.01min (SEC. Chiracel OJ- | 7,60 - 7.47 (m, 2H), 7.28 (d, J=10.9, 1H), 7.19
H, CO2/ 15% by vol. of (s, TH}, 5.99-6.71 (m, 1H), 6.20 (s, 1H), 3.82
methanol, 0.5% by vol. of | . 3.73(m, 4H), 348 -3 42 (m, 4H), 2.58 - 2.50
diethylamine) (m, 3H)
;
OH I '
<3\ﬂ/\(\ [4-Fluoro-3-(7- !
N\t A morpholin-4-yl- :
: guinazolin-4-yl)- | B B | A
/@j\.\l phenyllthiazol-2- l
L 211 | ylmetharol
’ Ir/\N N/) i
o |
TH NMR (400 MHz, DMSO-d6) ppm = 9.10 (s,
1H), 7.78-7.61 (m, 4H). 7.57 - 7.49 (m, 2H),

MS: 423.1 (M+H")

7.46 -7.57 (m, 1H), 7.23-7.17 (m, 1H), 6.95
(s, 1H), 6.08 (s, 1H), 3.81-3.74 (m, 4H), 3.48

PCT/EP2014/001236
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-1'8-

341 (m, 4H)

{4-Fluorg-3-(7-
morpholia-4-yl-
quinazolin-4-yl)-

phenyllttiazol-2- A D A
ylmetharol (Ena

212 R
. N TH NMR (400 MHz, DMSO-d8) ppm = 9.10 (s,
:”fgi?ﬁ&“ﬁg“g;ﬁg | 1H) 7.73(d,J=32, 1H), 7.71-7.63 (m, 3H),
O COs 7 10% by vol of | 755748 (M, 2H), 7.44-7.38 (m, 1H), 7.22-
o harol 0.5% byl of | 7-18 (M, 1H), 6.95 (d, J=456, 1H), 6.08 (d,
diethylarr;iné) o Dy VOL J=4.5 1H), 3.81-3.75 (m, 4H), 3.47-3.42
(m, 4H)
OH
/s ANFEN {4-Fluorc-3-(7-
N Py morpholia~4-yl-
F quinazolin-4-yl)- A c A
SNy phenyllthiazol-2-
| /; yimethanol (Ena
N
213 (\N N 2)
O\) _ i
, . TH NMR (400 MHz, DMSO-46) ppm = 9.10 (s,
Ta%é’i?ﬂé“ﬁ?“&ffscei 1H), 7.73(d, J=3.2. 1H), 7.72 - 7.65 (m, 2H),
Ot COs7 10% by ol of | 765764 (m, 1H), 7,84 -7.52 (m, 2H), 7.44 -
. tharol 0.6% b yvol of | 738 (m, 1H), 7.21-7.19 (m, 1H), 6.96 (d,
Gicth omines 7 BYVOLOT 1 34 6, 1H), 6.08 (d, J=4.6, 1H), 3.80 - 3.75 (m,
y 4H), 3.43 - 3.42 (m, 4H)
LT 2-C |
Voo [3-(2-Chloro-7-
N, Nm morpholi 1-4-yl-
Y '\/\F quinazolin-4-yl)-
: 4-fluoro-phenyl]- | B D B
).@f“ﬁ: (2-methyi-2 H-
. o azol-a-yh-
, 214 ;/\ R %éthzaono &
(8]
TH NMR (500 MHz, DMSO-d6) ppm = 7.71 -
MS: 454.1/456.1 (M+H*) | 7.59 (m, 3H), 7.58 - 7.51 (m, 2H), 7.50 - 7.41
(Clisotopy, rel. peak (m, 1H), 7.31-7.26 (m, 1H), 7.18 - 7.12 (m,
intensity ratio {%] 100:35) 1H), 6.93 (s, 1H), 5.95-5.90 (m, 1H), 3.78 (s,
3H), 3.73-3.73 (m, 4H), 3.52 - 3.45 (m, 4H)
OH
[3-(2-Ethynyl-7-
morpholis-4-yl-
quinazolin-4-yl)-
4-fluoropnenyll- A C D
thiazol-2-yl-
methanoi (iZna 1)

215

MS: 447 1 (M+H*); Ry
10.67min (HPLC, Chiralpak
AD-H, n-heptane/40% by
vol. of 2-propanol

TH NMR (500 MiHz, DMSO-d6) ppm = 7.73 (d,
J=3.2, 1H), 7.72 - 7.65 (m, 2H), 7.65 (d, J=3.2,
1H), 7.53 (qd, J=9.4, 2.7, 2H), 7.46 - 7.38 (m,
1H), 7.13 (d, J=2.3, 1H), 6.97 (d, J=4.6, 1H),
6.0 (d, J=4.6, 1H), 4.30 (s, 1H), 3.80 - 3.74
(m, 4H), 3.49 - 3.43 (m, 4H)

PCT/EP2014/001236
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o
sm [3-(2-Eth jnyl-7-
L morpholi-4-yi-

F guinazolin-4-yl)-
4-fluoropnenyi}-

)\ thiazol-2-yi-
P _
216 I/\N ¥ methano. (&£ha 2)

1H NMR (800 MHz, DMSO-d6) ppm = 7.73 (d,
MS: 447.1 (M+H*); Ry J=3.2, 1H), 7.72 -7.65 (m, 2H), 7.65 (d, J=3.2,
13.14min (HPLC, Chiralpak | 1H), 7.83 (qd, J=8.4, 2.7, 2H), 7.46 - 7.38 (m,
AD-H, n-heptane/ 40% by | 1H), 7.13(d, J=2.3, 1H), 6.97 (d, J=4.6, 1H),
vol. of 2-propanol 6.09 (d, J=4.6, 1H), 4.30 (s, 1H), 3.80-3.74
{m, 4H), 3.49 - 3.43 (m, 4H)

EXAMPLE 217
[2,4-Diﬂuoro-5—(7-morpholin-4—y!quinazolin-4-yl)p[r:eny}]pyridin-S-ylmethanol (217)

F
Br
. @AO nBuU Et,0
= N/ {40%)
Br

1,5-Dibromo-2,4-difluorobenzene (500 mg, 1.78 mmol) was dissolved in dry diethyl ether
(10 ml) under argon. The reaction solution was ccoled to (-)65°C by means of an acetone/
dry-ice bath. n-Butyllithium (15% solution in n-hexane, 1.23 ml, 1.96 mmol) was added
dropwise over the course of 15 min at a constant iemperature of (-)65°C, and the reaction
sclution was stirred at (-)65°C for a further 30 min. A pre-prepared solution of nicotin-
aldehyde (201 pl, 2.14 mmol) in dry diethyl ether (5 mi) was subsequently added dropwise
over a period of 15 min at (-)65°C, and the reacticn mixture was stirred for a further 10 min
and then warmed siowly to 0°C over a period of 0.1¢e hour. After termination of the reaction,
saturated ammonium chloride solution (5 mi) and water (30 m!) were added to the reaction
solution. The aqueous phase was extracted three times with t-butyl methyl ether. The com-
bined organic phases were washed with saturated éodium chloride solution, dried over
sodium sulfate, filtered and evaporated in a rotary evaporator. The crude product (oil) was
purified by means of preparative RP column chrornatography (solvent gradient water/
acetonitrile/0.1% by vol. of trifluoroacetic acid [£.5 min], CombiFlash Rf 200). The suitable
product fractions were combined and evaporated in vacuo. The agueous residue was
neutralised using saturated sodium hydrogencarbaonate solution and extracted three times
with ethyl acetate. The combined organic phases were washed with saturated sodium chio-

ride solution, dried over sodium sulfate, filtered ard evaporated to dryness in vacuo in a
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rotary evaporator, giving (5-bromo-2,4-diflucrophenyl)-(3-pyridylymethanol (215 mg,
0.717 mmoi, MS: 300.0/302.0 [M+H“}, 40% vyield) as colourless oil.

OH F
J I
= AN N P
| g F
N\
N B
o o

o (PhyP),PACH,
KOACc. 1.4-dioxane

O

-

T
o

/

x

(Cy,P),PdCl,
aq. Na,CO,
1,4-dioxane

St
O
\) EXAMPLE 217

5
[2,4-Difluoro-5-(7-morpholin-4-ylquinazolin-4-yl)pt-enyllpyridin-3-ylmethanol (EXAMPLE 217)
was obtained analogously to the synthetic proces:ses for the preparation of 1-[5-(7-morpholin-
4-yiquinazolin-4-yl)pyridin-3-yi}-1-thiazol-2-yletharol (EXAMPLE 138} starting from (5-bromo-
2.4-diflucrophenyl)-(3-pyridyl)methanol.
16

Compounds which were prepared analogously to EXAMPLE 217 can be found in Table 7
below.

15 Table 7: Compounds of the formula (1)

: Ki

i |C50 lCSO [KV1 1

| No. | Structural formula Name DNA- | pDNA-

L PK | PK |1
hERG]

[2,4-Dif ucre-5-(7-
,\, /\E morpholiin 4-yi-

' quinazelin-4-yl)- B A A
217 m phenyl]pylidin-3-yl-
! thanol

,. TH NMR (500 MHz, DMSO-d6) ppm = 9.11 (s.
g MS: 435.2 (M+H*) 1H), 8.62-8.59 (m. 1H), 8.47 (dd. J=4.8, 1.8,
1H), 7.84 (t, J=8.2, 1H), 7.77 - 7.72 (m, 1H),
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7.55 (cd, (=9.4, 2.8, 2H), 7.46 (t, J=10.1, 1H),
7.39-7.34 (m, 1H), 7.21(d, J=2.4, 1H), 6.36
(d, J=4.5, 1H), 6.06 (d, J=4.5, 1H), 3.81-3.74
(m, 4H), 3.48 - 3.42 (m, 4H)
OH F
“ | = [2,4-Diflucro-5-(7-
N NN morpholin-4-yl-
quinazolin-4-yl)- B A B
| XTRN phenyllpyridin-2-yi-
(\N = N/) methanol
218 | o
1H NMR (500 MHz, DMSO-d6) ppm = 9.09 (s,
1H), 8.50 - 3.458 (m, 1H). 7.82 (td, J=7.7. 1.8,
1H), 7.68 (t J=8.1, 1H), 7.64 - 7.59 {m, 1H),
MS: 435.2 (M+H*) 7.57 -7.50 (m, 2H), 7.43 (t, J=10.1, 1H), 7.29 -
7.24 (m, 1H), 7.21-7.17 (m, 1H), 6.34 (d,
J=5.0, 1H: 6.02 (d, J=5.0, 1H), 3.82-3.72 (m,
4H), 3.48 - 3.41 (m, 4H).
OH
N | N 6-{[2,ﬁ-[?mzorlo-5—(7—
) morpholin-4-yl-
OAT"N f\F quinazolin-4-yl)- B B B
g phenyl hydroxy-
m‘? methyli-2-methyl-2H-
= idazin-3-one
219 N N pyn
O
1H NMR (500 MHz, DMSO-dB) ppm = 9.11 (s,
1H), 7.85 (t J=8.1, 1H), 7.61 - 7.51 (m, 3H),
. . 7.47 (&, =101, 1H), 7.21(d, J=2.3, 1H), 6.94
MS: 466.2 (M-H") (d, J=9.6, 1H), 6.56 (d, J=4.8, 1H), 5.85 (d,
J=4.8, TH, 3.81-3.75(m, 4H), 3.80 (s, 3H),
3.48 - 3.4.' (m, 4H)
6-{[2,4-Difluoro-3-(7-
marpholin -4-yl-
NTF F quinazolin-4-yi)-
N phenyllhydroxy- D C A
| ) methyl}-2-methyl-2H-
| 220 NN pyridazin-3-one
o
1H NMR (500 MHz, DMSO-d6) ppm = 9.10 (s,
1H), 7.75 (¢, J=9.6, 1H), 7.67 - 7.61 {m, 1H),
, . 7.51(qd, J=9.4, 2.6, 2H), 7.32(t, J=8.8, 1H),
MS: 466.2 (M+H) 7.20(d. J==2 3, 1H), 6.99 (d, J=9.7, 1H). 6.64
(d, J=5.1, 1H), 6.02 (d, J=5.1, 1H), 3.78 (4,
J=4.9, 4H;, 3.57 (s, 3H), 3.45(t, J=4.9. 4H)
[2,4-Difiucro-5-(7-
morpholin-4-yl-
291 quinazolin-4-yi)- B B B
phenylj-(6 -methoxy-
pyridin-3-yl)methanol
i
L MS: 465.2 (M+H*) 1H NMR (300 MHz, DMSO-d6) ppm = 9.11 (s,

PCT/EP2014/001236
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P1H), 8.17 (d. J=2.4, 1H), 7.84 (t, J=8.2, 1H),
7.83 (dd, J=8.6, 2.5, 1H), 7.60 - 7.52 (m, 2H),
7.44 (t, J=10.2, 1H), 7.21 (d, J=2.3, 1H), 6.79
(d, J=8.6, 1H), 6.22(d, J=4.0, 1H), 5.99 (d,
J=3.7,1H", 3.83 (s, 3H), 3.80-3.76 (m, 4H),
3.47 - 3.43 (m, 4H)

OH f|=
<,N‘~r§ X X [2,4-Diflucro-5-(7-
N i P morpholin-4-y!-
F quinazolin-4-yt)- B B A
N phenyl}-[1 2.4]-
| N triazolo[1, 3-alpyridin-
299 r/\N FN\F 6-ylmethanol
0\) :
1H NMR (500 MHz, DMSO-d6) ppm = 9.10 (s,
1H), 8.98 - 8.95 (m, 1H), 8.49 (s, 1H), 7.88 (t,
X . J=8.1,1H;, 7.83-7.80 (m, 1H), 7.62 -7.56 (m,
MS: 4752 (M+H") 2H), 7.53 (dd, J=9.5, 2.5, 1H), 7.48 (t, J=10.1,
1H). 7.20 (d, J=2.4, 1H). 6.52 (s, tH), 6.17 (s,
1H), 3.82- 3.74 (m, 4H), 3.49 - 3.41 (m, 4H)
OH F
(/\N = ! X [2,4-Diflucro-5-(7-
H ) .
e N morpholin-4-yl-
N'J\¢ - quinazolin-4-yt)- c 8 A
/\/g ‘ phenyliim dazo-
/&/ )" [1,2-a)pyrazin-6-yl-
1/\N /'\N/ methanol
223 \)
o
1H NMR (500 MHz, DMSO-d6) ppm = 9.13 (s,
1H), 9.06 -9.02 (m, 1H), 8.83(t, J=1.3, 1H),
8.25-8.22 (m, 1H), 7.86 (d, J=1.0, 1H), 7.76 ({,
MS: 475.2 (M+HY) J=8.1,1H, 7.63-7.56 (m, 2H), 7.52 {t, J=10.1,
1H), 7.24 (¢, J=2.1, 1H), 6.53 (d, J=4.7, 1H),
6.16 (d, J=4 5, 1H). 3.87 - 3.80 (m, 4H), 3.54 -
3.46 (m, 4H)
OH F
~ 1 | = [2,4-Difiucro-5-(7-
N XN \(\F morpholin-4-yl-
224 [ quinazolin-4-yl)- B B . B
A phenyl}-(5-methoxy-
o~ | Ay P pyridin-2-ytymethanol

i

MS: 465.2 (M+H?)

I
1H NMR (500 MHz, DMSO-d6) ppm = 9.09 (s,
1H), 8.20 - 8.17 (m, 1H), 7.68 (1, J=8.1, 1H),
7.55-7.5% (m, 3H), 7.43-7.37 (m, 2H), 7.21 -
7.18 (m, 1H:, 6.23 (d, J=4.9, 1H). 5.98 (d,
J=4.6, “H:, 3.80 (s, 3H), 3.80 - 3.74 (m, 4H),
3.48 - 3.4% (m, 4H)

PCT/EP2014/001236
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EXAMPLE 225:

PCT/EP2614/001236

[2-Chloro-5-(5,6-dideuterio-7-morpholinylquinazoi.n-4-yl)-4-fluorophenyl]-(6-methoxy-

pyridazin-3-yl)methanol (225)

rrr— e

D D
N Cl H,S0, / HNO, D NP
30°C 2h
S
Cl D (87%) Cl NO,
D D
CuCN, KCN
DRIF, 170°C 5h
(44%)
[l) N Ei) N
D = TiCl, ’ D é
l AN acetone, rt., 2n
e«
| o
P (81%)
Cl NH,, Ci NO,
| ] 2
D D
l Formic acid,
! H,80,, 130°C. 2h
l (65%)
D Q
Morpholine, X~hos,
LHMDS. dioxane )
130°C, 1h NH
>~
>
%
(35%) l/\\N N
i i !
o~ D
‘ £OCI,, pyriding-ds,
SR 130°C 1h
g l (14%)
> x
LT T
o 7 7
. D Cl
0‘/ \? D ]
AT hd
- Yz /)
PdCI(PCY,), 4/\ N 1 N
aqueous Naz2Cs OJ H
dioxane, 100°C, 3 b

H
EXAMPLE 225

(19%)

Reaction of 5,6,8-trideuterio-7-morpholinyl-3H-quinazolin-4-one with phosphorus oxychloride

gave 4-chloro-5,6-dideuterio-7-N-morpholinylquinazoline.,
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EXAMPLE 237:

[4-Fluore-3-(7-morpholin-4-yipyrido[3,2-d}pyrimidin-4-yl) phenyll-(3-methylpyrazin-2-yi)-
methanol (237)

N
N //N Morpholine N //
74 DMSO, rt.. 3h ~ I
A (86%) N
Br NO, N NO,

o
SnCl,, EtOAc,
80°C, 15 min

J (100%)

0
/\o)\o/\ O
N.
- ’ NH,
150°C, 24h |
(86%) NN
: (\N NH,
| )
Oxalyl chloride DMF,
dioxane. 100°C, 15 min
l (50%)
cl PdCIl,(PCy.),,
N\ Xy aqueous NaxCOz

dioxane,125°C, 4h

@ Pz N/) o) il
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EXAMPLE 258:

[2-Chioro-4-fluoro-5-[7-(2,2,3.3,5,5,8,8-octadeuteriomorpholin-4-yl)quinazolin-4-yljphenyl}-(3-
methoxypyrazin-2-ylymethanol (258)

0
PAIC 5%, H,
OH EtOH 30°C, 1bar 7N OH
- |
(80%) %
F NO, ’ F NH

2

Formamidine acetate,
pyridine, 100°C, 18h
(85%)

0O Morpholine-d8

pyridine, 100°C, 16h O
(51%)
D D NH X NH
D /) -— /l] /l
P
D N N £ = N
O D
ﬁ | POC, DIPEA
i 110°C, 2h
¥

(95%)
1. PACL(PPh,)., KOAC O OoH (I

i dioxane, &, 2h /K
A/O\ P~ N \\[
p2 ||\/N
D D SN f\o oI\ _ ~Z -
P

N N

2. PdCI,(PCy;),, aqueous Na2CO:

SN
O D dioxane, A, 2 h D QP O )
(78%) -
5 N
O%D
5 D  EXAMPLE 258

D

EXAMPLES 268 and 278:

10 [4-Fluoro-3-(5-fluoro-7-morpholin-4-ylquinazolin-4 -yl)phenyl}-(3-methylpyrazin-2-ylymethanol
(268), [2-chloro-4-flucro-5-(5-fluoro-7-morpholin-4-ylquinazolin-4-yl)phenyl]-(8-methoxy-
pyridazin-3-yl)methanol (278)
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F
Morphotine, DI®E A //N
MeOH, 50°C, 18h
(85%)
N F

——— e
‘ \/I NH,, dioxane,

180°C, 40bar, 18h
(90%)

HCOOH, k,SC1, N
100°C, 3h =

NH B —

(88%)
(\N N/) l/\ N NH,
) $

POCI,, DIPEA,
110°C, 4h

(90%)

PdCL(PCy,),, aquenus NaCOs
dioxane, 110-120°C, 2-3h

N (47-65%)
2 T
s F

N N

~
P
on o \ R=HFCl R=H
\ PdCL(PCy,),, \ 1. KOtBu, THF,
~ I N _ | aqueous NazCO:z 4 argon, r.t.. 45 min (92%)
oo [" ¥ | dioxane,100°C, 1 h l 2. KOtBU, H,0,, CH,CN,

o™ Nom (52%) N e | rt, 45 min (95%)

! 3. NaBH,, MeOH (51%)

Y
OoH Gl

EXAMPLE 278 OJ EXAMPLE 268

-~ 126 - PCT/EP2014/001236
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EXAMPLE 319:
2-[2,4-Difluoro-5-(7-morpholin-4-ylquinazolin-4-yl)phenyl}-2-(3-methoxypyrazin-2-yl)-

acetamide (319)
F

glee
N/ (M|
—_————

NS N ’
) KIBUO, THF. N,,
(\N N rt, 30 min

H,N O
\O £ H,S0,,
‘/, rt,25h
N Ry (81%)
| L

i
{
:
;

XN
~ G

O\) EXAMPLE 319

[2.4-Difluoro-5-(7-morpholin-4-ylquinazolin-4-yliptienyliacetonitrile (300 mg, 0.82 mmol) and

\

~—

2-chloro-3-methoxypyrazine (297 mg, 1.97 mmol) were dissolved in tetrahydrofuran. Nitro-
gen was subsequently passed into the solution fo- a period of 10 min. Potassium tert-butox-
ide (193 mg. 1.72 mmol) was then added to the reaction solution, and the mixture was stirred
at room temperature under an argon atmosphere for a period of 30 min. When the reaction
was complete, the reaction mixture was neutralised using saturated NH.CI solution, diluted
with distilled water (30 ml) and extracted three times with dichloromethane (30 ml in each
case). The organic phase was dried over NaSQs, filiered off with suction and evaporated to
dryness in vacuo. The residue was purified by means of flash column chromatography (gra-
dient: dichloromethane/0-5% by vol. of ethanol, CorabiFlash Rf 200, 40 g silica column, A =
220 nm). The suitable product fractions were combined, and solvents were removed in a
rotary evaporator, giving [2,4-diflucro-5-(7-morpholin-4-ylquinazolin-4-yl)phenyl}-(3-methoxy-
pyrazin-2-yl)acetonitrile (218 mg, 0.46 mmol; MS: 475.2 [M+H*], 56% yield) as solid.
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[2,4-Difluoro-5-(7-morpholin-4-ylquinazolin-4-yl)phenyl]-(3-methoxypyrazin-2-yl)acetonitrile
(218 mg, 0.46 mmol) was initially introduced in the reaction flask and subsequently dissolved
with H2SO4 (95-98%, 3.53 ml, 64 mmol). The reaction solution was stirred at room tempera-
ture for 2.5 h. When the reaction was complete, ice (80g) was added to the reaction solution.
The mixture was subsequently carefully neutralised using NaOH sclution (32%, 10.6 ml). The
suspension obtained was diluted with distilled waler (50 ml) and extracted three times with
dichloromethane (100 ml in each case). The organic phase was dried over over aSOq, fil-
tered off with suction and evaporated to dryness in vacuo. The residue was purified by
means of flash column chromatography (gradient: dichloromethane/0-12% by vol. of ethanol,
CombiFlash Rf 200, 40 g silica column, A = 220 nin). The suitable product fractions were
combined, and solvents were removed in a rotary evaporator, giving 2-[2,4-difluoro-5-(7-
morpholin-4-ylquinazolin-4-yl)phenyl]-2-(3-methoxypyrazin-2-yl)acetamide (182 mg,

0.37 mmol, MS: 493.4 [M+H"], 81% yield) as solic.

Compounds which were prepared corresponding ‘o EXAMPLES 225, 237, 258, 268, 278
and 319 and analogously to the synthesis sequences of EXAMPLES 1, 2, 37, 137, 121, 217
can be found in Table 8 below:

1Cso0 ICso0 Ki
' No. Structural formula Name DNA- | pDNA- | [Kv1.11
PK PK hERG]

[2-Chicro-5-(5,8-
dideuterio-7-
morpholino-
quinazolin-4-yl)-4-
fluorophenyi]-(6-
methoxypvridazin-3-

225 yl)methan»l

1H NMR (560 MHz, DMSO-d6) ppm = 9.12 (s,
MS: 484.3/486.3 (M+H*) 1H), 7.91(d, J=7.8, 1H), 7.72-7.64 (m, 2H), 7.27
{Cl isotopy, rel. peak - 717 (m, 2H), 6.61 (d, J=5.0, 1H), 6.23 (d, J=5.0,
intensity ratio [%] 100:37) 1H), 4.00 (s, 3H), 3.81-3.72 (m, 4H), 3.49-3.36
{m, 4H).

[3-(5.6-Diceuterio-7-
morphclino-
quinazolin-4-yl)-4-
fluoropheryij-(3- B A A
methylpyrazin-2-yl)-
methanol

226

o)

MS: 434.4/436.4 (M+H*) (CI | 1H NMR (500 MHz, DMSO-d6) ppm = 9.09 (s,
isotopy, rel. peak intensity 1H), 8.43 (s, 2H), 7.64-7.55(m, 2H), 7.42 -7.34




WO 2014/183830 -129 - PCT/EP2014/601236
ratio [%] 100:40) (m. 1H), 7.19 (s, 1H), 6.34 -6.20 (m, 1H), 6.08
(s, 1H;, 3 86 - 3.68 (m, 4H), 3.50 - 3.36 (m, 4H),
2.55 (s, 3H).
[2-Chloro-4-fluoro-5-
(7-morphcliri-4-yl-
pyrido[3,2 -d}-
pyrimidin-1-yl)- B B A
phenyl]-(6 -miethoxy-
pyridazin-3-yl)-
227 methanol {Ena 1)
MS: 483.2/485.1 (M+H*) (C!
' isotopy, rel. peak intensity
i ratio [%] 100:33); R -
8.37min (HPLC, Chiralpak | S&¢ racemate
AD-H, n-heptane / 90% by
vol. of 2-propanol)
[2-Chloro-4-fluoro-5-
(7-morshalin-4-yl-
pyrido[3,2-d-
pyrimidin-4-yl)- D D A
phenyli-(6 -methoxy-
pyridazin-3-yl)-
228 methanol {Ena 2)
MS: 483.2/485.1 (M+H™*) (C
isotopy, rel. peak intensity
ratio [%] 100:33); Rt see racemaie
i 12.45min (HPLC, Chiralpak i
; AD-H, n-heptane / 90% by
vol. of 2-propanol)
2-[2-Chloro-4-fluoro-
5-(7-morphclin-4-yi-
quinazolin-4-yl)-
phenyi]-2-(3- C B A
methoxypyrazin-2-
yl}-N-metiy)-
299 acetamide:
TH NMR (5C0 MHz, DMSO-d8) ppm = 8.08 (s,
1H), 8.26 (g, J=4.5, 1H), 8.13(d, J=2.8, 1H), 8.11
MS: 523.3/525.2 (M+H") (d, J=2.8, 1H), 7.73 (d, J=9.6, 1H), 7.59 (dd,
(Cl isotopy, rel. peak J=9.4,2.86 1H), 7.56 (dd, J=8.5, 2.3, 1H), 7.47 (d,
intensity ratio [%] 100:40) J=7.7, 1H;, 7.20(d, J=2.2, 1H), 5.66 (s, 1H), 3.94
(s, 3H), 380-3.71 (m, 4H), 3.48 - 3.42 (m, 4H).
2.81 (d, J==4 6, 3H).
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2-(3-Chloro-pyridin-
2-yl)-2-{4~"Tuoro-3-(7-
morphoalin 4-yl-

O

quinazolin-4-yl)- c C B’
: phenyl]-N- methyl-
230 acetamide.
1H NMR (500 MHz, DMSO-d6} ppm = 9.09 (s,
. 1H), 8.51 (dd, J=4.7, 1.4, 1H), 8.03 (q, J=4.4, 1H),
MS: 492.3/494.2 (M+H*) (Cl
isotopy, rel peak(intensi)ty(! 7.92 (dd, J=8.1, 1.5, 1H), 7.63 (dd, J=9.4, 2.7, 1H),
ratio [cy’] 160,40) 7.58 - 7.54 (m, 3H), 7.41-7.33 (m, 2H), 7.20 (d,
° ’ J=2.4, 1H:, 5.52 (s, 1H), 3.85-3.71 (m, 4H), 3.51
-3.40 (m, 4H), 2.60(d, J=4.6, 3H).
[2-Chicro-4-fluoro-5-
{7-morpholin-4-yl-
pyrido[3,2 -d3-
pyrimidin-4-yl)- C B A
phenyli-(3-methoxy-
pyrazin-2-yl3-
231 methanol {Ena 2)
MS: 483.1/485.1 (M+H*) (Cl
isotopy, rel. peak intensity
ratio {%)] 100:38); R¢
8.72min (SFC, Chiralpak see racemaie
AD-H, CO2/ 40% by vol. of
methanol)
S0 OoH ¢l
N X [2-Chloro-4-fluoro-5-
il * (7-morphclin-4-yl-
VN . pyrido[3,2-d}-
pyrimidin-4-yl)- C D A
N phenyl]-(3-methoxy-
X
: ‘I/ A N pyrazin-2-yt)-
232 (\N S N/J methanol {Ena 1)

MS: 483.1/485.1 (M+H") (Cl
isotopy, rel. peak intensity
ratio [%] 100:38); Rt
7.27min (SFC, Chiralpak
AD-H, CO2/ 40% by vol. of
methanol)

see racemate
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(S)}4-Fluoro-3-(7-
morpholin 4-yl-
pyrido[3,2 -di-
pyrimidin--4-v(}- A
phenyl]-(3-methyl-
pyrazin-2-yl)-
233 methanol

MS: 433.1 (M+H*Y; R

4.40min (SFC, Chiralcel

OD-H, CO2/ 40% by vol. of

2-propanol, 0.5% by vol. of | See racem:ate

diethylamine)
(R)-{4-Flunro-3-(7-
morpholin-4-yl-
pyrido[3,2 .d}-
pyrimidin-1-y}}- A
phenyl]-(3-methyl-
pyrazin-2-yl}-

| 234 methanol

MS: 433.1 (M+H); Ry

3.01min (SFC, Chiralcel

OD-H, CO2/ 40% by vol. of

2-propanol, 0.5% by vol. of | Seeracenale

diethylamine)
4-(4-Chloro-2-flucro-
5-imidazo;i1,2-b}-
pyridazin-5-yimethyl- A*
phenyl)-7-morpholin-
4-ylguinazolne

235

1H NMR (500 MHz, DMSO-d8) ppm = 9.10 (s,

MS: 475.1/477.1 (M+H*) (C! | TH), 8.2% (s, 1H), 8.07 (d, J=9.4, 1H), 7.78 -7.74

isotopy. rel. peak intensity (m, 2H), V.74 -7.71 (m, 1H), 7.60 (dd, J=9.4, 3.1,

ratio [%] 100:35) TH), 7.54 (cd, J=9.4, 2.5, 1H), 7.20 (d, J=2.5, 1H),
7.16 (d, J=:9 4, 1H), 4.42 (s, 2H), 3.80-3.75 (m,
4H), 3.47 -3.43 (m, 4H).
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2-[2-Chloro-4-fluoro-
5-(7-morp1clin-4-yi-
quinazolin-4-yl)-
phenylj-2-.midazo-
[1,2-blpyridazin-6-yi-
N-methylacetamide

D D

236
1H NMR (5C0 MHz, DMSO-d8) ppm = 9.11 (s.
: 1H), 8.56 (c, J=4.5, 1H), 8.26 (s, 1H), 8.10 (d,
! MS: 532.2/5634.2 (M+H*) (CI | J=9.5, 1H;, 7.81 (d, J=9.5, 1H), 7.77 (d, J=1.2,
' isotopy, rel. peak intensity 1H), 7.74 (¢, J=7.6, 1H), 7.60 (dd, J=8.4, 3.0, 1H),
ratio [%] 100:35) 7.55 (dd, .1=9.4, 2.5, 1H), 7.21(d, J=2.4, 1H), 7.12
(d, J=€.5, 1H), 5.62 (s, 1H), 3.81-3.75 (m, 4H),
3.48 - 3.40 (m, 4H), 2.65 (d, J=4.6, 3H).
[4-Fiuoro-3-(7-
morpholin -4-yl-
pyridef3,2 di-
pyrimicin-4-yl)- A A C
phenyl’-(3-methyl-
! pyrazir-2-yl)-
237 methanol
1H NMR (500 MHz, DMSO-d8) ppm = 9.18 (s,
1H), 9.02(d, J=2.9, 1H), 8.47 -8.39 (m, 2H), 7.64
(dd, J=5.7, 2.2, 1H), 7.59 - 7.50 (m, 1H), 7.45 (d,
J=2.9, 1H}, 7.31 (dd, J=9.7, 8.6, 1H), 6.28 (d,
J=5.4,1H", 6.06 (d, J=5.4, 1H), 3.81-3.76 (m,
4H), 3.56 - 3.50 (m, 4H), 2.55 (s, 3H).
[4-Fluoro-3-7-
(2.2,3.3,5,5,3,6~
octadeuteriomorpholi
n-4-yl)quinazolin-4-
yliphenyl]-(3-methyl- A A B
pyrazin-2-yl)-
238 methanol [Ena 2)

MS: 440.4 (M+H*};R;
10.58min (SFC, Chiralpak
AD-H, CO2/ 30% by vol. of
2-propancl, 0.5% by vol. of
diethylamine)

S. Racemat

PCT/EP2014/001236
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! 239

[2-Chloro-4-fluoro-5-
[7-(2,2,3,3,5.5,6,6-
octadeuteicmorpholi
n-4-yl)quinazolin-4-
yllphenyl}-(6-
methoxypyridazin-3-
yl)methansl (Ena 2)

E MS: 490.3/492.2 (M+H*) (Cl
ll isotopy, rel. peak intensity
| ratio [%] 100:38); R
i 5.20min (SFC, Chiralpak see racemate
| AD-H, CO2/40% by vol. of
; methanol, 0.5% by vol. of
diethylamine)
| OH |
N [2-Chloro-4-fluoro-5-
EK/ (7-morphclin-4-yl-
N E pyrido|3,2 -d}-
N pyrimigin-3-vi)- C B A
mN phenyl}-(3-methyl-
pyrazir-2-yl)-
240 | Oy Z N/) methanol
o)
1H NMR (500 MHz, DMSQO-d6) ppm = 9.23 (s,
s 467 a2 nert) 1 | 1, 9000 525 1), 84310 022 1) 33
isotopy, rel. peak intensity y e A ¥ Py Py ' Y
ratio [%] 100:38) 1H), 7.48 (0, 4=2.9, 1H), 6.65-6.27 (m, 1H), 6.25
o -8.22 (m, 1H), 3.82-3.77 (m, 4H), 3.58 -3.52 (m,
4H), 2.74 (s, 3H).
=
[2-Chloro-4-fluoro-5-
7-(2,2.3,2,5,5,6,6-
octadeutericmorpholi
n-4-yljquinazolin-4-
yilphenyl]-(3- A A °
methoxypyrazin-2-
: yl)methanol (Ena 2)
241

MS: 490.2/492.2 (M+H*) (Cl
isotopy, rel. peak intensity
ratio [%] 100:38); R
6.47min (SFC, Chiralpak
AD-H, CO2/ 40% by vol. of
methanol, 0.5% by voi. of
diethylamine)

see racemale
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' ~
[2-Chloro-4-fluoro-5-
"‘1 {7-(2,2,3,3,5,56,6-
QN . octadeutericmorpholi
) n-4-yhquinazolin-4-
5 o (| viiphenyil-(3- Ao A B
D methoxyp /razin-2-
D%N N yhmethanol (Ena 1)
242 o\evo
/ [»)
: D D
MS: 490.2/492.2 (M+H*) (Cl
isotopy, rel. peak intensity
ratio [%] 100:35); Ry
2.91min (SFC, Chiralpak see racemaie
AD-H, CO2 / 40% by vol. of
methanol, 0.5% by vol. of
diethylamine)
(S)-[4-Fluoro-3-[7-
(2,2,3,3,5.5,6,6-
octadeuteriomorpholii
n-4-ylquinazolin-4-
yilpheryll-(3- © B B
, methylpyrazin-2-
: yl)methanol (Ena 1)
243
MS: 440.4 (M+H"):Rt
8.16min (SFC, Chiralpak
AD-H, CO2/ 30% by vol. of
2-propanol, 0.5% by vol. of | See racemate
diethylamine)
E [2-Chloro-4-iluoro-5-
[7-(2,2,3,3,5,5,6,6~
octadeuteriomorpholi
n-4-yl)cuinazolin-4-
yliphenyl]-(6- A A B
methoxypyridazin-3-
ylymethanal (Ena 1)
244
MS: 490.1/492.1 (M+H*) (Cl
isotopy, rel. peak intensity
ratio [%] 100:33); R
3.39min (SFC, Chiralpak see racemaie
AD-H, COz/ 40% by vol. of
methanol. 0.5% by vol. of
; diethylamine)
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OH
[4-Fluoro-3-(6-
NT Ny morpholin-4-yl-
[I\/N thieno]3,2 -d}-
Z Fool pyrimidin-d-yl)- A*
phenyl]-(3-methyl-
O/ \ S | \T pyrazin-2-yl}-
245 N methanol {Ena 1
A Ena 1)
MS: 438.1 (M+H*Y); Ry
4.70min (SFC, Chiralcel
OD-H, CO2/ 30% by vol. of
2-propanol, 0.5% by vol. of | SE€ racemate
diethylamine)
OH
[4-Flucro-3-i6-
N7 XYy morpholin -4-yl-
k/‘“ thieno[3,2-d}-
Z pyrimidin-4-yl)- A*
phenyl}-(3-methyl-
_ f\ pyrazin-2-yl)-
| 248 -—</ methanol {Ena 2
N, ’
MS: 438.1 (M+H); Ry
7.04min (SFC, Chiraicel
OD-H, CO2/30% by vol. of
2-propanol, 0.5% by vol. of | SS€ racemale
diethylamine)
[2-Chloro-4-fluoro-5-
{7-morphedin-4-yl-
pyrido[3,2-d}-
pyrimidin-4-yl)- B
; phenyl]-(3-methoxy-
pyrazin-2-yl-
247 metharol
1H NMR (500 MHz, DMSO-d8) ppm = 9.22 (s,
MS: 483.1/485.1 (M+H*) (Cl | 1H), 9.04 (d, J=2.9, 1H), 8.16 (d, J=2.7, 1H), 8.08
isotopy, rel. peak intensity (d, J=2.7, 1H), 8.02(d, J=7.6, 1H), 7.51(d, J=9.3,
ratio [%] 100:35) 1H), 7.47 (d, J=2.8, 1H), 6.32-6.28 (m, 2H}, 4.00
(s. 3H), 382-3.77 (m, 4H), 3.567 - 3.52 (m, 4H).
(R)-[4-Fluoro-3-(5-
fluoro-7-m-orpholin-4-
ylquinazotin-4-yi)- A
248 phenyi}-(3-methyl-

pyrazin-2-yi}-
methano!

MS: 450.1 (M+RH"*); Rt
7.18min (SFC, Chiralcel

see racemate
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OD-H, CO2/25% by vol. of
2-propanol, 0.5% by vol. of
diethylamine) B
[2-Chloro-4-iluoro-5-
(5-fluoro-7-
morpholin 4-yi-
quinazolin-4-yh)- A*
phenyl]-(3-methoxy-
pyrazin-2-yl)-
249 methanol {Ena 2)
MS: 500.2/5602.1 (M+H*) (CI
isotopy, rel. peak intensity
ratio (%] 100:35); Rt .
7.94min (SFC, Chiralpak | S€€ racemae
AD-H, CO2/ 40% by vol. of
methanol)
S0 oM
[2-Chlcro-4-fluoro-5-
(5-fluoro-7-
morpholin 4-yi-
quinazolin -4 -yl)- A*
phenyl-(3-methoxy-
pyrazin-2-y!-
250 methanol \Ena 1)
MS: 500.2/502.1 (M+H*) (CI
isotopy. rel. peak intensity
ratio [%] 100:35); R: al
3.46min (SFC, Chiralpak | S€€ racemaie
AD-H, CO2/40% by vol. of
methanol)
(S)-[4-flucro-3-(5-
fluoro-7-morpholin-4-
ylquinazolin-4-yl)- A
phenyl]-(3-methyl-
; pyrazin-2-yl)-
251 methanol
MS: 450.1 (M+H*), Rt
8.84min (SFC, Chiralcel
OD-H, CO2/25% by vol. of | see racamaie
2-propanol, 0.5% by vol. of
diethylamine)
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[4-Fluoro-3-{5-flucro-
7-morpholin-4-yl-
quinazolin-4-yl)- Ax
phenyl]-(3-methoxy-
pyrazin-2-yl)-
252 methanol {Ena 2)
MS: 466.2 (M+H*); Rt
10.46min (SFC, Chiralcel
OD-H, CO2/25% by vol. of | gee racemate
2-propanol, 0.5% by vol. of
! diethylamine) _
[4-Flucro-3-(5-fluora-
7-morphoiin-4-yl-
quinazolin-4-yl)- A*
phenyll-(3-methoxy-
pyrazin-2-yl)-
253 methanol {Ena 1)
MS: 466.2 (M+H*); Ry
7.37min (SFC, Chiralcel
{ OD-H, CO2/ 25% by vol. of o
’ 2-propanol, 0.5% by vol. of | SoC racemaie
diethylamine)
2-[2-Chloro-4-fluoro-
5-(7-morphclin-4-yl-
quinazolin-4-yl)- A
phenyl]-N-methyl-2-
(3-methyl-pyrazin-2-
ylhacetam.de
254
TH NMR (500 MHz, DMSO-d8) ppm = 9.08 (s,
1H), 8.41 (d, J=2.6, 1H), 8.39 (d, J=2.5, 1H), 8.30
MS: 507.2/509.2 (M+H*) (CI | (g, J=4.5, 1H), 7.74 (d, J=9.5, 1H), 7.59 (dd,
isotopy, rel. peak intensity J=g.4,286 1H), 7.55(dd, J=90.5, 2.4, 1H), 7.47 (d,
ratio [%] 100:35) J=7.7, "H;, 7.20(d, J=2.3, 1H), 5.66 (s, 1H), 3.78
{t, J=5.8, 3.9, 4H), 3.46 (1, J=4.9, 4H), 2.63 (d,
J=4.5, 3H), 2.52 (s, 3H).
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[4-Fluoro-3~{5-fluoro-
7-morphotin-4-yt-
quinazolin-4-yl)-

phenyl]-(6 -methoxy- a
i pyridazin- 3-yl}-
255 methanol Ena 2)
MS: 466.2 (M+H*); R,
10.43min (SFC, Chiralpak
AS-H, CO2/ 15% by vol. of | see racemate
methanol, 0.5% by vol. of
diethylamine)
[4-Flucro- 3-(&-fluoro-
7-morpholin-4-yi-
quinazolin-4-yi)- A*
phenyll-(6-methoxy-
pyridazin- 3-yl}-
256 methanol {Ena 1)
MS: 466.2 (M+H*); R¢
7.26min (SFC, Chiralpak
AS-H, CO2/ 15% by vol. of | see racemniale
methanol, 0.5% by vol. of
diethylamine) '
OH ¢l ’
R [2-Chloro-4-fluoro-5-
)I\ (7-morphcliri-4-yl-
~o~ A £ | pyrido[3,2d}-
N f pyrimidin-4-yl)- A
/EIJ\N phenyl]-(6-methoxy-
pyridazin-3-yl)-
257 o Z N//l methanol
0\)
1H NMR (500 MHz, DMSO-d8) ppm = 8.21 (s,
. 1H), 9.04 (d, J=2.9, 1H), 7.96 (d, J=7.5, 1H), 7.68
Mo 483%262482;!((:‘[1‘;;:&(0’ (d. J=92, 1H), 7.58 (d, J=0.3, 1H). 7.46 (d. J=2 9.
o ‘[33/’-'] ] 60?33) Y 1 1H), 7.22 (¢, J=9.1, 1H), 6.60 (d, J=4.9, 1H), 6.23
o) TV (d, J=4.9, 1H), 4.00 (s, 3H), 3.84 - 3.76 (m, 4H),
3.57 - 3.5 (m, 4H).
[2-Chioro-4-fluoro-5-
[7-(2,2,3,3,5,5,6.6-
octadettesic-
morpholin -4-yl}-
quinazelin-4-yi- A*
258 Jphenylj-(G-rmethoxy-
pyrazin-2-ylj-
methanol

MS: 490.1/492.3 (M+H*) (Cl
isotopy, rel. peak intensity

TH NMR (500 MHz, DMSO-d6) ppm = 9.13 (s,
1H), 817 (¢, J=2.7, 1H), 8.11(d, J=2.7, 1H), 7.97
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ratio [%] 100:36) (d, J=7.8, 1H), 7.67 - 7.58 (m, 2H), 7.56 (dd,
J=0.4,26 1H), 7.21 (d, J=2.5, 1H), 86.34 (d,
J=5.9, 14, 6.31 (d, J=5.9, 1H), 4.00 (s, 3H).
(!)H
N [4-Fluoro-3-7-
”\/N (2,2,3,3,5,5,6,6-
& F | octadeute iomorpholi
n-4-yhquinazolin-4- .
. NN | yiphenyl} (3-methyl- | A A A
D in-2-vi-
P pyrazin-2-yi}
259 DAi)4 N N/‘ methanol
0 D
D
D D
1H NMR (5C0 MHz, DMSO-d8) ppm = 9.09 (s,
MS: 440.4 (M+H") 1H), 8.44 (s, 2H), 7.63-7.55 (m, 2H), 7.53 (s,
2H), 7.42 -7.34 (m, 1H), 7.19 (s, 1H), 6.30 (d,
J=5.3, 1Hi, 6.08 (d, J=4.6, 1H), 2.55 (s, 3H).
OH
I = [4-Fiuoro-3-15-fluoro-
- /L N 7-morgholin-4-yl-
o NT F F 1 quinazolin-4-yl)- A A A
S phenylj-(6-methoxy-
)N pyridazin- 3-vi)-
i A methanol
260 N N
o
1H NMR (500 MHz, DMSO-d6) ppm — 9.09 (d,
: J=6.1,1H., 7.69(d, J=9.2, 1H), 7.66 - 7.48 (m,
| MS: 466.2 (M+H*) 2H), 7.37 (¢, J=15.3, 2.7, 1H), 7.29 (ddd, J=9.8,
; 8.5, 3.1, 14}, 7.21 (t, J=9.2, 1H), 7.08 (d, J=2.4,
; 1H), 8.57 -5.43 (m, 1H), 6.00 (d, J=4.4, 1H), 4.00
(d, J=2.9, 3H), 3.81-3.69 (m, 4H), 3.53 - 3.40 (m,
4H).
2-[2-Chloro-4-fluoro-
5-(5-fluorc -7-
morphclin -4-yi-
quinazolin-4-yl)- C B B
phenyl]-2-(3-
methoxy-pyiazin-2-

| 261

yhacetam:de

MS: 527.2/529.2 (M+H™) (CI
isotopy, rel. peak intensity
ratio [%] 100:35)

1H NMR (400 MHz, DMSO-d6) ppm = 9.07 (s,
1H), 8.10 (¢, J=2.8, 1H), 8.07 (d, J=2.8, 1H), 7.56
(d, J=7.7, 1H), 7.51 (d, J=9.7, 1H), 7.41-6.85(m,
5H), 3.96 (s, 3H), 3.82-3.74 (m, 4H), 3.52-3.45
{m, 4H).

PCT/EP2014/001236
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[2-Chloro-4-fluoro-5-
[7-(2,2,3,3,5,5,6,6-
octadeuteriomorpholi
n-4-ylhyuiniazolin-4-
yljphenyl}-(6-
methoxypyridazin-3-

262 ylymethanal
TH NMR (500 MHz, DMSO-d6) ppm = 9.12 (s,
MS: 490.2/482.2 (M+H*) (CI } 1H), 7.91 (c, J=7.8, 1H), 7.71-7.64 (m, 2H), 7.59
isotopy, rel. peak intensity (dd, J=9.4, 3.4, 1H), 7.54 (dd, J=9.4, 2.6, 1H),
ratio [%)] 100:36) 7.23-7.19 (m, 2H), 8.63 (d, J=5.0, 1H), 8.23 (d,
J=5.0, 1H}, 4.00 (s, 3H).
[2-Chloro-4-fluoro-5-
{5-fluoro-7-
morpholin -4-yi-
quinazolin-4-yf)- C D A
phenyl-(6-methoxy-
pyridazin-3-yl)-
263 methanol {Ena 2)
MS: 500.1/502.1 (M+H*) (Cl
isotopy, rel. peak intensity
ratio [%] 100:30); Rt
6.17min (SFC. Chiralpak see racemaie
AD-H, CO2/ 40% by vol. of
methanol, 0.5% by vol. of
diethylamine)
[2-Chloro-4-fluoro-5-
(6-morphalin-4-yl-
thienof3,2-d}-
pyrimidin-$-yl)- A A A*
phenyl]-(3-methyl-
pyrazin-2-yl)-
264 methanol
1H NMR (5C0 MHz, DMSO-d6) ppm = 8.3 (s,
MS: 472.1/474.0 (M+H*) (C1 | 1H), 8.43 (¢, J=2.5, 1H), 8.33(d, J=2.4, 1H), 8.11
isotopy. rel. peak intensity (d, g=7.9, 1H), 7.63 (d, J=8.9, 1H), 6.586 (s, 1H),
ratio [%] 100:40) 6.47 (d, J=6 0, 1H), 6.23 (d, J=4.6, 1H), 3.79 -
3.71 (m. 4H:, 3.48 - 3.39 (m, 4H), 2.73 (s, 3H).
OH
[4-Fluoro-3-(6-
N morpholin-4-yi-
I 4 thieno[z,2-d3-
= F | pyrimidin-4-yi)- A A Ax
265 phenyl}-(3-methyi-
/N S~y | pyrazin2y))-
Q ,N—<\/_LN/)‘ methanol

MS: 438.1 (M+H")

TH NMR (500 MHz, DMSO-d8) ppm = 8.88 (s,
1H), 8.46 - 8.42 (m, 2H), 7.67 (dd, J=7.0, 2.3, 1H),

PCT/EP2014/001236
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7.80 - 7.5 (m, 1H), 7.38 (dd, J=10.3, 8.6, 1H),
6.52 (s, 1H), 6.32 (d, J=5.4, 1H), 6.08 - 6.05 (m,
1H). 3.79 - 3.70 (m, 4H), 3.44 - 3.37 (m, 4H),
2.54 (s, 3H).

[2-Chloro-4-fluoro-5-
{5-fluoro-7-
morpholin-4-yl-
quinazolin-4-yi)- A A A*
phenylj-(3-methoxy-
pyrazin-2-yi}-

266 methanol
1H NMR (400 MHz, 90°C, DMSO-d86) ppm = 9.08
MS: 500.2/502.1 (M+H*) (CI (s, 1H), 8”1 1(d, J=2.7, 1H), 8_.07 (d, J=2.7, 1H),
isotopy, rel. peak intensity 7.90 (d, J==8.0, 1H), 7.39 (d, J=9.7, 1H), 7.28 (dd,
iatio [0/’] 10‘0,35) J=15.2, 2.3, 1H), 7.07 (d, J=2.3, 1H), 6.30 (s, 1H),
’ ’ 3.96 (s, 3H), 3.80-3.72 (m. 4H), 3.51-3.44 (m,
4H).
[4-Fluoro-3-{5-fluoro-
7-morphoiin-4-yi-
quinazolin-4-yl)- *
phenyl}-(3-methoxy- A A A
pyrazin-2-yi}-
267 metharol
1H NMR (400 MHz, 90°C, DMSO-d6) ppm = 9.05
(s, 1H), 8.15(d, J=2.5, 1H), 8.11 (d, J=2.5, 1H),
7.62 -7.44 (m, 2H), 7.30 -7.12 (m, 2H), 7.05 (d,
J=2.2, 1H;, 6.09-5.95 (m, 2H), 3.91 (s, 3H), 3.81
-3.70 (m, 4H), 3.52 - 3.41 (m, 4H).
{4-Fluoro-3- 5-fluoro-
7-morpholin-4-yi-
quinazolin-4-y!)- N
phenyl]-(3-methyl- A A A
pyrazin-2-yi}-
268 methano}

MS: 450.1 (M+H?)

1H NMR (500 MHz, DMSO0-d8) ppm = 9.08 (s,
1H), 8.45 (s, 2H), 7.83-7.56 (m, 1H), 7.56 - 7.46
(m, 1H), 7.46 - 7.34 (m, 1H), 7.34 - 7.22 (m, 1H),
7.08 (s, 1H), 6.36 - 6.27 (m, 1H), 6.06 (d, J=5.4,
1H), 3.81-3.73 (m, 4H), 3.53 - 3.43 (m, 4H),
2.53 (s, 3H).
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269

2-[2-Chlor >-4-fluoro-
5-(6-mrorpiolin-4-yl-
thieno[3,2 d)-
pyrimidin-4-y1}- B B A*
phenyl]-2-'3-methyl-
pyrazin-2-yl)-
acetamide

MS: 499.1/501.1 (M+H*) (CI
isotopy, rel. peak intensity
ratio [%) 100:39)

1H NMR (560 Mtiz. DMSO-d6) ppm = 8.87 (s,
1H), 8.43 (¢, J=2.6, 1H), 8.40 (d, J=2.7, 1H), 7.82
-7.78 (m, tH), 7.74 (d, J=10.0, 1H), 7.55 (d,
J=7.8,1H), 7.41-7.36 (m, 1H), 6.53 (s, 1H), 5.63
(s, 1H), 379-3.73 (m, 4H), 3.43 - 3.38 (m, 4H),
2.51 (s, 3H).

270

2-[4-Fluora-3-(6-
morpholin -4-yl-
thieno[3,2 -d}-
pyrimidin-4-yl}- B C A*
phenyl]-2-3-methyl-
pyrazir-2-yf)-
acetamide:

TH NMR (560 MHz, DMSO-d6) ppm = 8.88 (s,
1H), 8.42 - 8.37 (m, 2H), 7.67 (dd, J=7.1, 2.3, 1H),
7.81-7.55 (m, 2H), 7.41 - 7.34 (m, 1H), 7.25-
7.19 (m, 1H, 6.53 (s, 1H), 5.40 (s, 1H), 3.79 -
3.71 (m, 4H;, 3.44 - 3.39 (m, 4H), 2.53 (s, 3H).

271

{2-Chloro-4-flucro-5-
(5-fluoro-7 -
morpholin-4-yl-
quinazolin-4-yl)- A A A
phenyl}-(6-methoxy-
pyridazin- 3-yl)-
methanol {Ena 1)

MS: 500.1/502.1 (M+H*) (Cl
isotopy, rel. peax intensity
ratio [%)] 100:32); Rt
4.25min (SFC, Chiralpak
AD-H, CO2/ 40% by vol. of
methanol, 0.5% by vol. of
diethylamine)

1H NMR (400 MHz, DMSO-d6/DMSO, 120°C) ppm
=9.05 (s, 1H). 7.84 (d, J = 7.7 Hz, 1H), 7.60 (d, J =
9.0 Hz, 1H), 7.40 (d, J = 9.5 Hz, 1H), 7.23 (d, J =
14.5 Hz, 1H, 7.11 (d, J = 9.1 Hz, 1H), 7.06 (s, 1H),
6.24 (d, J = 4.7 Hz, 1H), 6.16 (d, J = 4.7 Hz, 1H),
4.02 (s, 3H), 3.80 — 3.72 (m, 4H), 3.51 ~ 3.43 (m,
4H),

272

H,N O

2-[2-Chlor 3-4-fluoro-
5-(6-mcrphclin-4-yl-
thieno[3,2 -d}-
pyrimidin-1-vi)- B B A”
phenyl]-2-'6-
methoxy-t yridazin-3-
yl)acetam.de

MS: 515.2/517.2 (M+H*) (CI
isotopy, rel. peak intensity

1H NMR (4C0 MHz, DMSO-d6) ppm = 8.89 (s,
1H), 7.94 (s, TH), 7.81 (d, J=7.7, 1H), 7.74 (d,
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ratio [%] 100:41)

J=10.0, 1Hl), 7.47 (d, J=9.2, 1H), 7.40 (s, 1H),
7.19 (d, J=:9.2, 1H), 8.53 (s, 1H), 5.65 (s, 1H),
4.00 (s, 3H), 3.79 - 3.71 (m, 4H), 3.45 - 3.39 (m,
4H).

278

[2-Chloro-4-fluoro-5-
(5-fluoro-7-
morphalin 4-yl-
quinazolin-4-yi}- A A A*
phenyl]-(6-methoxy-
pyridazin-3-vi)-
methanol

MS: 500.2/502.2 (M+H?*) (CI
isotopy, rel. peak intensity
ratio [%] 100:35)

1H NMR (460 MHz, 120°C, DMSO-d6) ppm = 9.05
(s, 1H), 784 (d, J=7.8, 1H), 7.60 (d, J=9.1, 1H),
7.40 (d, J=9 6, 1H), 7.23 (dd, J=15.2, 2.5, 1H),
7.11(d, J=9 1, 1H), 7.06 (d, J=2.5, 1H), 6.25 (d.
J=5.1, 1H, 6.16 (d, J=5.1, 1H), 4.03 (s, 3H), 3.80
-3.73 (m, 4H), 3.49 - 3.43 (m, 4H).

| 279

[4-Fluoro-3-(7-
morpholin-4-yi-
quinazolin-4-y!)-
phenyl}-{1 2,4}
triazolo[1, >-a}-
pyrazin-8-yimethanol

MS: 458.2 (M+H?)

1H NMR (460 MHz, DMSO-d8) ppm = 9.10 (s,
1H), 9.03 (d, J=4.5, 1H), 8.76 (s, 1H), 8.25 (d,
J=4.5, 1H;, 7.84 -7.76 (m, 2H), 7.59 - 7.51 (m,
2H), 7.39 (dd, J=9.9, 8.5, 1H), 7.20 (d, J=2.1, 1H),
6.48 (s, 1H), 3.82-3.75 (m, 4H), 3.51 - 3.43 (m,
4H).

280

OxNH,

//—~N

NS\

N
s i
D@
S
(\N N)
o)

2-[4-Fluorn-3-(7-
morpholin-4-yl-
quinazclin-4-y}-
phenyl]-2-1.2,4}-
triazolo[1,-a]-
pyrazin-8-yi-
acetamide:

MS: 4852 (M+H")

TH NMR (500 MHz, DMSO-d6) ppm = 9.10 (s,
1H), 9.02 (c, J=4.5, 1H), 8.74 (s, 1H), 8.21 (d,
J=4.5, 1H | 7.79-7.75 (m, 1H). 7.74 - 7.69 (m,
2H), 7.64 (cd, J=9.4, 2.9, 1H), 7.56 (dd, J=9.5,
2.5, 1H), 7.45-7.40 (m. 1H), 7.31-7.27 (m, 1H),
7.20 (d, J=2.4, 1H), 5.89 (s, 1H), 3.81-3.74 (m,
4H), 3.49 - 3.41 (m, 4H).

PCT/EP2014/001236
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?H
| = [4-Fluoro-3-{B-fluoro-
N 7-morpholin-4-yl-
o7 W x quinazolin-4 -yi)- o
F phenyl]-(6-methoxy-

0O

pyridazin-3-yl)-
methanol

MS: 466.2 (M+H?)
DELETE

TH NMR (500 MHz, DMSO-d6) ppm = 9.24 (s,
1H), 7.74 - 7.63 (m, 3H). 7.48 - 7.39 (m, 2H),
7.34 (cd, J=13.8, 3.1, 1H), 7.21 (d, J=9.2, 1H),
8.53 (d, J=:4.3, 1H), 6.03 (d, J=4.4, 1H), 4.00 (s,
3H), 3.83 - 3.77 (m, 4H), 3.36 - 3.27 (m, 4H).

OH

283

b
N

o

[4-Flucro-3-i6-fluoro-
7-morpholin-4-yl-
quinazalin-4-yf)-
phenyl]-(3-methyl-
pyrazir-2-yl)-
methanol

MS: 450.2 (M+H*)
DELFTE

1H NMR (400 MHz, DMSO-d6) ppm = 9.23 (s,
1H), 8.46 - 3.41 (m, 2H), 7.66 - 7.58 (m, 2H),
7.49-7.3" (m, 3H), 6.32(d, J=5.5, 1H), 6.10 (d,
J=5.5, 1H", 3.84 - 3.78 (m, 4H), 3.36 - 3.27 (m,

4H), 2.57 (s, 3H).

284

2-[4-Fluorn-3-(7-
maorpholin -4-yi-
quinazolin-4-yl}-
phenyi}-2-thieno-
[2,3-d}pyridazin-7-yl-
acetamide

A*

MS: 501.1 (M+H*)

TH NMR (300 MHz, DMSO-d6) ppm = 9.59 (s,
1H), 9.09 (s, 1H), 8.24 (d, J=5.3, 1H), 7.92 (s,
1H). 7.73-7.65 (m, 3H), 7.57 (dd, J=9.4, 3.1, 1H),
7.50 (dd, \'=9.5, 2.5, 1H), 7.47 - 7.36 (m, 2H),
7.19(d, J=2 5, 1H), 5.72 (s, TH), 3.84 - 3.73 (m,
4H), 3.46 - 3.41 (m, 4H), 9.09 - 9.09 (m, OH).
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! 285

2-{4-Fluoro-3-(7-
morpholin-4-yl-
quinazolin-4 -yl)-
phenyl}-2-theno-
[2,3-d}oyridazin-4-yl-
acetamide

1H NMR (5C0 MHz, DMSO-d6) ppm = 9.83 - 9.79
(m, 1H), $.08 (s, 1H), 8.30 (d, J=5.4, 1H), 7.81 -
7.75 (m, 2H), 7.75 - 7.68 (m, 2H), 7.56 (dd, J=9.4,
3.1, 1H), 7.49 (dd, J=9.4, 2.6, 1H), 7.40 (dd,
J=9.8,8.4 1H), 7.32 (s, 1H), 7.19 (d, J=2.5, 1H),
5.90 (s, 11), 3.81-3.74 (m, 4H), 3.47 - 3.40 (m,
4H).

286

(6-Chloro-3-methoxy-
pyridazin-1-yi)-{4-
fluoro-3-(7-
morpholin-4-yl- C C A*
quinazolin-4-yl)-
phenylimethanol
(Ena 1,

MS: 482.1/484 .2 (M+H*) (C!
isotopy, rel. peak intensity
ratio [%] 100:36); R
5.83min (SFC, Chiralpak
AS-H, COz2/20% by vol. of
methanol, 0.5% by vol. of
diethylamine)

see racemate

288

6-{[2-Chloro-4-fluoro-
5-(7-morphelin-4-yi-
quinazolin-4-yl)-
phenyllhydroxy- C C A¥
methyl}-2-mathyl-4,5-
dihydro-2H-
pyridazin-3-one

MS: 484.2/4886.2 (M+H*) (Cl
isotopy, rel. peak intensity
ratio [%] 100:35)

1H NMR (500 MHz, DMSO-d6) ppm = 9.12 (s,
1H), 7.84 (c, J=7.8, 1H), 7.68 (d, J=9.5, 1H), 7.57
(dd, J=9.4, 2.8, 1H), 7.54 (dd, J=9.5, 2.4, 1H),
7.21(d, J=2.3, 1H), 6.42 (s, 1H), 5.57 (s, 1H),
3.81-3.75 (m, 4H). 3.47 - 3.43 (m, 4H), 3.16 (s,
3H), 2.61-2.51 (m, 1H), 2.43 - 2.28 (m, 3H).
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2-{2-Chiora-4-fluoro-
5-(7-morphclin-4-yl-
quinazolin-4-yi)~

phenyl}-2-'3 -chloro-

pyridin-2-y -
acetamide
289
1H NNR (560 MHz, DMSO-d6) ppm = 9.08 (s,
MS: 512.2/514.2/516.2 1H), 8.44 (dd, J=4.7, 1.5, 1H), 7.95 (dd, J=8.1,
(M+H*) (Clzisotopy, re. 1.5, 1H), 7.76 (s, 1H), 7.72 (d, J=9.6, 1H), 7.58
peak intensity ratio [%] (dd, J=9.4, 2.9, 1H), 7.54 (dd, J=9.5, 2.5, 1H),
100:71:21) 7.41(d, J=:7 6, 1H). 7.35 (dd, J=8.1, 4.7, 1H), 7.28
! {s, 1H), 7 19(d, J=2.4, 1H), 5.81 (s, 1H), 3.80 -
3.75 (m, 4H}, 3.48 - 3.42 (m, 4H).
; H,N 0
2-(4-Chiorothieno-
[2,3-d}pyridazin-7-yl)-
Ci F | 2-[4-fluoro-3-(7-
morpholin-4-yi- B ¢ D
quinazolin-4-yi)-
290 (\N . phenyllacetamide
o._/ ~
TH NMR (5C0 MHz, DMSO-d6) ppm = 9.09 (s,
g 1H), 8.41(c, J=5.4, 1H), 7.94 (s, 1H), 7.71-7.65
MS: ©35.8%5372 (M) (U] (m, 341, 7.56 (dd, J=9.4, 3.1, 1H), 7.51 (dd,
ratio?;’] 100941) Y | J=0.4,2.5 1H), 7.48 -7.40 (m, 2H), 7.20 (d,
ol T J=2.4, 1H), 5.75 (s, 1H), 3.82-3.73 (m, 4H), 3.48
-3.40 (M, 4H).
2-(7-Crlorothieno-
[2,3-d}pyridazin-4-yl)-
2-[4-fluorc-3-(7-
morpholin-4-yl- B c D
quinazolin-4-yl)-
294 phenyllacstamide
1H NMR (5C0 MHz, DMSO-d6) ppm = 9.09 (s,
MS: 536.2/537.2 (M) (1 | 1H), 843 (d. J=5.4, 1H), 7.86 (d, J=5.4, TH), 7.7
isotopy, rel. peak intensity | (& 1H) 774 -7.67 (m, 2H), 7.56 (dd, J=9.4, 3.1,
ratio [%] 100:41) 1H), 7.50 (cd, J=9.5, 2.5, 1H), 7.44 - 7.35 (m, 2H),
o e 7.19 (d, J=:2 4, 1H). 5.92 (s, 1H), 3.81-3.74 (m,
4H), 3.47 - 3.40 (m, 4H).

PCT/EP2014/001236
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o O NH,
HzN/lk(N\ R 8-{Carbamoyl-{4-
lk | fluoro-3-(7-
N 2 | morpholin-4-yl-
/\/L guinazolin-4-yl)- C D A
Ny NN phenylime.thyi}-
/[ /k /) pyrazine-z -carboxylic
a N | acid amido
: 292 \/[ .
: O
1H NMR (500 MHz, DMSO-d8) ppm = 9.12 (s,
1H), 9.086 (s, 1H), 8.90 (s, 1H), 8.08 -8.01 (m,
A N 1H), 7.99-7.93 (m, tH), 7.85-7.77 (m, 2H),
MS: 488.2 (M+H") 7.77-7.71 (m, 1H), 7.59 (dd, J=9.4, 3.6, 1H),
7.52 (dd, J=9.5, 2.5, 1H), 7.46-7.39 (m, 1H),
7.38-7.32 (m, 1H), 7.20(d. J=2.5, 1H), 56.38 (s,
1H), 3.80-3.75 (m, 4H), 3.47 - 3.42 (m, 4H).
2-[2-Chloro-4-fluoro-
5-(7-morpanolin-4-yl-
quinazolin-4-yl}- B C A
N Xy pheny!]-2'-oyr|dm-3~
I /| ylacetamide
| 293 (\N NN
o
T 1H NMR (500 MHz, DMSO-d6) ppm = 9.09 (s,
1H), 8.49 (s, 1H), 8.46 (d, J=3.9, 1H), 7.94 (s,
MS: 478.2/480.2 (M+H*) (Cl | 1H), 7.74 (d, J=8.5, 1H), 7.67 (d, J=7.7, 1H), 7.66
isotopy, rel. peak intensity | - 7.63 (m, 1H), 7.56 (dd, J=9.4, 3.2, 1H), 7.53 (dd,
ratio {%] 100:30) J=9.5, 2.4, 1H), 7.37 (dd, J=7.9, 4.8, 1H), 7.33 (s,
1H), 7.20(d, J=2.3, 1H), 5.41 (s, 1H), 3.81-3.74
{m, 4H3, 3.49 - 3.42 (m, 4H).
2-]2 4-Difl 10ro-5-(7-
morpholin-4-yl-
quinazolin-4-yl)- B D A
phenyl]-2-oyridin-3-
! ylacetamide
294

MS: 462.3 (M+H*)

TH NMR (5C0 MHz, DMSO-d8) ppm = 9.08 (s,
1H), 8.53 (c, J=2.3. 1H), 8.48 (dd, J=4.8, 1.6, 1H).
7.89 (s, 1H), 7.72 (dt, J=8.0, 2.0, 1H), 7.61 (t,
J=8.2, 1H, 7.59 - 7.48 (m, 3H), 7.38 (dd, J=7.9,
4.7, 1H), 7.32 (s, 1H), 7.19 (d, J=2.3, 1H), 5.31
(s, 1H), 382 -3.73 (m, 4H), 3.47 - 3.42 (m, 4H).
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2-[4-Fluor>-3-(7-

morpholin -4-yl-
guinazolin-4-yl)- C D A
phenyl}-2-oyridin-3-
ylacetamidle
i 295
TH NMR (500 MHz, DMSO-d6) ppm = 9.09 (s,
1H), 8.55 (s, 1H), 8.47 (s, 1H), 7.82 (s, 1H), 7.79
MS: 444.2 (M+H*) (d, J=8.0, 1H), 7.62-7.56 (m, 2H), 7.56 - 7.49 (m,
2H), 7.45-7.35 (m, 2H), 7.25 (s, 1H), 7.20 (d,
J=2.0, 1H., 5.12 (s, 1H), 3.80-3.74 (m, 4H), 3.47
- 3.41 (m, 4H).
OH
N
\E = [4-Fluoro-3-(7-
> morpholin-4-yl-
N F | quinazolin-4-y))- c o A
phenyl-(6-methyl-
| TSN pyrazin-2-yl}-
methanol
296 (\N NG
6
1H NMR (500 MHz, DMSO-d6) ppm ~ 9.10 (s,
1H), 866 (s, 1H), 8.43 (s, 1H), 7.68-7.83 (m,
MS: 432.2 (M+Hi*) 2H), 7.54 - 7.49 (m, 2H), 7.42-7.35(m, 1H),
7.21-7.18 (m, 1H), 6.40 (d, J=4.3, 1H), 5.87 (d,
J=4.3,1H, 3.81-3.74 (m, 4H), 3.47 -3.41 (m,
4H), 2.486 (s, 3H).
2-(5-Crloro-pyridin-
3-yl)-2-[4-luoro-3-(7-
marphclin-4-y!- C D C
quinazolin-4-yl)-
phenyllacetamide
297

MS: 478 3/480.2 (M+H*) (Cl
isotopy, rel. peak intensity
ratio [%] 100:38)

TH NMR (500 MHz, DMSO-d6) ppm = 9.10 (s,
1H), 8.54 (d, J=2.4, 1H), 8.52 (d, J=1.9, 1H), 7.90
-7.87 (m, 1H), 7.85 (s, 1H), 7.61 (it, J=6.9, 2.3,
2H), 7.53 (cd, J=9.4, 2.8, 2H), 7.47 - 7.39 (m, 1H),
7.33 (s, 1H) 7.20(d, J=2.3, 1H), 5.16 (s, TH),
3.82 - 3.7:3 (m, 4H), 3.48 - 3.40 (m, 4H).
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2-[2-Chlora-4-fluoro-
5-(7-morpiclin-4-yl-
guinazolin-4-yl)-
phenyl}-2-11.2 4]-
triazolol4, 3-alpyridin-
5-ylacetarnide

298
1H NMR (5G0 MHz, DMSO-d6) ppm = 9.21 (d,

) . J=0.8, 1H:, 9.08 (s, 1H), 8.13 (s, 1H), 7.88 (d,
f\gibm8;2152251(;‘\?{::5?{(0' J=05. 1H:, 7.79 (d. J=92, 1H), 7.73 (s, 1H). 7.57
ratio‘[)l}/l'mdo‘?ss) Y 1 .7.48m, 3H), 7.38 (dd, J=9.2, .9, 1H), 7.19 (d,

° ’ J=2.3, 1H;, 6.57 (d, J=6.9, 1H), 5.84 (s, 1H), 3.80
-3.751im, 4H), 3.48-3.42 (m, 4H).
2-[4-Fluor »-3~(7-
morpholin-4-yl-
quinazolin-4-y!)-
phenyli-2-pyrrolo- c D D
[2,1-f][1,2,4]triazin-4~

299 ylacetamire
1H NMR (500 MHz, DMS0-d6) ppm = 13.68 (d,
J=4.0, 1H, 9.09 (s, 1H), 7.84 - 7.74 {m, 2H), 7.57
-7.46 (m, 3H), 7.46 -7.39 (m, 1H), 7.31-7.25 (m,
1H), 7.24 -7.16 (m, 1H). 7.02 (s, 1H), 6.21 (dd,
J=4.4,2.7 1H), 8.08 (s, 1H), 4.81 (dd, J=4.3, 1.7,
1H), 3.90- 3.70 (m, 4H), 3.53 - 3.38 (m, 4H).
2-[2-Chloro-4-fluoro-
5-(7-morpitclin-4-y!-
quinazolin-4-yl)- C D A
phenyl]-2-oyridazin-
3-ylaceamide
300

MS: 479.2/481.2 (M+H*) (Cl
isotopy, rel. peak intensity
ratio [%] 100:33)

TH NMR (500 MHz, DMSO-d6) ppm = 9.14 (dd,
J=4.9,1.6 1H), 9.10 (s, 1H), 8.03 (s, 1H), 7.76
(d, J=9.5, 1H), 7.71 (d, J=7.8, 1H), 7.65 (dd,
J=8.5,4.9 1H), 7.60 (dd, J=9.4, 3.4, 1H), 7.53
(dd, J=5.8, 2.1, 1H), 7.52 (dd, J=4.7, 2.0, 1H),
7.43 (s, 1H), 7.20 (d, J=2.5, 1H), 5.78 (s, 1H),
3.78 (dd, J=5.8, 4.0, 4H), 3.46 (dd, J=6.0, 3.9, 4H).
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H O
N 2O ¢
2-[2-Cnloro~4-fluoro-
5-(7-morpaclin-4-yl-
: quinazolin-4-yi)-
j; phenyl}-2-'3 5- c B A
dimethyl-pyrazin-2-
301 yl}acetam de
1H NVR (5¢0 MHz, DMSO-d8) ppm = 9.08 (s,

_ . 1H), 8.25 (s, 1H), 7.75-7.62 (m, 2H), 7.58 (dd,
:\3/136507%2{50251%éﬁs?tm J=9.4, 3.0. 1H), 7.54 (dd. J=9.5, 2.5, 1H), 7.47 (d,
raﬁo?;’] 160935) Yo 1 y=7.7,1H), 728 (s, 1H), 7.19 (d, J=2.4, 1H), 5.60

ol TV (s, 1H), 381 -3.74 (m, 4H), 3.49 - 3.42 (m, 4H),
2.49 (s, 3H), 2.41 (s, 3H).
OH
AN
||\ (6-Amino-pyrazin-2-
N e | y)-[4-fluoro-3~(7-
morpholin-4-yl- B c A
N guinazolin-4-yl)-
phenylimethanol
302 ]/\N N/)
o
1H NMR (500 MHz, DMSO-d6) ppm = 9.09 (s,
1H), 7.91 (s, 1H), 7.74 (s, 1H), 7.63 -7.56 (m,
MS: 433.1 (M+H*) 2H), 7.54 - 7.51 (m, 2H), 7.39 - 7.34 (m, 1H),
7.21-7.19 (m, 1H), 6.36 (s, 2H), 6.10 (d, J=4.3,
1H), 5.60 (¢, J=4.3, 1H). 3.81-3.74 (m, 4H), 3.47
- 3.41 (m, 4H).
2-[2-Ctlora-3-(7-
morpholin-4-yl-
quinazolin-4-yt)-
phenyl]-2-/3-methyl- C c B
pyrazin-2-yl)-
203 acetamide
1H NMR (5C0 MHz, DMSO-d8) ppm = 9.05 (s,
: 1H), 8.43 - 8.37 (m, 2H), 7.87 (d, J=9.4, 1H), 7.80
+
{‘gftb‘;?'rig“gfk({;";l?éc' (s, 1H), 775-7.65(m, 3H). 7.51 (dd. J=9.5, 2.6,
ratio [%] 100:38) 1H), 7.33 (s, 1H), 7.19(d, J=2.5, 1H), 5.71 (s,
T 1H), 3.85-3.74 (m, 4H), 3.52 ~ 3.39 (m, 4H),
2.55 (s, 3H).
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2-[2-Chlor-3-(7-
morphalin 4-yi-
quinazolin-4-yl)-

phenyl]-2-3- © c A
methoxy-pyrazin-2-
yhacetam:de
| 304

TH NNMR (500 MHz, DMSO-d6) ppm = 9.06 (s,
1H), 8.12(d, J=2.8, 1H), 8.10(d, J=2.8, 1H), 7.89

MS: 491.3/493.2 (M+H*} (CI | (d, J=9.4, 1H), 7.78-7.75 (m, 1H), 7.73 -7.69 (m,

isotopy, rel. peak intensity 2H), 7.67 (¢, J=8.1, 1H), 7.52 (dd, J=9.5, 2.6, 1H),

ratio [%] 100:38) 7.27-7.23 (m, 1H), 7.20 (d, J=2.6, 1H), 5.71 (s,
1H), 3.95 (s, 3H), 3.81-3.75(m, 4H), 3.49 - 3.41
{m, 4H).
2-[4-Fluoro-3-(7-
morpholin-4-yi-
quinazolin-4-yl)-
phenyl-2-3- ¢ c A
methoxy-pyrazin-2-

305 yhacetamide
1H NMR (560 MHz, DMSO-d6) ppm = 9.09 (s,
1H), 8.13(d, J=2.8, 1H). 8.10 (d, J=2.8, 1H), 7.63
(dd, J=9.4. 2.8, 1H), 7.61 - 7.52 (m, 4H), 7.41 -
7.35 (m, 1H}, 7.20 (d, J=2.4, 1H), 7.11 (s, 1H),
5.34 (s, 1H), 3.93 (s, 3H), 3.82-3.74 (m, 4H),
3.48 - 5.4 (m, 4H).
2-[2,4-Diflioro-5-(7-
morphclin 4-yi-
quinazolin-4-yl)-
phenyl]-2-'6- C D A
methoxy-pyridazin-3-
306 yhacetam:de

MS: 493.3 (M+H*)

TH NMR (500 MHz, DMSO-d6) ppm = 9.10 (s,
1H), 7.90 (s, 1H), 7.71 (t, J=8.2, 1H), 7.61-7.49
(m. 4H), 7.27 (s, 1H). 7.20 (d, J=2.4, 1H), 7.18(d,
J=9.2, TH:, 5.57 (s, 1H), 4.00 (s, 3H), 3.81-3.74
(m, 4H), 5.49 - 3.41 (m, 4H).
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2-[2-Chloro-4-fluoro-
5-(7-morphclin-4-yl-
quinazolin-4-yl)-
phenyl}-2-{3-
methoxypyridazin-4-
yhacetam:de:

MS: 509.2/511.1 (M+H*) (Ci
isotopy, rel. peak intensity
ratio [%] 100:39)

1H NMR (500 MHz, DMSO-d6) ppm = 9.09 (s,
1H), 8.80 (¢, J=4.7, 1H), 8.02 (s, 1H), 7.80 (d,
J=9.5, 1H,, 7.59 (dd, J=9.4, 3.3, 1H), 7.53 (dd,
J=9.5,2.5 1H), 7.46 (d, J=7.5, 1H), 7.42 (s, TH),
7.20 (c, J=2 4, 1H), 7.08 (dd, J=4.7, 0.5, 1H), 5.46
(s, 1H), 4 07 (s, 3H), 3.80 - 3.76 (m, 4H), 3.49 -
3.43 (m, 4H).

308

2-[4-Fluor>-3-(7-
morpholin-4-yl-
quinazolin-4-yl)-
phenyl-2-6-
methoxyp ridazin-3-
vl)acetam'de

1H NMR (500 MHz, DMSO-d6) ppm = 9.10 (s,
M), 7.87 (s, 1H), 7.67 (d, J=9.2, 1H), 7.64 - 7.57
(m, 2H), 7.57 - 7.49 (m, 2H), 7.46 - 7.38 (m, 1H),
7.31(s. 1H), 7.20 (d, J=2.2, TH), 7.18 (d, J=9.2,
1H), 5.40 (s, 1H), 4.00 (s, 3H), 3.78 (dd, J=5.8,
3.9, 4H), 3.44 (dd. J=5.8, 4.1, 4H).

309

2-[2-Chlora>-4-fluocro-
5-(7-morpnclin-4-yl-
quinazelin-4-yl)-
phenyl]-2-[3H- D D D
pyrralof2,--fi[1,2,4]-
triazin-(4E)-ylidene}-
acetamide

MS: 518.2/520.2 (M+H*) (Cl
isotopy, rel. peak intensity
ratio [%] 100:37)

1H NMR (560 MHz, DMSO-d6) ppm = 13.76 (d,
J=3.9, 1H,, 9.07 (s, 1H), 7.86 (d, J=9.7, 1H), 7.84
-7.76 (m, 2H), 7.56 (d, J=7.8, 1H), 7.51 (dd,
J=9.5,2.5 iH), 7.32(dd, J=2.7, 1.7, 1H), 7.18 (d,
J=2.4,“H, B.99 (s, 1H), 6.37 (s, 1H), 6.26 (dd,
J=4.4,2.7 1H), 4.87 (dd, J=4.4, 1.7, 1H), 3.81-
3.74 (m_4H), 3.49 - 3.42 (m, 4H).

PCT/EP2014/001236
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2-[2-Chloro-5-(7-
morpholin-4.yl-
quinazolin-4-yi)-
phenyl}-2-'6-
methoxy-pyridazin-3-
yl)acetam.de

MIS: 481.2/493.2 (M+H") (Cl
isotopy, rel. peak intensity
ratio (%] 100:35)

TH NMR (500 MHz, DMSO-d6) ppm = 9.07 (s,
1H), 7.97 (s, 1H), 7.89 - 7.85 (m, 2H), 7.73 (dd.
J=8.2,2.1 1H), 7.70 (d, J=8.2, 1H), 7.52 (dd,
J=9.5,2.6. 1H), 7.46 (d, J=9.2, TH), 7.39 (s, 1H),
7.21(c, J:2 5, 1H), 7.18 (d, J=9.2, 1H), 5.72 (s,
1H), 4.01 (s, 3H), 3.82 - 3.75 (m, 4H), 3.48-3.42
(m. 4H).

311

2-[2-Chlor »-4-fluoro-
5-(7-morpholin-4-yl-
quinazolin-4-yi)-
phenyll-2-1-methyi- | D D A
8-oxo-1,6-dihydro-
pyridazin-3-yl)-
acetamide

MS: 509.3/511.3 (M+H*) (Cl
isotopy, rel. peak intensity
ratio [%] 100:38)

1H NMR (500 MHz, DMSO-d6) ppm = 9.11 (s,
1H), 7.92 (s, TH), 7.76 (d, J=9.5, 1H), 7.68 (d,
J=7.5,1H,, 7.58 (dd, J=9.4, 3.1, 1H), 7.54 (dd,
J=9.5,2.5. 1H), 7.41 (s, 1H), 7.33 (d, J=9.6. 1H),
7.21 (d. J=2 4, 1H), 6.90 (d, J=9.8, 1H), 5.33 (s,
1H), 3.81-3.75 (m, 4H), 3.59 (s, 3H), 3.49-3.42
(m, 44,

312

2-[2-Chloro-4-fluoro-
5-(7-morpiolin-4-yl-
quinazolin-4-yl)-
phenyll-2-{1-methyl- | D D A
8-oxo-1,6-dinydro-
pyridin-2-y1)-
acetamide

MS: 508.3/510.2 (M+H*) (Ct
isotopy, rel. peak intensity
ratio [%) 100:38)

TH NMR (500 MHz, DMSO-dS) ppm = 9.09 (s,
1H), 8.04 (s, 1H), 7.83 (d, J=9.4, 1H), 7.62-7.44
(m, 3H), ¥.42-7.27 (m, 2H), 7.19 (d. J=2.4, 1H),
8.36 (dd, v=3.1, 1.3, 1H), 5.90 (dd, J=7.1, 1.3, 1H),
5.48 (s, 1H), 3.77 (dd, J=5.8, 4.0, 4H), 3.52-3.42
(m, 4H). .40 (s, 3H).

PCT/EP2014/001236
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| 2-(3-Chloro-pyridin-
2-yl)-2-[4-luoro-3-(7-
morphatin 4-yl- C c B
quinazolin-4-yl)-
SN phenyljacatamide
313 P
(\N N
6
1H NMR (500 MHz, DMSO-d6) ppm = 9.10 (s,
. . 1H), 8.51 (ad, J=4.7, 1.5, 1H), 7.93 (dd, J=8.1,
gg{oﬂa}iiliegézk(iwt;;{s?t((:i 1.5, 1H), 7.64 (dd, J=9.4, 2.5, 1H), 7.61 - 7.53 (m,
i ‘[’;] 10'0‘?36) Y| aH), 7.39 (ad, J=9.9, 8.7, 1H), 7.36 (dd, J=8.1,
o1 TU-29) 4.7, 1H), 7.21 (d, J=2.5, 1H), 7.17 (s, 1H), 5.53
(s, 1H), 384 -3.73 (m, 4H), 3.50 - 3.41 (m, 4H).
OH
N
| \ (5,6-Dimethyl-
= pyrazin-2-yl}-[4-
N F | fluoro-3-(7- e 8 5
morpholin -4-yl-
O N quinazolin-4-yf)-
214 I/\N N/) phenylmethanol
o)
1H NMR (500 MHz, DMSO-d6) ppm = 9.09 (s,
‘ ) 1H), 8.51 (s, TH), 7.66 - 7.61 (m, 2H), 7.54 - 7.49
MS: 448.2 (M+H") (m, 2H;, .40 -7.35 (m, 1H), 7.21 - 7.19 (m, 1H),
6.32 (d, J=4 2, 1H), 5.84 (d, J=4.0, 1H), 3.80 -
3756 {m, 4H), 3.46 - 3.42 (m, 4H), 2.45 (s, 3H),
2.44 (s, 3H).
2-[2-Chlora-5-(7-
morphelin-4-yi-
quinazolin-4-yl)-
phenyl}-2-/3-chtoro- D D c
pyrazin-2-yl}-
acetamide
315
1H NMR (500 MHz, DMSO-d6) ppm = 9.07 (s,
: 1H), 8.80 (G, J=2.5, 1H), 8.45 (d, J=2.5, 1H), 7.97
! ?ﬁiﬁ%ﬁ@"ﬂié‘tl""gg{; -7.91 (m, 1H), 7.88 (d, J=9.5, 1H), 7.75 (dd,
beak KA ; ra§g=[%]' J=8.3,2.1 1H), 7.71(d, J=8.2, 1H), 7.66 (d,
100:75:20) J=2.1, 1H;, 7.53 (dd, J=9.5, 2.6, 1H), 7.47 -7.42
_ T (m, 1H), V.22 -7.18 (m, 1H), 5.87 (s, 1H), 3.81 -
L 3.76 (m, 4H), 3.47 - 3.42 (m, 4H).
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2-[2-Fluora-5-(7-
morpholin-4-yl-
quinazolin-4-yl)-
phenyf}-2-(3-
methoxy-pyrazin-2-
yl)acetamide

316
O\)
1H NMR (500 MHz, DMSO-dB) ppm = 9.05 (s,
. 1H), 8.13 (d, J=2.9, 2H), 7.94 (d, J=9.4, 1H), 7.78
MS: 475.4 (M+H") -7.70 (m, 3H), 7.53 (dd, J=9.5, 2.6, 1H), 7.41 (dd.
J=8.6,8.6 1H), 7.23 (s, 1H), 7.18(d, J=2.5, 1H)},
5.59 (s, 1H1), 3.95 (s, 3H), 3.82-3.74 (m, 4H),
3.48 - 3.40 (m, 4H).
2-[4-Fluora-3-(7-
maorpholin-4-yl-
quinazolin-4-yl)-
phenyll-2-(1-methyl- | D D B
8-oxo-1,6-dihydro-
pyridazin- 3-yl)-
317 acetamide:
TH NMR (5€Q MHz, CMSO-d6) ppm = 9.10 (s,
1H), 7.86 (s, 1H), 7.64 -7.50 (m, 4H), 7.47 (d,
MS: 475.3 (M+H*) J=96, 1H, 7.44 (dd, J=9.8, 8.5, 1H), 7.34 (s, 1H),
7.20(d, J=:2.2, 1H), 6.90 (d. J=9.6, 1H), 5.05 (s,
1H), 3.83-3.73(m, 4H), 3.61 (s, 3H), 3.44 (1,
J=4.9, 4H..
@) NH,
N 2-(3,5-Dimethyl-
/H\¢N pyrazin-2-yl)-2-[4-
e F fluoro-3-(7- c D A
morpholin-4-yl-
AN quinazolin-4-yl)-
| ) ) phenyllacetamide
318 (\N = N/
| |
NG

MS: 473.4 (M+H*)

1H NMR (5C0 MHz, DMSO-d6) ppm = 9.09 (s,
1H), 8.29 (s, 1H), 7.60 (dd, J=9.5, 2.9, 1H), 7.59 -
7.55 (m, 2H:, 7.54 (dd, J=9.5, 2.5, 1H), 7.50 (s,
1H), 7.42-7.33 (m, 1H), 7.20 (d, J=2.5, 1H), 7.15
(s, 1H), 535 (s, 1H). 3.78 (dd, J=5.8, 4.0. 4H),
3.44 (dd, J=5.0, 3.9, 4H), 2.49 (s, 3H), 2.41 (s,
3H).
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HN O
\O 2 ri_
N7~ 2-[2.4-Difl 10r0-5-(7-

L

I

morpholin -4-yi-
quinazolin-4-yl)-
phenyl]-2-3-
methoxy-f yrazin-2-
yhacetam:de

Z.

)
S

@
319 P
l/\N N)
o
1H NMR (3C0 MHz, DMSO0O-d8) ppm = 9.08 (s,
1H), 8.13 (0, J=2.8, 1H), 8.11(d, J=2.8, 1H), 7.73
MS: 493.4 (M+H*) (s, 1H), 761 (dd, J=8.4, 3.2, 1H), 7.568-7.46 (m,
3H), 7.24 (=, 1H), 7.20(d, J==2.4, 1H), 5.53 (s,
TH), 3.95 (s, 3H), 3.78 (dd, J=5.8, 4.0, 4H), 3.45
{dd, J=6.0, 5.9, 4H).
2-[2-Chloro-4-fluoro-
5-(7-morpholin-4-yi-
quinazolin-4-yl)-
phenyl-2-{3- C B A
| methoxy-fyrazin-2-
ylacetam:de:
320
TH NMR (500 MHz, DMSC-d3) ppm = 8.09 (s,
1H), 8.12 (v, J=2.8, 1H), 8.09 (d, J=2.8, 1H), 7.78
MS: 509.3/511.3 (M+H*) (C! | (s, 1H), 772 (d, J=9.6, 1H), 7.60 (dd, J=9.4, 3.1,
isotopy, rel. peak intensity 1H), 7.55 (ad, J=8.5, 2.5, 1H), 7.51 (d, J=7.8, 1H),
ratio [%] 100:38) 7.26 (s, 1H), 7.20 (d, J=2.4, 1H), 5.65 (s, 1H),
3.95 (s 3H), 3.86-3.66 (m. 4H), 3.56 - 3.37 (m,
4H).
0 NH
F 2
X
| 2-(3,5-Difl scro-
N A~ E E pyridin-4-yl)-2-[4-
fluoro-3-(7- o 8 8
N morphclin-4-yi-
321 N quinazolin-4-yl)-

phenyllacetamide

MS: 480.2 (M+H*)

1H NMR (5C0 MHz, DMSO-d6) ppm = 9.09 (s,
1H), 8.50 (s, 2H), 7.59 (s, 1H), 7.58 - 7.49 (m,
4H), 7.46 - 7.37 (m, 2H), 7.20 (d, J=2.2, 1H), 5.42
(s, 1H), 387 -3.64 (m, 4H), 3.59 - 3.40 (m, 4H).
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322

2-(4-Chioro-5-fluoro-
pyridir-3-y1)- 2-[4-
fluoro-3-(7 -
morphotin -4-yl-
quinazolin-4 -yh)-
phenyljacetamide

MS: 496.2/498.1 (M+H*) (CI
isotopy, rel. peak intensity
ratio [%] 100:37)

1H NMR (500 MHz, DMSO-d6) ppm = 9.09 (d,
J=2.3,1H , 8.65 (s, 1H), 8.33 (s, 1H), 7.94 (s,
1H), 7.61 - 7.50 (m, 4H), 7.44 (dt, J=20.5, 9.0,
2H), 7.20 (d, J=2.1, 1H), 5.44 (s, 1H), 3.80-3.75
(m, 4H), 4.47 - 3.42 (m, 4H).

323

2-[2-Chlorp-4-fiuoro-
5-(7-morpaclin-4-yl-
quinazolin-4-yt)-
phenyli]-2-:imidazo-
[1,2-blpyridezin-6-y!-
acetamide

MS: 518.2/620.2 (M+H*) (CI
isotopy, rel. peak intensity
ratio [%] 100:35)

1H NMR (500 MHz, DMSO-d6) ppm = 9.10 (d,
J=10.0. 1H), 8.24 (s, 1H). 8.08 (d, J=9.5, 1H).
8.02 (s. 1H), 7.79 (d, J=9.5, 1H), 7.76 (d, J=1.2,
1H), 7.72 (G, J=7.6, 1H), 7.60 (dd, J=9.5, 3.2, 1H),
7.53 (dd, /=9.5, 2.5, 1H), 7.47 (s, 1H), 7.22 (d,
J=2.5, 1H , 7.11(d, J=9.5, 1H), 5.61 (s, 1H), 3.81

324

-3.74 (m, 4H), 3.49 - 3.42 (m, 4H).

2-[2-Chloro-4-fluoro-
5-(7-morpholin-4-yl-
guinazolin-4-yl}-
phenyi}-2-;3-methyl-
pyrazin-2-yl}-
acetamide:

MS: 483.3/495.3 (M+H"*) (Cl
isotopy, rel. peak intensity
ratio [%] 100:38)

1H NMR (500 MHz, DMSO-d6) ppm = 9.08 (s,
1H), 8.40 (d, J=2.5, 1H), 8.38 (d, J=2.5, 1H), 7.80
(s, 1H), 773 (d, J=9.5, 1H), 7.59 (dd, J=9.4, 3.0,
1H), 7.54 (ad, J=9.5, 2.5, 1H), 7.48 (d, J=7.6, TH),
7.34 (s, 1H), 7.19 (d, J=2.4, 1H), 5.66 (s, 1H),
3.78 (dd, .i=5.8, 4.0, 4H), 3.45 (dd, J=5.9, 3.9, 4H),
2.55 (s, 3H).

PCT/EP2014/001236




WO 2014/183850 - 158 -
HZN\&O -
] X ] AN 2-{2-Chlora-4-fluoro-
‘ i 5-(7-morpolin-4-yl-
So AN = quinazolin-4-yl)- 5 b 8
pheny1-2-'6-
7 \lil methoxypyridazin-3-
32§ P b . » yhacetam de
: | |
O\/

MS: 509.2/511.1 (M+H*) (Ci
isotopy, rel. peak intensity

ratio [%] 100:37)

1H NMR (5C0 MHz, DMSO-d6) ppm = 8.11 (s,
1H), 7.96 (s, 1H), 7.75(d, J=9.5, 1H), 7.71 (d,
J=7.6, 1H:, 7.63-7.51 (m, 2H), 7.47 (d, J=9.2,
1H), 7.39 (s, 1H), 7.21(d, J=2.4, 1H), 7.17 (d,
J=9.2, 1H, 5.67 (s, 1H), 4.00 (s, 3H), 3.82-3.74
(m, 4H), .80 - 3.42 (m, 4H).

326

6-{[4-Fluo:0-3-(7-
morpholin-4-yl-
quinazolin-4-yl)- c B A
phenyllhydroxy-
methyi-2-methyl-2H-
pyridazin-3-one

TH NMR (560 MHz, DMSO-d8) ppm = 9.10 (s,
1H), 7.66 - 7.60 (m, 211), 7.55 - 7.49 (m, 2H),

7.47 (d, J=0 8, 1H), 7.44-7.39 (m, 1H), 7.21 -
7.19 (m, 1H}, 6.93 (d, J=9.6, 1H), 6.46 (d, J=4.3,
1H), 5.66 (d. J=4.3, 1H), 3.80 - 3.75 (m, 4H), 3.62
(s, 3H), 346 - 3.42 (m, 4H).

327

2-[4-Fluor)-3-(7-
morphalin 4-yi-
quinazolin-4-yl)-

phenyl]-2-/3-methyl- | © D A
pyrazin-2-yl}-
acetamide

MS: 459.3 (M+H?*)

1H NMR (500 MHz, DMSO-d5) ppm = 9.09 (s,
1H), 8.41 (¢, J=2.4, 1H), 8.38 (d, J=2.6, 1H), 7.64

-7.51 (m, 5H), 7.38 (dd, J=10.6, 8.5, 1H), 7.21 -

7.16 (m, 2H), 5.41 (s, 1H). 3.83-3.74 (m, 4H),
| 3.46 - 3.40 (m, 4H), 2.54 (s, 3H).

PCT/EP2014/001230
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. 328

{4-Fluoro-3-(7-
morpholin-4-yl-
quinazolin-4-yi)- A A D
phenylifural2.3-cl-

pyridin-7-ylmethanol

PCT/EP2014/001236

1H NMR (500 MHz, DMSO-d6) ppm = 9.08 (s,
1H), 8.32 (d, J=5.2, 1H), 8.21(d, J=2.2, 1H), 7.74
MS: 457.2 (M+H*) -7.67 (m, 2H), 7.64 (d, J=5.2, 1H), 7.52 - 7.49 (m,
2H), 7.36 (dd, J=9.9, 8.4, 1H), 7.22-7.16 (m, 1H),
7.06 (d, J=:2.2, 1H), 6.32 (d, J=5.0, 1H), 6.25 (d,
J=5.0, 1H;, 3.80-3.75 (m, 4H), 3.46-3.41 (m,
4H).
2-[2,4-Diflioro-5-(7-
morpholin-4-yl-
quinazolin-4-yi)-
phenyl}-2-{3-methyl- C c A
' pyrazin-2-yl)-
329 acetamide
O
h 1H NMR (500 MHz, DMSO-d6) ppm = 9.08 (s,
1H), 8.41 (d, J=2.6, 1H), 8.39(d, J=2.7, 1H), 7.77
MS: 477.2 (M+H¥) -7.68{m, 1H), 7.61(dd, J=9 4, 3.1, 1H), 7.59 -
7.47 (M, 3H), 7.32 (s, 1H), 7.19(d, J=2.5, 1H),
5.57 (s, 1H), 3.84 -3.74 (m, 4H), 3.48 - 3.41 (m,
4H), 2.55 (s, 3H).
5-Chloro-6-{f2-
: chloro-5-(7-
: morpholin-4-yl-
quinazolin-4-yl)- ¢ D A
phenyllhydroxy-
330 methyl}pyrimidin-4-o!

MS: 484.1/486.1/488.1
(M+H*} (Clzisotopy, rel.
peak intensity ratio [%]
100:70:18)

1H NMR (500 MHz, DMSO-d8) ppm = 13.06 (s,
1H), 9.09 (s, 1H), 8.22 - 8.14 (m, 2H), 7.97 (d.
J=9.4, 1HY, 7.71(dd, J=8.2. 2.2, 1H), 7.62 - 7.58
(m, 2H), 7.22 (d, J=2.8, 1H), 6.46 (d, J=5.5, 1H),
6.31 (¢, J=5.5, 1H), 3.83-3.77 (m, 4H), 3.48 -
3.43 (M, 4).
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(3-methyl-pyrazin-2-
y-[3-(7-morpholin-4-
ylquinazolin-4-yi)-4-
oxocyclohexa-2,5-
dien-(E)-ytidane)-

331 acetic acid

? 1H NMR (500 MHz, DMSO-d8) ppm = 9.06 (s,
1H), 8.70 (¢, J=2.5, 1H), 8.56 (d, J=2.6, 1H), 8.01
(dd, J=8.8, 2.3, 1H), 7.84 (d, J=2.3, 1H), 7.48 (d,
J=1.4,2H), 7.38 (d, J=8.8, 1H), 7.17-7.14 (m,
1H), 3.81-3.74 (m, 4H), 3.45-3.39 (m, 4H),
2.65 (s, 3H).
[4-Fluoro-3-(7-
morpholin-4-yl-
guinazolin-4-yl}-
phenylithieno[2,3-d}- A A B
pyridazin-7-yl-

| 332 methanol

1H NMR (3C0 MHz, DMSO-d8) ppm = 9.56 (s,

_ 1H), 9.08 (s, 1H), 8.26 (d, J=5.4, 1H), 7.79 - 7.72

MS: 474.1 (M+H") (m, 2H), .70 (d. J=5.4, 1H), 7.51 - 7.44 (m, 2H),
7.43-7.3% (m, 1H), 7.21-7.16 (m. 1H), 7.10 (d,

J=3.8, 1H', 6.38 (d, J=3.8, 1H), 3.82-3.74 (m.

4H), 347 - 3.40 (m, 4H).

— OH
S .
= I [4-Fluoro-3-(7-

\N N morpholin-4-yl-
quinazolin-4-yi)-
phenyllthienof2,3-d}-
| ) pyridazin-i-vi-

d. methanol
333 (\N = J\N
o)

N

!

t 7SN

1H NMR (500 MHz. DMSO-d6) ppm = 9.84 (d,
J=0.6, 1H}, 9.08 (s, 1H), 8.28 (d, J=5.3, 1H), 7.89
MS: 474.2 (M+H") (dd, J=5.4, C.7, 1H), 7.75-7.67 (m, 2H), 7.48 (dd,
J=04,2.4 1H), 7.45(dd, J=9.4, 2.9, 1H), 7.42 -
7.34 (m, 1), 7.19 (d, J=2.3, 1H), 8.82 (s, 1H),
6.42 (s, 1H), 3.81-3.75(m, 4H), 3.47 - 3.41 (m,
4H).
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2-[2-Chloro-4-fluoro-
5-(7-morpiaclin-4-yl-
quinazolin-4-yl)-

F | phenyl}-2-(1.4- D D A
N dimethyl-€-cxo-1,6-
N . L
D\ ) dihydropyridin-2-yl}-
334 ez acetamide
N N
0(\
1H NMR (500 MHz, DMSO-d6) ppm = 9.10 (s,

. . 1H), 8.10-7.99 (m, 1H), 7.85 (d, J=9.4, 1H), 7.58
;‘;‘;6522'{;"52:;‘((;;”;;'8&(C' -7.49 {m, 3H), 7.34 (d, J=7.4. 1H), 7.24-7.17 (m,
ratio%’mdopas) Y1 1H), 8.22-8.15 (m, 1H), 5.79-5.77 (m, 1H),

oy FVE 5.47 (s, 1H), 3.82-3.75 (m, 4H), 3.46 (t, J=5.0,
4H), 3.36 (s, 3H), 2.05 (s, 3H).
[4-Flucro-3-(7-
morpholin-4-yl-
quinazolin-4-yl)-
phenylifura[2,3-dl- | A A A
pyridazin-7-vl-

335 methanol
|

1H NMR (500 MHz, DMSO-d6) ppm = 9.59 (s,
1H), 9.09 (s, 1H), 8.37 (d, J=2.1, 1H1), 7.82 -7.70

) N (m, 2H), 7.54 - 7.47 (m, 2H), 7.40 (dd, J=9.8, 8.6,

MS: 458.2 (M+H") 1H), 7.23-7.16 (m, 2H), 6.69 (d, J=4.6, 1H), 6.40
(d, J=4.8, 1H), 3.81-3.75(m, 4H), 3.47 -3.41 (m,
4H).
{2,4-Diftucro-5-(7-
morpholin 4-yi-
guinazolin-4~yi)-
phenyllfurs2.3-d}- | A A A
pyridazin-7-vl-

336 methanol

MS: 475.7 (M+H*)

1H NMR (500 MHz, DMSO-d6) ppm = 9.63 (s,
1H), 9.14 (s, 1H), 8.41(d, J=2.1, 1H), 8.10 (t,
J=8.1, 1H), 7.63 (dd, J=9.4, 3.0, 1H), 7.58 (dd,
J=9.4,2.5, 1H), 7.45 (t, J=10.1, 1H), 7.27 - 7.19
(m, 2H), €.82 (d. J=5.3, 1H), 6.63 (d, J=5.3, TH).
3.83 - 3.77 (m, 4H). 3.50 - 3.45 (m, 4H).
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7-[[4-Fluoro-3-(7-
morpholino-
quinazoiin-4-yl)-
phenylihydroxy-
methyl]-5H-thieno-
{2.3-d}oyridazin-4-

337 one
o
1H NMR (500 MHz, DMSO-d8) ppm = 12.73 (s,
1H), 9.10 (s, 1H), 8.04 (d, J=5.3, 1H), 7.74-7.63
(m, 2H), 7.59 (d, J=5.2, 1H), 7.53 - 7.45 (m, 2H),
MS: 490.1 (M+H*) 7.44 -7.37 (m, 1H), 7.23-7.13 (m, 1H), 6.88 (s,
1H), 5.94 (s, 1H), 3.82-3.71 (m, 4H), 3.46 - 3.41
(m, 4H).
4-[[4-Fluoro-3-(7-
marpholino-
quinazolin-4-yl)-
phenyllhydroxy-
methyl}-6H- A B A
; thienof2,3-d}-
' 238 pyridazin-7-one
1H NMR (500 MHz, DMSO-d6) ppm = 12.82 (s,
1H), 9.08 (s, 1H), 8.18 (d, J=5.2, 1H), 7.70 - 7.64
(m, 2H), V.62 (d, J=5.2, 1H), 7.50 (dd, J=9.4, 2.4,
MS: 490.1 (M+H?*) 1H), 7.47 (dd, J=9.4, 2.8, 1H), 7.44 - 7.36 (m, 1H),
7.19 (d, J=2.3, 1H), 6.62 (s, 1H), 6.01 (s, 1H),
3.81-3.73 (m, 4H), 3.48 - 3.40 (m, 4H).
6-{[2-Chioro-4-fluoro-
5-(7-morpholin-4-yl-
quinazalin-4-yl)-
phenyllhydroxy- C B A
methyl}-1,4-dimethyl-
1H-pyridin-2-one
i 339

MS: 494.7/498.7 (M+H*) (Cl
isotopy. rel. peak intensity
ratio [%] 100:37)

1H NMR (500 MHz, DMSO-d6) ppm = 9.13 (s,
1H), 7.79 (d, J=9.5, 1H), 7.71(d, J=7.6, 1H), 7.60
(dd, J=9.4 22, 1H), 7.54 (dd, J=9.4, 2.5, 1H),
7.22(d, J=2.4, 1H), 6.60 (d, J=6.2, 1H), 6.27 -
6.15 (m, 1H), 6.05 (d, J=6.2, 1H), 5.84 - 5.68 (m,
1H), 3.81-3.75 (m, 4H), 3.52 - 3.43 (m, 7H),

2.05 (s, 3H).
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6-{[4-Fluoro-3-(7-
morpholin 4-yl-
quinazolin-4-yl)-
phenyllhydroxy-
methyl}-1,4-dimethyi-
1H-pyridin-2-one

342

1H NMR (500 MHz, DMSO-d6) ppm = 9.10 (s,
1H), 7.62-7.54 (m, 2H), 7.54 - 7.49 (m, 2H),
7.49-7.41 (m, 1H), 7.22 - 7.18 (m, 1H), 6.50 (d,
MS: 461.2 (M+H") J=5.1, 1H}, 6.21-6.15(m, 2H), 590 (d, J=51,
1H), 3.81-3.74 (m, 4H), 3.48 - 3.41 (i, 4H),
3.30 (s, 3H), 2.12 (s, 3H).
— OH F
S
“ [2,4-Diflucro-5-(7-
X N morpholin-4-yl-
N F | quinazolin-4-yl)- A A B
phenyllthienof2,3-d}-
SN pyridazin-{-yi-
//l methanol
341 (\N N
o
1H NMR (500 MHz, DMSO-d6) ppm = 9.85 (d,
J=0.8, 1H), 9.12 (s, 1H), 8.33(d, J=5.3, 1H). 8.01
A . (t, J=8.1, “H), 7.91 {dd. J=5.4, 0.8, 1H), 7.66 -
MS: 492.2 (M+H7) 750 (m, 2H), 7.43 (1, J=10.1, 1H), 7.21 (d, J=2.4,
1H), 6.84 (s, 1H), 6.63 (s, 1H), 3.86-3.70 (m,
4H), 3.54 - 3.40 (m, 4H).
S OH F
/
Z [2,4-Difluoro-5-(7-
X, AN morpholin-4-yl-
N F | quinazolin-4 yi)- A A A
phenylithieno[2,3-d}-
O \)N pyridazin-7-yl-
methanol
(\N N/
o

MS: 492 2 (M+H")

1H NMR (500 MHz, DMSO-d6) ppm = 9.57 (s,
1H), 9.09 (s, 1H), 8.27 (d, J=5.4, 1H), 7.86 (t,
J=8.0, 1H;, 7.71(d, J=5.4, 1H), 7.61 - 7.42 (m,
3H), 7.19 (d, J=2.4, 1H), 7.16 (d, J=4.8, 1H), 6.54
(d, J=4.8, 1H), 3.85-3.69 (m, 4H), 3.50 - 3.38 (m,
4H).
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343

[4-Fluoro-3-(7-
morpholin-4-yl-
quinazolin-4-yl)-
phenyl}-{1.2,4]-
triazolof4, 3-alpyridin-
3-yimethancl (Ena 2)

MS: 457.2 (M+H*); R
11.36min (SFC, Chiralpak
AS-H, CO2/20% by vol. of
methanol, 0.5% by vol. of
diethylamine)

see racerale

344

[4-Fluoro-3-(7-
morpholin-4-yl-
quinazolin-4-yi)-
phenyl]-{1.2,4]-
triazolo[4,3-a]pyridin-
3-ylmethanol (Ena 1)

MS: 457.2 (M+H*); Ry
8.65min (SFC, Chiralpak
AS-H, CO2/20% by vol. of
methanol, 0.5% by vol. of
diethylamine)

see racemate

345

[4-Fluoro-3-(7-
morphalin-4-yi-
quinazolin-4-yl)-
phenyl]pyrrolof2,1-f]-
[1,2,4}riazin-4-yl-
methanol

1H NMR (500 MHz, DMSO-d6) ppm = 9.09 (s,
1H), €.49 (s, 1H), 8.08 (dd, J=2.6, 1.4, 1H), 7.84 -
7.76 (m, 2H), 7.53 - 7.45 (m, 2H), 7.42 - 7.36 {m.
1H), 7.29 (dd, J=4.8, 1.4, 1H), 7.19 (d, J=2.0, 1H),
7.02 (dd, .=4.6, 2.6, 1H), 6.62 (s, 1H), 6.07 (s,
1H), 3.80 - 3.74 (m, 4H), 3.46 - 3.41 (m, 4H).

346

[2,4-Difluoro-5-(7-
morpholin- 4-yl-
quinazolin -4-yl)-
phenyl]-(9-methyl-
9H-purin-€-yl)-
methanol (Ena 2)
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MS: 490.2 (M+H*); Rt
7.65min (SFC, Chiralpak
AD-H, COz/40% by vol. of
methanol, 0.5% by vol. of
diethylamine)

see racemate

i2,4-Diflucro-5-(7-
morpholin-4-yl-
quinazolin-4-yl)-

: phenyl]-(S-methyl- B B A
! 9H-purin-6-yl)-
347 methanol {Ena 1)
¢)
MS: 480.2 (M+H*); Rt
4.59min (SFC, Chiralpak
AD-H, COz/40% by vol. of | see racemale
methanol, 0.5% by vol. of
diethylamine)
2-[2,4-Difluoro-5-(7-
morpholin~4-yl-
quinazolin-4-yl}-
phenyl]-2-pyrrole- A B c
[1,2-a)pyrazin-1-yl-
acetamide
348
TH NMR (500 MHz, DMSO-d6) ppm = 9.10 (s,
1H), 8.23-38.19 (m, 1H), 7.93 (s, 1H), 7.80 (t,
J=8.2, 1H}, 7.77 (dd, J=2.4, 1.4, 1H), 7.63 (dd,
MS: 501.3 (M+H*) J=9.4,3.1 1H), 7.55(dd, J=12.3, 2.8, 1H), 7.50
(d, 3=10.0 1H), 7.44 (d, J=4.8, 1H), 7.33 (s, 1H),
7.21(d, J=2.5, 1H), 6.94 -6.8% (m, 2H), 5.75(s,
iH), 3.82-3.77 (m, 4H), 3.49 - 3.45 (m, 4H).
4-[2-Fluorn-5-(3-
methyl-pyrazin-2-
yimethyl)phenyl]-7- B A A
morpholin-4-yl-
‘ 349 quinazolinz
1TH NMR (300 MHz, DMSO-d6) ppm = 9.09 (s,
1H), 8.43 - 8.36 (m, 2H), 7.56 - 7.49 (m, 2H),
MS: 416.3 (M+H*) 7.46 (dd, 0=7.8, 5.5, 2H), 7.39 -7.33 (m, 1H),
7.22-7.1€ (m, 1H), 4.28 (s, 2H), 3.81-3.75 (m,

4H), 3.46 - 3.41 (m, 4H), 2.53 (s, 3H).
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NN
] [2,4-Diflucro-5-(7-
X morpholin -4-yl-
F 1 quinazolin-4-yl)- B c A
phenyl}-{1.2,4}-
SN triazolo[4, 3-a]pyridin-
350 /) 5-yimethanol

zZ
P

9

)

MS: 475.2 (M+H?*)

TH NMR (560 MHz, DMSO-d6) ppm = 9.33 (s,
1H), 9.13 (s, 1H), 7.94 (t J=8.1, 1H), 7.80 (d,
J=9.2, 1H,, 7.61-7.50 (m, 3H), 7.42 (dd, J=9.2,
6.8, 1H), 7.22 (d, J=2.4, 1H), 6.93 (d, J=5.7, 1H),
6.87 (d, J=6 8, 1H), 6.49 (d, J=5.6, 1H), 3.83 -
3.75 (m, 4H), 3.49 - 3.43 (m, 4H).

[4-Fluoro-3-(7-
morpholin -4-yi-
quinazolin-4-yl)-

phenyll-[1 2,4- C D A
triazolo[4, 3-a}-

351 pyrazin-8-ylmethanol
1H NMR (5C0 MHz, DMSO-d8) ppm = 9.44 (s,
1H), 9.09 (s, 1H), 8.52 (d, J=4.7, 1H), 7.91 (d,

i + J=4.7, 1H:, 7.85-7.78 (m, 2H), 7.53 (dd, J=9.4,
MS: 458.1 (M+H") 2.9, 1H), 7.50 (dd, J=9.4, 2.4, 1H), 7.41 - 7.35 (m,

1H), 7.20 (d, J=2.3, 1H), 6.51 (s, 1H), 6.43 (s,
1H), 3.82 - 3.74 (m, 4H), 3.47 - 3.41 {m, 4H).
4-{2-Fluoro-H-
Imethoxy-i 3-methyl-
pyrazir-2-7)methyl]- D A*
phenyl-7-morpholin-
4-ylquinazoline (Ena

352 17

MS: 448.2 (M+H*), R
3.08min (SFC, Chiralcel
0OJ-H, CO2/20% by vol. of
2-propanol, 0.5% by vol. of
diethylamine)

1H NMR (500 MHz, DMSQO-d6) ppm = 9.11 (s,
1H), 8.53 - 8.42 (m, 2H), 7.69 - 7.58 (m, 2H),

7.58 - 7.48 (m, 2H), 7.48-7.38 (m, 1H), 7.21 (d,
J=1.9, 1H;, 5.80 (s, 1H), 3.81-3.70 (m, 4H), 3.48
- 3.39 (m, 4H), 3.36 (s, 3H), 2.59 (s, 3H).
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' 353

4-{2-Fluora-5-
[methoxy-3-methyi-
pyrazin-2-yl)methyl}-
phenyl}-7-morphaolin-
4-ylquinazoline (Ena
2)

MS: 446.2 (M+H*); R
3.78min (SFC, Chiralcel
OJ-H, CO2/20% by vol. of
2-propanol, 0.5% by vol. of
diethylamine)

TH NMR (560 MHz, DMSO-d6) ppm = 9.11 (s.
1H), 8.52 - 8.43 (m, 2H), 7.69 - 7.58 (m, 2H),

7.58 - 7.5% (m, 2H), 7.49-7.39 (m, 1H), 7.28 -
7.15 (m, 1H), 5.81 (s, 1H), 3.84 - 3.74 (m, 4H),
3.49 - 3.42 (m, 4H), 3.35 (s, 3H), 2.59 (s, 3H).

' 354

(3,5-Dimethyl-
pyrazin-2-yl}-[4-
fluoro-3-(7-
morpholin-4-yl-
quinazolin-4-y)-
phenylimethanol

PCT/EP2014/001236

1H NMR (500 MHz, DMSO-d6) ppm = 9.09 (s,
1H), 8.30 (s, 1H), 7.60 - 7.50 (m, 4H), 7.41 - 7.33
(m, 1H), 7.23-7.17 (m, 1H), 6.20 (d, J=5.4, 1H),
6.04 (d, J=:5 2, 1H), 3.81-3.76 (m, 4H), 3.47 -
3.42 (m, 4H), 2.50 (s, 3H), 2.43 (s, 3H).

355

[2,4-Diflucro-5-(7-
maorpholin -4-yl-
quinazalin-4-y)-
phenyl}-(3,5-
dimethyl-pyrazin-2-
ylymethanol

MS: 464.3 (M+H?)

TH NMR (500 MHz, DMSO-d6) ppm = 9.12 (s,
1H), 8.26 (s, 1H), 7.89 (t, J=8.2, 1H), 7.61 (dd,
J=8.4,3.2 1H), 7.56 (dd, J=9.4, 2.5, 1H), 7.39 (t,
J=10.1, 1H), 7.21(d, J=2.4, 1H), 6.28 (d, J=6.0,
1H), 6.23 (d, J=6.0, 1H), 3.82 - 3.75 (m, 4H), 3.49
-3.41(m, 4H), 2.62 (s, 3H), 2.43 (s, 3H).
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[4-Flucro-3-{7-
morpholin -4-yl-
quinazolin-4-yl)- A A D
phenyllpyrrelof1,2-a]-
pyrazin-1-ylmethanol

356

1H NMR (5C0 MHz, DMSO-d6) ppm = 9.10 (s,
1H), 8.20 (cd, J=4.8, 1.0, 1H), 7.79-7.72 (m, 3H),
7.63-7.45 (m, 3H), 7.40-7.34 (m, 1H), 7.20 {d,

MS: 456.2 (M+H?*) J=2.1, 1H;, 7.02 (dt, J=4.1, 1.2, 1H), 6.87 (dd,
J=4.1,2.5, 1H), 6.33 (d, J=4.9, 1H), 6.06 (d,
J=4.8, 1H), 3.82-3.76 (m, 4H), 3.48-3.42 (m,
4H).
[2-Fluoro-3-{7-
morpholin -4-yl-
quinazolin-4-yt)-
phenyl]-(6-methoxy- B B A

\)N pyridazin-3-yl)-
- methanol
O
1H NMR (5C0 MHz, DMSO-d6) ppm = 9.08 (s,
1H), 8.00 (dd, J=7.1, 2.3, 1H), 7.89(d, J=9.4, 1H),
. 7.80-7.7% (m, 2H), 7.55 (dd, J=9.5, 2.8, 1H),

MS: 448.2 (M+H*) 7.38 (dd, \=10.0, 8.4, 1H), 7.27 - 7.18 (m, 2H),
6.57 (d, J=:4.8, 1H), 6.24 (d, J=4.8, 1H), 4.01 (s,
3H), 3.85-3.71 (m, 4H), 3.51-3.40 (m, 4H).

/ \ OH F
T
K/N [2,4-Difluoro-5-(7-
F morpholin-4-yl-
quinazolin-4-yl)- A A C
| YT SN | phenyllpyrrolof1,2-a]-
) pyrazin-1-ylrnethanol
‘/\N Y
388 | ¢ \)

MS: 474.2 (M+H*)

1H NMR (300 MHz, DMSO-d6) ppm = 9.12 (s,
1H), 8.25-8.19 (m, 1H), 7.94 (1, J=8.2, 1H), 7.78
(dd, J=2.5 1.3, 1H), 7.58 (dd, J=9.3, 3.0, 1H),
7.55 (dd, v=9.4, 2.4, 1H), 7.47 - 7.39 (m, 2H),
7.22(d, J=2.3, 1H), 6.97 - 6.93 (m, 1H), 6.91 (dd,
J=4.1,2.5 1H), 6.43 (d, J=5.9, 1H), 6.30 (d,
J=5.9, 1H), 3.82-3.76 (m, 4H). 3.49 - 3.44 (m,
4H).
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OoH Cl
/ A\
N
K/l [2-Chloro-4-iluoro-5-
N £ | (7-morphcliri-4-yl-
quinazolin-4-yl)- A A D
N phenyllpyirolof1,2-a}-
) pyrazin-1-ylmethanol
‘ /
: 359 K\N N
6

MS: 490.2/492.2 (M+H*) (Cl
isotopy, rel. peak intensity
ratio [%] 100:31)

1H NMR (560 MHz, DMSO-d6) ppm = 9.12 (s,
1H), 8.20 (¢d, J=4.7, 1.0, 1H), 7.87 (d, J=7.8, 1H),
7.76 (dd, J=2.5, 1.3, 1H), 7.63 (d, J=9.5, 1H), 7.60
(dd, J=9.4 2.2, 1H), 7.55 (dd, J=9.4, 2.6, 1H),

7.40 (d, J=4 8, 1H), 7.21 (d, J=2.5, 1H), 7.00 -
5.95 (m, 1H), 6.91 (dd, J=4.1, 2.5, 1H), 6.48 (d,
J=6.2, 14}, 6.36 (d, J=8.1, 1H), 3.81-3.75 (m,
4H), 3.48 - 3.43 (m, 4H).

' 360

O.

2-{[4-Fluoro-3-(7-
morpholin-4.yl-
quinazolin-4-yi)-
phenyllhydroxy-
methyl}-3-methyl-3H-
pyrimicin-4-one

MS: 448.3 (M+H*)

TH NMR (400 MHz, DMSO-d8) ppm = 9.10 (s,
1H), 7.91 (¢, J=6.5, 1H), 7.67 - 7.60 (m, 2H), 7.60
-7.50 (m, 2H), 7.44 (t, J=9.5, 1H), 7.20 (d, J=1.7,
1H), B.72 (s, 1H), 6.38 (d, J=6.5, 1H), 6.00 (s,
1H), 3.82-3.73 (m, 4H), 3.48 (s, 3H), 3.47 -3.42
(m, 4H).

361

[2-Chlcro-5-17-
morpholin-4-yl-
quinazolin-4 -yl)- B B D
phenyl pyrrelof1,2-al-
pyrazin-1-ylrnethanol

MS: 472.2/474.2 (M+H") (Cl
isotopy, rel. peak intensity
ratio [%] 100:33)

1H NMR (500 MHz, DMSO-d6) ppm = 9.08 (s,
1H), 8.22-8.19 (m, 1H), 8.14 (d, J=2.2, 1H), 7.89
(d, J=9.4, 1H). 7.76 (dd, J=2.5, 1.3, 1H), 7.70 (dd,
J=8.2,2.2 1H), 7.61 (d, J=8.2, 1H), 7.53 (dd,
J=9.5,2.6 1H), 7.43(d, J=4.8, 1H), 7.21 (d,
J=2.6, tH};, 7.00-6.97 (m, 1H), 6.93-6.90 (m,
1H), 6.45-6.40 (m, 2H). 3.81-3.76 (m, 4H),

3.48 - 3.42 (m, 4H).
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[2-Chloro-5-7-
morpholin -4-yi-
guinazolin-4-yl)- D
phenyllpyirclo[2,1-f]-
[1,2,4}riazin-4-yl-
methanol
362
1H NMR (5C0 MHz, DMSO-d6) ppm = 9.08 (s,
1H), 8.49 (s, 1H), 8.16 (d, J=2.2, 1H), 8.12 (dd,
. N J=2.6, 1.4, 1H), 7.88 (d, J=9.4, 1H), 7.74 (dd,
.:\5”35‘;53é’z“ggfk(i“rft’;ﬁs?tﬁoi J=82.2.2 1H), 7.64 (d. J=8.2 1H) 7.54 (dd.
ratio [%'] 160'38) J=9.5,2.6. 1H), 7.23-7.19 (m, 2H), 7.06 (dd,
' J=4.6, 2.6 1H), 6.80 (d, J=5.7, 1H), 6.44 (d,
J=5.7, 1H}, 3.81-3.76 (m, 4H), 3.48-3.43 (m,
4H).
I 6-{[2-Chloro-5-(7-
! morpholin 4-yi-
guinazolin-4-yl)- B
phenylthydroxy-
methyl}-1-methyl-1H-
, pyridin-2-one (Ena 2)
363
MS: 463.2/465.1 (M+H*) (C!
isotopy, rel. peak intensity
ratio [%] 100:42); Ry
4.63min (SFC, Chiralcel see racemate
0OJ-H, CO2z/20% by vol. of
methanol, 0.5% by vol. of
diethylamine)
8~{[2-Chloro-5-(7-
morpholin 4-yl-
quinazolin-4-yl}- A
phenylihydroxy-
methyb-1-methyl-1H-
pyridin-2-one (Ena 1)
364
MS: 463.2/465.2 (M+H*) (Cl
isotopy. rel. peak intensity
ratio [%] 100:41); R:
2.74min (SFC, Chiralcel see racemate
0OJ-H, CO2/20% by vol. of
methanol, 0.5% by vol. of
diethylamine)
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6-{[2-Fiuo:o-5-(7-
morpholin-4-yl-
quinazolin-4-yi)- A
phenyilhydroxy-
365 methyl}-1-mathyl-1H-
pyridin-2-one (Ena 2)
MS: 447 2 (M+H*); Rt
7.64min (SFC, Chiralpak ,
AS-H, CO» / 25% by vol. of | S°€ racemale
methanol)
6-{[2-Fluoro-5-(7-
morpholin-4-yl-
guinazolin-4 -yl)- A
phenyllhydroxy-
266 methyl}-1-methyl-1H-
pyridin-2-une (Ena 1)
O
MS: 447 2 (M+H%); Ry
4.61min (SFC, Chiralpak !
AS-H, CO2 / 25% by vol. of | SC€ racemate
methanol) _
6-{[4-Fluoro-3-(7-
morpholin-4-yl-
F quinazolin-4-yl}-
phenyl hydroxy- A
SN methyl}-2H-
,) pyridazin-3-one
| (\N N (Ena 1)
367 o\)
MS: 434.1 (M+H*);, Ri13.79
min, (SFC, Chiralcel OJ-H,
CO2z/ 15% by vol. of
methanol, 0.5% by vol. of see enant orner
diethylamine)
Ena 2 to this compound :
Example 76
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2-{[2-Chtoro -4-fluoro-
5-(7-morpagclin-4-yl-
quinazolin-4-yl}-
phenyllhydroxy-
methyl}-3-mathyl-3H-
pyrimidin-t-one

368
P
1H NMR (500 MHz, DMSO-d6é) ppm = 9.14 (s,
1H), 7.88 (d, J=7.7. 1H), 7.83 (d, J=6.5, 1H), 7.70
MS: 482.2/484.2 (M+H") (CI (d, J=8.4, 1H), 7.63 (dd, J=9.4, 3.2, 1H), 7.57 (dd,
isotopy, rel. peak intensity J=0.5, 2.5 1H), 7.23 (4, J=2.4, 1H), 6.91 (d,
ratio [%] 100:41) J=7.0, 1H;, 6.39 (d, J=6.5, 1H), 6.15 (d, J=7.0,
1H), 3.83-3.76 (m, 4H), 3.72 (s, 3H), 3.50-3.44
(m, 4H).
[2-Chloro-5-(7-
morpholin-4-yl-
quinazolin-4-yl)-
phenyllimidazo- C C B
[1.2-alpyrazin-8-yi-
- methanol
369
1H NMR (560 MHz, DMSO-d6) ppm = 9.11 (s,
1H), 8.57 (¢, J=4.5, 1H), 8.27 (d, J=2.2, 1H), 8.18
MS: 473.1/475.2 (M+H*) (CI | (d. J=1.1, 1H), 8.04 (d, J=9.4, 1H), 7.88 (d, J=1.1,
isotopy, rel. peak intensity TH), 7.83_(0‘, J=4.5,1H), 7.72 (dd, J=8.2, 2.3, 1H),
ratio [%] 100:25) 7.62 -7.55 (m, 2H), 7.23 (d, J=2.6, 1H), 6.87 (d.
J=5.8, 1H;, 6.50 (d, J=5.9, 1H), 3.83-3.78 (m,
4H), 3.50 - 3.45 (m, 4H).
[2-Fluoro-5-(7-
morpholin 4-yl-
quinazolin-4 -yl)-
phenyl]<(9-methyl- ¢ B A
9H-purin-&-yl)-
methanol
370

MS: 472.2 (M+H")

TH NMR (500 MHz, DMSO-d6) ppm = 9.07 (s,
1H), 8.91 (s, TH), 8.58 (s, 1H), 8.28 (dd, J=7.0,
2.3, 1H), 8.05 (d, J=0.4, 1H), 7.72 (ddd, J=8.3,
5.0, 2.4, 19), 7.58 (dd, J=9.5, 2.6, 1H), 7.30 (dd,
J=10.0, 8.5, 1H), 7.21(d, J=2.5, 1H), 6.66 (d,
J=5.5,1H), .44 (d, J=5.6, 1H), 3.85 (s, 3H), 3.82
-3.78 (m, 4H), 3.49 - 3.45 (m, 4H).

PCT/EP2014/001236
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[2-Chloro-5-{7-
morpholin -4-yl-
quinazolin-4-yl)-
phenyil-(8-methyl- c B c
9H-purin-6-yl)-
methanol
371
1H NMR (500 MHz, DMSO-d8) ppm = 9.10 (s,
1H), 8.90 (s, 1H), 8.59 (s, 1H), 8.38 (d, J=2.2,
MS: 488.2/490.2 (M+H*) (Cl | 1H), 8.12 (¢, J=9.4, 1H), 7.70 (dd, J=8.2, 2.3, 1H),
isotopy, rel. peak intensity | 7.60 (dd, J=9.5, 2.6, 1H), 7.56 (d, J=8.2, 1H), 7.23
ratio [%] 100:33) (d, J=2.6, tH), 6.71 (d, J=5.4, 1H), 6.53 (d, J=5.4,
1H), 3.86 (s, 3H), 3.82-3.77 (m, 4H), 3.48-3.45
(m, 4H).
[2-Fluoro-5-(7-
morpholin-4-yl-
quinazolin-4-yl)-
phenyijimidazo- C B A
{1,2-a]pyrazin-8-yl-
methanol
. 372
B 1H NMR (300 MHz, DMSO0-d6) ppm = 9.08 (s,
1H), 858 (0, J=4.5, 1H), 8.24 - 8.168 (m, 2H), 8.00
(d, J=9.4, 1), 7.91-7.83 (m, 2H), 7.74 (ddd,
MS: 457.2 (M+H*) J=8.1, 5.0, 2.4, 1H), 7.57 (dd, J=9.5, 2.6, 1H),
7.33 (dd, 4=10.0, 8.5, 1H), 7.22(d, J=2.5, 1H),
6.80 (d, J=5.8, 1H), 6.38 (d, J=6.0, 1H). 3.86 -
3.75 (m, 4H}, 3.52 - 3.43 (m, 4H).
[2-Fluoro-5-(7-
morpholin-4-yl-
quinazolin-4-yl)-
phenyl[1.2,4]- B B B
triazolo[4,3-alpyridin-
373 5-ylmethanol
1H NMR (300 MHz, DMSO-d6) ppm = 9.36 - 9.30
(m, 1H), ©.07 (s, 1H), 8.03 (dd, J=7.2, 2.3, 1H),
: " 7.86-7.76 (m, 3H), 7.52-7.38 (m, 3H), 7.21(d
MS: 457.2 ' ’
(M) J=2.6, TH), 5.91 (d, J=5.6, 1H), 6.87 - 6.80 (m.
TH), 6.53(d, J=5.6, 1H), 3.83-3.74 (m, 4H), 3.48
- 3.40 (m, 4H).
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374

L

[2-Fluoro-5-{7-
morpholin 4.yi-
quinazolin-4-yl)-
phenylifuro[3,2-d}-
pyrimidin-4-yi-
methanol

MS: 458.2 (M+H?*)

1H NMR (500 MHz, DMSO-d6) ppm = 9.08 (s,
1H), 9.02 (s, 1H), 8.59 (d, J=2.2, 1H), 8.20 (dd,
J=7.0,2.3 1H), 7.92 (d, J=9.4, 1H), 7.77 (ddd,
J=8.4,5.0 2.4, 1H), 7.57 (dd, J=9.5, 2.6, 1H),
7.37 (dd, J=10.0, 8.5, 1H), 7.27 (d, J=2.3, 1H),
7.22(d, J=2 5, 1H), 6.73 (d, J=5.2, 1H), 6.48 (d,
J=5.1, 1H), 3.82-3.76 (m, 4H), 3.49 - 3.44 (m,

4H).

376

6-{[4-Fluoro-3-(7-
morpholin 4-yl-
quinazolin-4-yl)-
phenyllhydroxy-
methyl-1-mathyl-1H-
pyridin-2-one (Ena 2)

MS: 447.3 (M+H*); Rt
4.15min (SFC, Chiralcel
OJ-H, CO2/20% by vol. of
methanol, 0.5% by vol. of
diethylamine)

see racemate

. 376

6-{[4-Fiuoro-3-(7-
morpholin-4-yl-
quinazolin-4-yl)-
phenylhydroxy-
methyt-1-methyl-1H-
pyridin-2-one (Ena 1)

MS: 447.3 (M+H*); R
3.23min (SFC, Chiralcel
0OJ-H, CQz/20% by vol, of
methanol, 0.5% by vol. of
diethylamine)

see racemate
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2-[2-Chiloro-5+(7-
morpholin-4.yl-
quinazolin-4-yl)- B
phenyl]-2-i5-methyl-
pyrimidin-4-yl)-
acetamide (Ena 2)
377
MS: 475.1/477.1 (M+H") (Cl
isotopy, rel. peak intensity
ratio [%] 100:34); Ry
6.14min (SFC, Chiralpak | See racen.ate
AD-H, CO2/40% by vol. of
methanol, 0.5% by vol. of
diethylamine) _
2-[2-Chlora-5-(7-
morpholin -4-yi-
quinazolin-4 -yi)- A
phenyl]-2-.5-methyl-
pyrimidin--{-vi)-
acetamide (izna 1)
378
MS: 475.1/477.1 (Mi+H*) (Cl
isotopy, rel. peak intensity
ratio [%] 100:34); Rt
3.81min (SFC, Chiralpak see racemate
AD-H, COz/40% by vol. of
methanol, 0.5% by vol. of
die’thylamine)
Q [2 4-Difluoro-5-(7-
,N morpholin-4-yl-
quinazolin-4-yl)- A
phenyl}-{1 2,4]-
A N triazolc[4, 3-alpyridin-
3-ylmethanol
379
TH NMR (500 MHz, DMSO-d8) ppm = 9.14 (s,
1H), 8.63 (dt, J=7.1, 1.2, 1H), 8.02 (t, J=8.1, 1H),
781 {dt, J=€.3, 1.1, 1H) 7.64 (dd, J=9.4, 3.3, 1H),
MS: 475.2 (M+H*) 7.60 - 7.50 (m, 2H). 7.44 (ddd, J=9.3, 6.6, 1.1,
1H), 7.23(d, J=2.5, 1H), 7.086 (id, J=6.8, 1.0, 1H),
6.87 (d, J=6.0, 1H), 6.69 (d, J=6.0, 1H), 3.82 -
3.77 (m, 44), 3.49 - 3.45 (m, 4H).
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¥
B8-{[2,4-Dif'uoro-5-(7-
morpholin-4-yl-
quinazolin-4-yl)- A
phenyllhydroxy-
methyl}-1-mathyl-1H-
- 380 pyridin-2-one {(Ena 2)
MS; 465.2 (M+H*); Rt
10.95min (SFC, Chiralpak
AD-H, CO2/20% by vol. of | see racemale
methanol, 0.5% by vol. of
diethylamine)
| OH F
6-{[2,4-Difiuoro-5-(7-
morpholin-4-yi-
quinazolin-4-yl)- A
phenylhydroxy-
methyl}-1-mathyl-1H-
381 . MN » pyridin-2-one (Ena 1)
o
MS: 465.2 (M+H*), Rt
7.49min (SFC, Chiralpak
AD-H, CO2/20% by vol. of | see racemate
methanaol, 0.5% by vol. of
diethylamine)
6-{[2-Chloro-4-fluoro-
5-(7-morphiolin-4-yl-
quinazolin-4-yl)- B
phenyllhydroxy-
methyl}-1-mathyl-1H-
pyridin-2-one (Ena 2)
1 382
MS: 481.1/483.1 (M+H*) (CI
isotopy, rel. peak intensity
ratio [%] 100:35); Rt
4.55min {SFC, Chiralpak see racemale
AD-H, CO2/ 40% by vol. of
methanol, 0.5% by vol. of
diethylamine) _
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6-{[2-Chlo:o-4-fluoro-
5-(7-morpclin-4-yl-
quinazolin-4-yl)- A
phenyllhydroxy-
methyl}-1-methyl-1H-
: pyridin-2-une (Ena 1)
383
» MS: 481.1/483.1 (M+H*) (Cl
isotopy, rel. peak intensity
ratio [%] 100:35); Rt
2.24min (SFC, Chiralpak see racerm.ate
! AD-H, CO2 / 40% by vol. of
methanol, 0.5% by vol. of
; diethylamine)
|
l (R)-{2,4-D:fluoro-5-
; {7-morpholin-4-yl-
i quinazolin-4-yl)- A
i phenyll-(7-methyl-
2 7H-purin-6-yl)-
. 384 methanol {Ena 2)
MS: 490.2 (M+H"); Ri
5.77min (SFC, Chiralpak
AD-H, CO2/40% by vol. of | see racemate
methanol, 0.5% by vol. of
diethylamine)
[2-Chloro-5-(7-
moerpholin -4-yl-
quinazolin-4-yl)-
phenyl}-(1 -methyl- A
1H-pyrazolof3,4-d}-
pyrimidin-4-yl}-
185 methanol
TH NMR (500 MHz, DMSQO-d6) ppm = 9.05 (s,
1H), 8.92 (s, 1H), 8.44 (s, 1H), 7.95(d, J=2.2,
MS: 488.2/490.2 (M+H*) (CI 1H), 7.80 (d, J=9.4, 1H), 7.72(dd, J=8.2, 2.2, 1H),
i ratio [%) 100:31) (d, J=2.5, 1H), 8.80 (d, J=4.9, 1H), 6.49 (d, J=4.9,
1H), 4.05 (s, 3H), 3.82-3.76 (m, 4H), 3.47 - 3.41
(m, 4H).
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f2,4-Diflucro-5-(7-
morpholin -4-yi-
quinazolin-4-yl)-

phenyll-(7 -methyl- B © A
7H-purin-6-y1)-
386 methanol Ena 1)
MS: 490.2 (M+H*); Ry
3.50min (SFC, Chiralpak
AD-H, CO2/ 40% by vol. of | See racemate
methanol, 0.5% by vol. of
diethylamine)
Hrﬁ/\
N [2,4-Diflucro-5-(7-
| morpholin -4-yl-
N~ quinazolin-4-yf)-
phenyi]-{5.6,7,8- C B B
tetrahydropyrido-
[3,4-d}pyrim-din-4-yl)-
287 (\N methanol
o
1H NMR (500 MHz, DMSO-d8) ppm = 9.11 (s,
1H), 8.83 (s, 1H), 7.87 (t, J=8.2, 1H), 7.60 (dd,
J=9.4, 3.0 1H), 7.56 (dd, J=9.4, 2.5, 1H), 7.42 (t,
MS: 491.2 (M+H+) J=10.1: 1”), 7.21 (d, J:2.4, 1H), 6.33 (d, J:6.3,
1H), 6.16 (¢, J=6.3, 1H), 3.86 (s, 2H), 3.82-3.75
(m, 4H), 3.49 - 3.42 (m, 4H), 3.09-2.94 (m, 2H),
2.94 - 2.72 (m, 2H).
Hlil OH
{4-Fluoro-3-(7-
| o morpholin-4-yl-
NN ¢ | quinazolin-4:yl)-
phenyl~(5 6,78~ C B C
XN tetrahydropyrido-
) [3.4-d}pyrimidin-4-yl)-
| 388 ‘/\N N/ methanol
; s \)

MS: 473.2 (M+H*)

TH NMR (500 MHz, DMSO-d8) ppm = 9.09 (s,
1H), 8.88 (s, tH), 7.64 - 7.56 (m, 2H), 7.55 - 7.50
(m, 2H), 7.38 (dd, J=10 5, 8.1, 1H), 7.23-7.18
(m, TH), €.20 (d, J=5.8, 1H), 5.96 (d, J=5.8, 1H),
3.83 (s, 2H), 3.81-3.72 (m, 4H), 3.49 - 3.39 (m,
4H), 3.05 - 2.84 (m, 2H), 2.77 - 2.72 (m. 2H).

PCT/EP2014/001236




WO 2014/183850 -179 - PCT/EP2014/001236
[2-Chloro-5-.7-
marpholin 4-yl-
j quinazolin-4-yi)- C
' phenyl]-(5-fluoro-
pyrimidin-4-yi)-
methanol (Ena 2)
389
MS: 452.1/454.1 (M+H*) (Cl
isotopy. rel. peak intensity
ratio [%] 100:34); Rt
3.98min (SFC, Chiralpak see raceniale
AD-H, CO2/ 40% by vol. of
2-propanol, 0.5% by vol. of
diethylamine)
F OH Cl
[2-Chloro-5-(7-
morpholin-4-yl-
quinazolin-4 -yl)- B
phenyl]-(5 -fluoro-
| = \)N pyrimicin-1-yl)-
. methanol ‘Ena 1)
390 (\T ZNN
O
MS: 452.1/454.1 (M+H*) (Cl
isotopy, rel. peak intensity
ratio [%] 100:34); R
2.20min (SFC, Chiralpak see racenale
AD-H, CO2/ 40% by vol. of
2-propanol, 0.5% by vol. of
diethylamine)
[2-Fluoro-5-{7-
morpholin-4-yl-
quinazolin-4-yl)-
phenyl-(1-methyl- B
1H-pyrazoloi3,4-d}-
pyrimicin-4-yl)-
391 methanol
1H NMR (5C0 MHz, DMSO-d8) ppm = 9.05 (s,
1H), 8.90 (s, 1H), 8.49 (s, 1H), 7.93 (dd, J=6.9,
2.3, 1H), 7.81 (d, J=9.4, 1H), 7.74 (ddd, J=8.4,
MS: 472.2 (M+H*) 4.9,2.3,14), 7.52(dd, J=8.5, 2.6, 1H), 7.40 (dd,
J=8.9, 8.5, 1H), 7.19(d, J=2.6, 1H), 6.88 (s, 1H),
6.37 (s, 1Hi), 4.05 (s, 3H), 3.81-3.75(m, 4H),
3.51 -3.4%2 (m, 4H).
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I
| OH
!
N [2-Flucro-3-(7-
N 2N morphalin 4-yl-
~ guinazolin-4-yl)- B B B
phenyl}-(5-methyl-
SN pyrimidin-4-y1)-
/) methanol
392 I/\N N
o

MS: 432.2 (M+H?)

TH NMR (500 MHz, DMSO-d8) ppm = 9.08 (s,
1H), 8.98 (s, 1H), 8.84 (s, 1H), 8.07 (dd, J=7.1,
2.3, 1H), 7.93 (d, J=9.4, 1H), 7.74 (ddd, J=8.3,
5.0, 2.3, 1H). 7.57 (dd, J=9.5, 2.6, 1H). 7.35 (dd,
J=10.1, 8.4, 1H), 7.21 (d, J=2.6, 1H), 6.38 (d,
J=6.0, 1H), 6.25 (d, J=6.0, 1H), 3.82-3.76 (m,
4H), 3.51 - 3.43 (m, 4H), 2.41 (s, 3H).

[2-Flucro-3+(7-

morpholin-4-yi-
quinazolin-4-yl)-
phenyl}-(3-methyl- B c B
pyrazin-2-yl)-
: methanol
: 393
TH NMR (5C0 MHz, DMSO-d8) ppm = 9.08 (s,
1H), 8.45 (d, J=2.5, 1H), 8.41 (d, J=2.5, 1H}, 8.09
(dd, J=7.1, 2.3, 1H), 7.94 (d, J=9.4, 1H), 7.74
MS: 432.2 (M+H") (ddd, J=7.9, 5.0, 2.3, 1H), 7.56 (dd, J=9.5, 2.6,
1H), 7.33{dd, J=10.1, 8.4, 1H), 7.21(d, J=2.5,
1H), 6.35 (d, J=5.8, 1H), 6.32 (d, J=5.9, 1H), 3.83
-3.76 (m, 4H), 3.45 (t, J=4.9, 4H), 2.68 (s, 3H).
{2-Fluoro-5-(7-
morpholin 4-yi-
quinazolin-4 -yh)-
phenyl-(3-methoxy- B B b
pyrazir-2-yi)-
| methano!
394
1H NMR (300 MHz, DMSO-d8) ppm = 9.68 (s,
1H), 819 (d, J=2.7, 1H), 8.17 (¢, J=2.7, 1H), 8.07
(dd, J=7.1 2.3, 1H), 7.93 (d, J=9.4, 1H), 7.73
‘ " (ddd, J=8.3, 5.0, 2.4, 1H). 7.57 (dd, J=9.5, 2.6,
: MS: 448.2 (M+H) 1H), 7.33 (dd, J=10.1, 8.4, 1H), 7.22 (d, J=2.5,
1H), 6.35 (d, J=6.0, 1H), 6.21 (d, J=6.0, 1H), 3.98
’ (s, 3H). 382-3.76 (m, 4H), 3.46 (dd, J=5.9, 3.9,
i 4H).
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[2-Chloro-4-fuoro-5-
(7-morohc lir -4-yl-
quinazolin-4 -yl)- B
phenyljimidazo-
{1.2-alpyrazin-8-yl-
methanol {Ena 2)
385
MS: 491.2/493.2 (M+H*) (Cl
isatopy, rel. peak intensity
ratio [%)] 100:37); Rt
14.57min (SFC, Chiralpak see racemale
AD-H, CO2z/ 40% by vol. of
methanol, 0.5% by vol. of
diethylamine)
/ N (l')H Cl
(8)-{2-Chlaro-4-
fluoro-5-(7-
morpholin-4-yl-
quinazolin-4-yi)- A
phenylimidazo-
[1,2-alpyrazin-8-yi-
396 methanol {Ena 1)
MS: 491.2/483.1 (M+H*) (Cl
isotopy, rel. peak intensity
ratio [%] 100:35); Ri
4.27min (SFC, Chiralpak see racematie
AD-H, COz/ 40% by vol. of
methanol, 0.5% by vol. of
diethylamine)
N OH ClI
3
N [2-Chicro-4-fluoro-5-
\/N (7-morpholin-4-yl-
F | quinazolin-4-y})- A
phenyllimidazo-
[1.2-alpyrazin-8-yi-
methanol
397 (\N N
o)
1H NMR (5C0 MHz, DMSO-d6) ppm = 9.13 (s,
1H), 8.55 (¢, J=4.5, 1H), 8.17 (d, J=1.1, 1H), 8.06
MS: 491 2/493.1 (M*’H"') (Cl (d, J=7.8_. '”"]), 7.85 (d, J=1.1, 1H) 7.80 (d, J=4.5;
Esotopy3 rel. peak Entensity 1H) 7.67 (Qd, J=9.4, 31x 1H) 7.61 (d, J=9.5, 1H),
ratio [%] 100:35) 7.57 (dd, #=95, 2.6, 1H), 7.22 (d, J=2.5, 1H), 6.81
(d, J=5.3, 1H), 6.52 (d, J=6.1, 1H), 3.81-3.77 (m,
4H), 3.49 - 3.45 (m, 4H).
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1-Ethyl-6-.[4-flucro-
3-(7-morpaolin-4-yl-
quinazalin-4-yl)-

phenyllhydroxy- B B A
methyl}-1H-pyridin-2-
one
398
1H NMR (5C0 MHz, DMSO-d6) ppm = 9.10 (s,
1H), 7.63-7.56 (m, 2H), 7.54 (dd, J=9.4, 2.5, 1H),
7.52-743 (m, 2H), 7.41 (dd, J=9.1, 6.9, 1H).
i MS: 461.2 (M+H") 7.20 (d, J==2.4, 1H), 6.58 (d, J=5.0, 1H), 6.35 (dd,
J=8.1, 1.4 1H), 6.31 (dd, J=7.0, 1.4, 1H), 5.91 (d,
J=5.0, 1H3;, 4.05-3.88 (m, 2H), 3.81-3.74 (m,
4H), 3.48-3.39 (m, 4H), 0.95 (1, J=6.9, 3H).
[4~Fluoro-3-(7-
morpholin-4-yi-
quinazolin-4-yl)-
phenyl]-{1,2,4}- A B A
triazolo[4, 3-a]pyridin-
3-yimethanol
399
1H NMR (5C0 MHz, DMSO-d6) ppm = 9.10 (s,
; 1H), 851-83.38 (m, 1H), 7.83-7.74 (m, 1H),
{ 7.74 -7.84 (m, 2H), 7.55 (dd, J=9.4, 3.0, 1H),
' MS: 457.2 (M+H?*) 7.51 (dd, v=9.4, 2.4, 1H), 7.48 -7.42 (m, 1H),
7.42 -7.35 (m, 1H), 7.20 (d, J=2.3, 1H), 7.04 -
6.94 (m, 1H), 6.83 (d, J=5.2, 1H), 6.52 (d, J=4.8,
1H), 3.88-3.72 (m, 4H), 3.49-3.37 (m. 4H).
6-{[2-Chloro-5-(7~
morpholin-4-yl-
quinazolin-4-yl}-
phenylihydroxy- A A B
methyh-1-mathyl-1H-
pyridin-2-one
400

MS: 463.1/465.1 (M+H?*) (CI
isotopy, rel. peak intensity
ratio [%] 100:37)

1H NMR (500 MHz, BMSO-d8) ppm = 2.08 (s,
1H), 7.90 (¢, J=2.1, 1H), 7.84 (d, J=9.4, 1H), 7.7¢
(dd, J=8.2 2.2, 1H), 7.72 (d, J=8.2, 1H), 7.51 (dd,
J=9.5, 2.6, 1H), 7.33 (dd, J=9.1, 7.0, 1H), 7.21 (d,
J=2.5,1H;, 5.60(d, J=6.2, 1H), 6.38 (dd, J=9.1,
1.3, 1H), 5.10(d, J=6.1, 1H), 5.88 (dd, J=7.0, 1.4,
1H), 3.84 -3.74 (m, 4H), 3.56 (s, 3H), 3.48-3.40
(m, 4H1.
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6-{[2-Fluoro- 5-(7-
morpholin 4-yl-
quinazolin-4-yl)-
phenyllhydroxy-
methyl}-1-methyl-1H-
pyridin-2-cone

MS: 447.2 (M+H*)

1H NMR (500 MHz, DMSO-d6) ppm = 9.06 (s,
1H), 7.85-7.75 (m, 3H), 7.51 (dd, J=9.5, 2.6, 1H),
7.46 (dd, (=10.1, 8.4, 1H), 7.38 (dd, J=9.1, 7.0,
1H), 7.20 (¢, J=2.5, 1H), 6.59 (d, J=5.9, 1H), 6.38
(dd, J=8.1, 1.1, 1H), 6.21-6.15 (m, 1H), 6.14 (d,
J=5.8, 1H;, 3.81-3.74 (m, 4H), 3.46 (s, 3H), 3.45
- 3.41 (m, 4H).

| 402

[2-Chloro-4-flucro-5-
(7-morohclin-4-yl-
guinazofin-4-yi)-
phenyl-(1-methyl- B B B
1H-pyrazclol3,4-d}-
pyrimicin-4-vi)-
methanol

MS: 506.2/508.1 (M+H*) (Cl
isotopy, rel. peak intensity
ratio [%] 100:38)

1H NMR (5060 MHz, DMSO-d6) ppm = 9.08 (s,
1H), 8.90 (s, 1H), 8.44 (s, 1H), 7.81 (d, J=7.6,
1H), 7.69 (0, J=9.5, 1H), 7.56 - 7.48 (m, 2H), 7.22
-7.16 (m, 1H), 8.92 (d, J=5.0, 1H), 6.43 (d, J=5.0,
1H), 4.04 (s, 3H), 3.81-3.74 (m. 4H), 3.48-3.40
{m, 4H).

403

[2,4-Diflucro-5-(7-
morpholin-4-yl-
quinazolin-4 -yl)-
phenyil-(1-mrethyl- B B B
1H-pyrazclol3,4-d}-
pyrimicin-4-yi}-
methanol

MS: 490.2 (M+H*)

1H NMR (500 MHz, DMSO-d6) ppm = 9.07 (s,
1H), 8.89 (s, TH), 8.49 (s, 1H). 7.78 (t. J=8.0,
1H), 7.56-7.50 (m, 2H), 7.47 (t J=10.0, 1H),
7.18 (s, 1H), 6.88 (s, 1H), 6.32 (s, 1H), 4.04 (s,
3H), 3.81-3.74 (m, 4H)., 3.48 - 3.40 (m, 4H).
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[4-Fluoro-3-(7-
morpholin-4-yi-
quinazolin-4-yl)-
phenyl]-(1-methyl- B A A
1H-pyrazclof3,4-d}-
pyrimidin-4-vl)-
methanol

1H NMR (500 MHz, DMSO-66) ppm = 9.09 (s,
1H), 8.91 (s, 1H), 8.53 (s, 1H), 7.79-7.72 (m,
2H), 7.54 - 7.44 (m, 2H), 7.38 (dd, J=9.8, 8.4, 1H),
7.19 (d, J=2 1, 1H), 6.79 (d, J=4.0, 1H), 6.10 (d,
J=3.3, 1H:, 4.03 (s, 3H), 3.80 - 3.75 (m, 4H), 3.46
- 3.41 (m, 4H).

| 405

[2-Fluoro-3~(7-
morpholin-4-yl-
quinazolin-4-yi)-
phenylthieno[3,2-d}-
pyrimidin-4-yi-
methanol

MS: 4742 (M+H*)

1H NMR (500 MHz, DMSO-d6) ppm = 9.07 (s,
1H), 9.04 (s, 1H), 8.49 (d, J=5.5, 1H), 7.91 (dd,
J=6.9,2.3 1H), 7.80 (d, J=9.4, 1H), 7.79-7.74
(m, 1H), 7.83(d, J=5.5, 1H), 7.49 (dd, J=9.5. 2.6.
1H), 7.43 (dd, J=9.9, 8.5, 1H), 7.21-7.15 (m, 2H),
6.38 (d, J=2.1, 1H), 3.83-3.76 (m, 4H), 3.47 -
3.42 (m, 4H),

406

S

o}

[2-Fluoro-5-(7-
morpholin-4-yi-
quinazolin-4 -yl)-
phenyllthieno[2,3-d}-
pyrimicin--yi-
methanot

MS: 474.1 (M+H?)

1H NMR (500 MHz, DMSO-d6) ppm = 9.06 (s,
1H), 9.03 (s, 1H), 8.48 (d, J=5.6, 1H), 7.90 (dd,
J=6.9,2.3 1H), 7.79(d, J=9.4, 1H), 7.78 -7.73
(m, 1H), 7.62 (d, J=5.6, 1H), 7.48 (dd, J=9.5, 2.6,
1H), 7.41 (dd, J=9.9, 8.5, 1H), 7.18 (d, J=2.6, 1H),
7.16 (d, J=4.7, 1H), 6.36 (d, J=4.5, 1H), 3.82 -
3.74 (m, 44), 3.48 - 3.40 (m, 4H).

PCT/EP2014/001236
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2-[2-Chloro-5-(7-
morpholin-4-yl-
quinazolin-4-yt)-
phenyl]-2-:5-methyl-
pyrimidin--yl)-

' 409

| 407 acetamide
1H NMR (4C0 MHz, DMSO-d6) ppm = 8.06 (s.
) . . 1H), 8.95 (s, 1H), 8.64-8.60(m, 1H), 7.89 (d,
M 475'21477-2;((.“";“ ) (C1) J=9's, 1H;, 7.86-7.79 (m, 1K), 7.76 - 767 (m,
ISOLopy, T€l. PEAKIMENSIYY | 311y 7.54 (¢d, J=9.4, 2.6, 1H), 7.42 - 7.34 (m, 1H),
ratio [%] 100:36) 7.20 (d, J=2.5, 1H), 5.67 (s, 1H), 3.84 - 3.74 (m
4H), 3.50 - 3.42 (m, 4H), 2.31 (s, 3H).
[2-Chioro-5-7-
morpholin-4-yi-
quinazolin-4-yl)- c
phenyl]-(5-methoxy-
pyrimidin-<-yl)-
methanol [Ena 2)
408
MS: 464.2/466.2 (M+H") (CI
isotopy, rel. peak intensity
ratio [%] 100:36); Ry
5.41min (SFC, Chiralpak see racemate
AD-H, CO2 / 40% by vol. of
2-propanol, 0.5% by vol. of
diethylamine)
[2-Chloro-5-(7-
marpholin-4-yl-
quinazolin-4-yl}- A
phenyii~(5 -methoxy-
pyrimidin-4-yl)-
methanol :Ena 1)

MS: 464.1/466.1 (M+H") (Cl
isotopy, rel. peak intensity
ratio [%] 100:35); R¢
3.05min (SFC, Chiralpak
AD-H, COz/ 40% by vol. of
2-propanol, 0.5% by vol. of
diethylamine)

see racemate
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P
[2-Chloro-3-.7-
morpholin 4-yl-
quinazolin-4-yi)- D
phenyl]-(3-methoxy-
pyrazin-2-yl}-
methanol {Ena 2)
410
MS: 464.2/466.2 (M+H*) (Cl
isotopy, rel. peak intensity
ratio [%] 100:35); Rt
5.47min (SFC, Chiralpak see racemaie
AD-H, CO2/ 40% by vol. of
2-propanol, 0.5% by vol. of
diethylamine)
S0 oW
Nl Xy . I ~ (S)-[2-Chloro-5-(7-
morpholin-4-yl-
I\¢N = quinazolin-4-yl)- c
phenyl}-(3-methoxy-
| XN pyrazin-2-yl}-
PN > /) methanol (Ena 7)
411 [ N N
o)
MS: 464.1/466.1 (M+H*) (Cl
isotopy, rel. peak intensity
ratio [%] 100:35); Rs
2.84min (SFC, Chiralpak see raceniate
AD-H, COz/ 40% by vol. of
2-propanol, 0.5% by vol. of
diethylamineg)
F OoH Cl
{2-Chloro-3-(7-
morpholin-4-yl-
quinazolin-4-yl)- B
pheny! -(5-fluoro-
pyrimidin-4-vl}-
methanol
412
1H NMR (5C0 MHz, DMSO-d6) ppm = 9.10 (s,
1H), 9.03 (4, J=2.9. 1H), 8.93(d. J=2.1, 1H), 8.24
MS: 452.1/454.1 (M+H*) (CI | {d, J=2.2, 1H), 7.96 (d, J=9.4, 1H), 7.74 (dd,
jsotopy, rel. peak jntensity J:B.Q, 2.3 'TH), 7.62 (d, J=8.2, 1H), 7.59 (dd.
ratio [%] 100:35) J=9.5, 2.6 1H), 7.23 (d, J=2.5, 1H), 6.77 (d,
J=5.5, TH, 6.38 {d, J=5.5. 1H), 3.82-3.78 (m,
4H), 3.49-3.44 (m, 4H).
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j2-Chloro-5-7-
morpholin -4-yl-
quinazolin-4-yl)-
phenyl]-(§-methoxy- B B B
pyrimidin-4-yl)-
413 methanol
1H NMR (500 MHz, DMSO-d6) ppm = 9.09 (s,
, 1H), 8.74 (s, 1H), 8.64 (s, 1H). 8.15(d, J=2.2,
MS: 464.2/466.2 (M+H") (Cl | 14) 7.95 (g, J=9.4, 1H), 7.69 (dd. J=8.2, 2.3, 1H),
isotopy, rel. peak intensity | 7 57 (dd, J=3.9, 2.8, 2H), 7.22 (d, J=2.5, 1H), 6.43
ratio {%] 100:36) (d, J=6.0, 1H), 6.31 (d, J=6.0, TH), 4.01 (s, 3H),
3.83-3.74 (m, 4H), 3.50 - 3.41 (m, 4H).
[2-Chloro-5-{7-
morpholin-4.yi-
quinazolin-4-yl)-
phenylifuraf3,2-d}- C A C
pyrimicin-4-yi-
: methano! {Ena 2)
1414
MS: 474.1/476.1 (M+H") (C!
isotopy, rel. peak intensity
ratio {%] 100:34); Rt
6.16min (SFC, Chiralpak see racemale
AD-H, COz/ 40% by val. of
i 2-propanol, 0.5% by vol. of
diethylamine)
[2-Chloro-5-(7-
morpholin-4-yl-
guinazolin-4-yl)-
phenylfurs[3.2-d- | ° A c
pyrimidin--yl-
methanol {Ena 1)
| 415
MS: 474.1/476.1 (M+H*) (Cl
isotopy, rel. peak intensity
ratio [%] 100:35); Rt
i 3.19min (SFC, Chiralpak see racem.ale
AD-H, CO2/ 40% by vol. of
2-propanal, 0.5% by val. of
diethylamine)
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[2-Chloro-5-'7-
morpholin-4.yl-
quinazolin-4-yl)-
phenylifuraf?,3-d}-

pyrimidin-+4-yl-
methanol
416
1H NMR (500 MHz, DMSO-d8) ppm = 9.07 (s,
1H), 8.88 (s, 1H), 8.20 (d, J=2.5, 1H), 8.03 (d.
MS: 474.1/476.1 (M+HY) (Cl | J=2.2, 1H;, 7.84 (d, J=9.4, 1H), 7.72 (dd, J=8.2,
isotopy, rel. peak intensity 2.2, 1H), 7.685(d, J=8.3, 1H), 7.52 (dd, J=9.4, 2.6,
ratio [%] 100:34) 1H), 7.26 (¢, J=2.5, 1H), 7.20(d, J=2.5, 1H), 6.88
-6.72 (m, 1H), 6.46 (s, 1H), 3.82 - 3.76 (m, 4H),
3.48 - 3.4 (m. 4H).
[2-Chloro-5-{7-
morpholin-4-yl-
quinazolin-4 -yl)- B
phenyl]-(6-methyl-
pyrimidin-4-yt)-
methanol {Ena 2)
417
MS: 448.1/450.1 (M+H™") (C!
isotopy, rel. peak intensity
ratio [%] 100:36); Rt
6.39min (SFC, Chiralpak see racemale
AD-H, CO2/ 40% by vol. of
methanol, 0.5% by vol. of
diethylamine)
OH CI
o [2-Chloro-3-(7-
N =N morpholin-4-yl-
T quinazolin-4-yl)- A
phenyl’~(5-methyl-
I ~ \/T pyrimicin-d-yl)- y
methanol {Ena
Mg | W NN

MS: 448.1/450.1 (M+H*) (CI
isotopy, rel. peak intensity
ratio [%)] 100:36); R«
4.95min (SFC, Chiralpak
AD-H, CO2/ 40% by vol. of
methanol, 0.5% by vol. of
diethylamine)

see racemate
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419

[2-Chloro-3-(7-
morpholin -4-yl-
quinazolin-4-yl)-
phenyl}-(5-methyl-
pyrimidin-1-vl)-
methanol

MS: 448.1/450.1 (M+H*) (Cl
isotopy, rel. peak intensity
ratio [%] 100:37

TH NMR (4C0 MHz, DMSO-d6) ppm = 9.10 (s,
1H), 8.94 (s, 1H), 8.67 (s, 1H), 8.16 (d, J=2.2,
1H), 7.98 (6, J=9.4, 1H), 7.72 (dd, J=8.2, 2.2, 1H),
7.64 - 7.55 (m, 2H), 7.22 (d, J=2.5, 1H), 6.47 (d,
J=6.0, 1H3, 8.25 (d, J=6.0, 1H), 3.84 - 3.73 (m,
4H), 3.51 - 3.42 (m, 4H), 2.49 (s, 3H).

| 420

FN OH

[4-Fluoro-3~(7-
morpholin -4-yl-
quinazolin-4-yl)-
phenyl]-(9-methyl-
9H-purin-6-yl)-
methanol

MS: 472.3 (M+H?)

1H NMR (5C0 MHz, DMSO-d6) ppm = 9.08 (s,
1H), 8.91 (s, 1H), 8.55 (s, 1H), 7.82 -7.73 (i,
2H), 7.56 -7.47 (m, 2H), 7.40-7.31 (m, 1H),

7.19 (d, J=1.3, 1H), 6.43 (d, J=3.0, 1H), 6.30 (d,
J=5.2, 1H), 3.83 (s, 3H), 3.81-3.75 (m, 4H), 3.47
- 3.40 (m, 4H).

421

N/:N H ll=
YL
Nag N Z e
N

AL
9

o]

[2,4-Difluoro-5-(7-
morphotin -4-yl-
quinazolin-4-yl)-
phenyl}-(9-methyl-
9H-purin-6-yl)-
methanol

MS: 490.3 (M+H?)

TH NMR (500 MHz, DMSO-d6) ppm = 9.11 (s,
1H), 8.90 (s, 1H), 8.56 (s, 1H), 8.07 (t, J=8.2,
1H), 7.66 (dd, J=9.4, 2.9, 1H), 7.56 (dd, J=9.4,
2.5, 1K), 7.38(t, J=10.1, 1H), 7.21 (d, J=2.4, 1H),
6.61(d, J=4.8, 1H), 6.48 (d, J=5.6, 1H), 3.85 (s,
3H), 382 -3.75 (m, 4H), 3.52 - 3.43 (m, 4H).
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?
[2-Chloro-5-17-
| morpholin-4-yl-
= quinazolin-4-yi)- B B c

phenyl]-(3-methoxy-

pyrazin-2-yl}-
La22 methanol
|
5 1H NNR (50 MHz, DMSO-d6) ppm = 9.09 (s,
| 1H), 8.19-3.14 (m, 2H), 8.11(d, J=2.7, 1H), 7.95
\ MS: 464.1/466.1 (M+H*) (Cl | (d, J=¢.4, 1H), 7.69 (dd, J=8.2, 2.3, tH), 7.60 -
, isotopy, rel. peak intensity | 7,53 (m, 2H), 7.22 (d, J=2.6, 1H), 6.38 (d, J=5.8,
i ratio [%] 100:37) 1H), 6.27 (d, J=5.8, 1H), 4.00 (s, 3H), 3.82-3.75
(m, 4H), 3.49 - 3.42 (m, 4H).
/
N OH Ci
R
" Z S [2-Chloro-4-fluoro-5-
!rI\J | (7-morphciir-4-yl-
N o ¢ | quinazolin-4-yl)- c c A
phenyl}-(7-methy!-
XN 7H-purin-6-yl)-
423 P methanol
(\N N
o
TH NMR (300 MHz, DMSO-d8) ppm = 9.14 (s,
, 1H), 8.83 (s, 1H), 8.69 (s, 1H), 8.01(d, J=7.8,
MS: 506.2/4508.3 (M+H*) | 1H), 7.71-7.63 (m, 2H), 7.59 (dd, J=9.4, 2.5, 1H),
(Clisotopy, rel. peak 7.22 (d, J=2 4, 1H). 6.87 (d. J=6.3, 1H), 6.66 (d,
intensity ratio [%] 100:40) | j=6.3, 1H}, 4.25 (s, 3H), 3.84-3.73 (m, 4H), 3.52
- 3.42 {m, 4H).
[
\
9
O’:(N OH 1-(3-{[4-Fl.a0r0-3-(7-
5 [ morpholin-4-yl-
r;lE = quinazolin-4-yl)-
N phenylhydroxy- D D A
~7 F methy!l;pyi azin-2-yi)-
3-methyl-
| 424 m imidazolid:n-2-one
; K\N N NF

MS: 516.4 (M+H*)

1H NMR (500 MHz, DMSO-d6) ppm = 9.0 (s,
1H), 8.50 (d, J=2.4, 1H), 8.43 (d, J=2.4, 1H), 7.69
-7.59 (m, 2H), 7.59 - 7.49 (m, 2H), 7.35 (t, J=9.2,
1H), 719(d, J=1.9, 1H), 6.23 (d, J=4.4, 1H), 5.95
(d, J=5.3, 1H), 3.85 (t, J=7.8, 2H), 3.82 - 3.73 (m,
4H), 3.52 - 3.40 (m, BH), 2.78 (s, 3H).




phenylihydroxy-
methyl}pyrazin-2-yl)-
pyrrolidin-2-one
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i
1-(3-{{4-Flucro-3-(7-
morpholin 4-yl-
quinazolin-4-yl)- A

425
1H NMR (500 MHz, DMSO-d6) ppm = 9.09 (s,
1H), 8.61(d, J=2.4, 1H), 8.52 (d, J=2.4, 1H), 7.65
-7.56 {m, 2H), 7.56 - 7.49 (m, 2H), 7.36 (t, J=9.5,
MS: 501.4 (M+H*) 1H), 7.19 (¢, 1H), 8.02 (s, 2H), 3.89-3.82 (m,
1H), 3.81-3.74 (m, 4H), 3.74 - 3.64 (m, 1H),
3.50-3.39 (m, 4H), 2.57 - 2.41 (m, 2H), 2.17 -
2.08 (m, 1H), 2.07 - 1.98 (m, 1H).
OH ClI
Nl)ﬁ/L O [2-Chloro-5-(7-
VN morpholin-4-yi-
quinazolin-4-yl}- A
phenylj-(3-methyl-
SN pyrazin-2-yl)-
/) methanol {Ena 2)
| 426 K\N N
; O\)
MS: 448.1/450.1 (M+H") (CI
isotopy, rel. peak intensity
ratio [%] 100:36); R¢
5.95min (SFC, Chiralpak see racemate
AD-H, CO2/ 40% by vol. of
methanol, 0.5% by vol. of
diethylamine)
; OH Ci
NI [2-Chlcro-3-(7-
I morpholin-4-yl-
quinazolin-4-yl)- B
phenylj~(3 -nethyi-
Ny” SN pyrazir-2-yl)-
g methanol {Ena 1)
L 427 (\N N
0
MS: 448.1/450.2 (M+H*) (C!
isotopy, rel. peak intensity
ratio [%] 100:31); Rt
3.91min (SFC, Chiralpak see racemiate
AD-H, COz/ 40% by vol. of
methanol, 0.5% by vol. of
diethylamine)
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OH Ci
NI S ' oS [2-Chloro-5-{7-
l\,ﬁN 7 morpholin 4-yl-
quinazolin-4-yl)-
phenyl-(3-methyl- | © A €
SN pyrazin-2-yl)-
i /) methanol
428 |/\N N
6

MS: 448.2/450.2 (M+H*) (Cl
isotopy, rel. peak intensity
ratio [%] 100:36)

1H NVR (500 MHz, DMSO-d6) ppm = 9.10 (s,
1H), 8.43 (¢, J=2.5, 1H), 8.36 (d, J=2.5, 1H), 8.18
(d, J=2.2, 1H), 7.97 (d, J=9.4, 1H), 7.71 (dd,
J=8.2,2.3 1H), 7.61 - 7.54 (m. 2H), 7.22 (d,
J=2.8, 1H', 6.41(d, J=5.8, 1H), 6.30 (d, J=5.8,
1H), 3.81-3.75 (m, 4H), 3.49 - 3.42 (m, 4H),

2.76 (s, 3H).

|
|
| 429
|
E

{2-Chloro-4-iluoro-5-
(7-morpholin-4-yi-
quinazalin-4-yl)-
phenyljthienoa{2,3-d}-
pyrimidin-d-yl-
methanol

N N
0.
1H NMR (5C0 MHz, DMSO-d8) ppm = 9.07 (s,
1H), 9.05 (s, 1H), 8.46 (d, J=5.6, 1H), 7.75 (d,
MS: 508.1/510.1 (M+H") (Cl | j=7.6, 1H, 7.72 (d, J=9.6, 1H), 7.61 (d, J=5.6,
isotopy, rel. peak intensity | 1H), 7.55 - 7.49 (m, 2H), 7.20 (d, J=5.0, 1H), 7.19
ratio [%] 100:40) =747 (m, 1H), 6.42 (d. J=5.1, 1H), 3.80-3.75 (m,
4H), 3.46 - 3.42 (m, 4H).
[2-Chlcro-5-{7-
morpholin-4-yl-
quinazolin-4-yl)-
phenylithieno[2,3-d}- B A A
pyrimicin--}-yl-
methanol
430
|
1H NMR (500 MHz, DMSO-d6) ppm = 9.06 (s,

1H), 9.04 (s. 1H), 8.47 (d, J=5.6. 1H), 7.89 (d,

' MS: 480.2/492.% (M+H*) (Ci | 4521, 1H;, 7.76 (d, J=9.4, 1H), 7.73 (dd, J=8.2,
isotopy, rel. peak intensity | 2-2, TH), 7.69(d, J=8.3, 1H), 7.62 (d, J=5.5, 1H),
ratio [%] 100:40) 7.47 (dd, J=9.5, 2.6, 1H), 7.20-7.16 (m, 2H),

6.47 (d, J=4.9, 1H), 3.80 - 3.75 (m, 4H), 3.46 -
3.41 (m, 4H).
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/
N OH F
N//.—
- [2,4-Diftucro-5-(7-
| morpholin -4-yl-
N - .
Ny~ F | quinazolin-4-yf)- c B A
phenyll<(7 -methyl-
XN 7H-purin-€-yl)-
431 /) methanol
(\N N
O
1H NMR (500 MHz. DMSO-d6) ppm = 98.12 (s,
1H), 8.85(s, 1H), 8.67 (s, 1H), 7.91 (t, J=8.1,
1H), 7.64 (dd, J=9.4, 3.2, 1H), 7.58 (dd, J=9.4,
MS: 490.2 (M+H") 2.5, 1H), 7.46 (t, J=10.1, 1H), 7.21 (d, J=2.5, 1H),
8.82 (d, J=6 5, 1H), 6.65 (d, J=6.5, 1H), 4.18 (s,
3H), 3.81-3.76 (m, 4H), 3.49 - 3.44 (m, 4H).
Q oH Cl
[2-Chloro-5-(7-
morpholin-4-yl-
quinazolin-4-yl)-
phenylifura(3.2-d}- | © B c
N pyrimidin-4-yl-
methanol
432 ]/\N N
b
1H NIVIR (5C0 MHz, DMSC-d6) ppm = 9.10 (s,
1H), 9.02 (s, 1H), 8.58 (d, J=2.3, 1H), 8.30(d,
MS: 474.1/476.1 (M+H*) (CI J=2.2, 1H}, 7.96 (d, J=9.4, 1H), 7.74 (dd, J=8.2,
isOtOpy| rel. peak intensity 2.3, “‘u), 7.62 (d, J=8.2, 1H), 7.59 (dd. J:9.5, 26
ratio [%] 100:34) 1H), 7.28 (g, J=2.3, 1H), 7.23 (d, J=2.8, 1H), 6.79
(d, J=5.2, 1H), 6.54 (d, J=5.2, 1H), 3.83 - 3.75 (m,
4H), 3.50 - 3.42 (m, 4H).
/
N OH
N//_
72 [4-Fluoro-3-(7-
N morpholin 4-yi-
Ny~ F | quinazolin-4-yl)- c B A
phenyl]-(7-methyl-
ASN 7H-purin-€-y1)-
433 /) methanot
N N

6

MS: 472.2 (M+H")

1H NMR (500 MHz, DMSO-d8) ppm = 9.08 (s,
1H), 8.90 (s, 1H), 8.60 (s, 1H), 7.68 - 7.60 (m,
2H), 7.56(dd, J=8.4, 2.8, 1H), 7.52 (dd, J=9.4,
2.4, 1H), 7.44 -7.38 (m, 1H), 7.18(d, J=2.3, 1H),
6.84 (d, J=5.5, 1H), 6.37 (d, J=5.4, 1H}, 4.04 (s,
3H), 3.81-3.75(m, 4H), 3.47 - 3.41 (m, 4H).

PCY/EP2014/001236
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434

[4-Flucro-3-(7-
morpholin 4-yl-
quinazolin-4-yl)- A
phenyllfurof2,3-d}-
pyrimidin-4-y!l-
methanol

TH NMR (500 MHz, DMSO-d6) ppm = 9.10 (s,
1H), 8.89 (s, 1H), 8.18(d, J=2.5, 1H), 7.77 - 7.72
(m, 2H), 7.E4-7.47 (m, 2H), 7.40 {t, J=9.5, 1H),
7.36 (d, J::2 5, 1H), 7.20 (d, J=2.2, 1H), 6.71 (d,
J=4.2, 1H}, 6.13 (d, J=4.2, 1H), 3.81-3.76 (m,
4H), 3.47 - 3.42 (m, 4H).

435

8-{[2-Chioro-4-fluoro-
5-(7-morphclin-4-yi-
quinazolin-4-yl)-
phenyllhydroxy-
methyi:-1-mathyl-1H-
pyridin-2-one

MS: 481.2/483.2 (M+H*) (Ci
isotopy, rel. peak intensity
ratio [%] 100:38)

TH NMR (360 MHz, DMSO-d6) ppm = 9.11 (s,
1K), 7.77 (¢, J=9.5, 1H), 7.74 (d, J=7.6, 1H), 7.60
(dd, J=9.4 2.3, 1H), 7.53 (dd, J=9.4, 2.5, 1H),
7.33(dd, «=9.1, 7.0, 1H), 7.21(d, J=2.5, 1H), 6.62
(d, J=6.3, 1H), 6.37 (dd. J=9.1, 1.3, 1H), 6.06 (d,
J=6.2, 1H., 5.89 - 5.85 (m, 1H), 3.81-3.75 (m,
4H), 3.55 (s, 3H), 3.49 - 3.43 (m, 4H).

! 436

| OH F
0. N

_n

NN

AL
O

6-{{2,4-Difiuoro-5-(7-
morpholin 4-yl-
quinazolin-4-yl)-
phenylhydroxy-
methyl}-1-methyl-1H-
pyridin-2-¢ne

MS: 465.3 (M+H*Y)

TH NMR (500 MHz, DMSO-d6) ppm = 9.08 (s,
1H), 7.63 (t, J=8.1, 1H), 7.59 - 7.51 (m, 3H), 7.38
(dd, J=9.1 7.0, 1H), 7.20 (d, 4=2.3, 1H), 6.80 (d,
J=5.9, 1H), 8.39 - 6.35 (m, 1H), 6.20-6.16 (m,
1H), 6.09 (d, J=5.9, 1H), 3.81 - 3.75 (m, 4H), 3.49
- 3.40 (m, 7H).
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NN

437 l/\ l)\N//

—Z

[4-Flucro-3-{7-
morpholin-4-yl-
quinazolin-4-yl)-
phenyllthieno[2,3-d}-
pyrimidin--1-vi-
methanal

MS: 474.1 (M+H*)

1H NVR (400 MHz, DMSO-d6) ppm = 9.09 (s,
1H), 9.08 (s, 1H), 8.47 (d, J=5.6, 1H), 7.78 - 7.73
(m, 2H), 7.61(d, J=5.6, 1H), 7.54 - 7.46 (m, 2H),
7.43-7.36 (m, 1H), 7.21-7.18 (m, 1H), 7.13 (d,
J=3.9, 1H:, 6.12 (d, J=3.9, 1H), 3.82 - 3.73 (m,
4H), 3.48 - 3.40 (m, 4H).

[4-Flucro-3-(7-
morpholin 4-yl-
quinazolin-4-yl)-

phenyllthicnof3 2-d}- | A c

pyrimidin-{-vi-

438 methanol
1H NMR (500 MHz, DMSO-d6) ppm = 9.09 (s,
1H), 9.07 (s, 1H), 8.46 (s, 1H), 8.45 (s, 1H), 7.78
-7.73(m, 2H), 7.60(d, J=5.5. 1H). 7.52 - 7.46 (m,

MS: 474.2 (M+H?) 2H), 7.41-7.36 (m, 1H), 7.20-7.18 (m, 1H),

7.41(d, J=3 9, 1H), 6.12 (d, J=3.9, 1H), 3.80 -
3.75 (m, 4H), 3.46 - 3.41 (m, 4H).

!
[2,4-Diflucro-5-(7-
morpholin-4-yl-
guinazalin-4-yl)-
phenyllthienaf3,2-d}- | A A c
pyrimidin-+-vi-

439 methanol
1H NMR (300 MHz, DMSQ-d6) ppm = 9.07 (s,
1H), 9.05 (s, 1H), 8.47 (d, J=5.8, 1H), 7.76 (t,

MS: 492.2 (M+H*) J=8.0, 1H), 7.61(d, J=56, 1H), 7.54 - 7.46 (m,

3H), 7.21-7.16 (m, 2H), 6.32 (d, J=4.8, 1H), 3.80
- 3.74 (M, 4H), 3.46 - 3.41 (m, 4H).
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(6) OH Ci
/
| Ny | = [2-Chloro-4-fluoro-5-
N N P {7-morphe lir-4-yl-
~F W’)\F quinazolin-4-yi)- B
phenyljfurs{3,2-d}-
m pyrimidin--yi-
— methanol Ena 2)
440 l/\ N N
e}
MS: 492.1/494.1 (M+H*) (Cl
isotopy, rel. peak intensity
ratio [%] 100:38); Rt
8.33min (SFC, Chiralpak see racemate
AD-H, CO2/ 40% by vol. of
methanol, 0.5% by vol. of
diethylamine)
[2-Chloro-4-fluoro-5-
{7-morphelin-4-yi-
quinazolin-4-yl)- c
phenyllfuraf3,2-d}-
pyrimidin-4-yl-
methanol Ena 1)
441
MS: 482.1/494.1 (M+H*) (Cl
isotopy, rel. peak intensity
ratio [%] 100:38), Re
3.83min (SFC, Chiralpak see racen-ale
AD-H, CO2/ 40% by vol. of
methanol, 0.5% by vol. of
diethylamine)
O OH
/
| N I oS [4-Fluoro-3-(7-
N 2N > morpholin-4-yl-
7 F | quinazolin-4-yl)- A
phenylifurn[3,2-d}-
| N7 SN pyrimidin-4-yi-
442 P methanol \Ena 2)
] K\N N
o
MS: 458.2 (M+H*), Rt
7.52min (SFC, Chiralpak
AD-H, CO2/40% by vol. of | See racemaie
2-propanol, 0.5% by vol. of
diethylamine)
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[4-fluoro-2-(7-
morpholin -4-yl-
quinazolin-4-yf}- A
phenyllfuraf3,2-d}-
pyrimidin-1-yl-
443 methanol (Ena 1)
MS: 458.1 (M+H*); R
3.43min (SFC, Chiralpak
AD-H, CO2/ 40% by vol. of | See racemale
2-propanol, 0.5% by vol. of
diethylaming)
[2,4-Diflucro-5-(7-
morpholin -4-yi-
quinazalin-4-yt)- A
phenyilfura[3,2-d}-
N pyrimidin-4-yl-
444 N N/) methanol \Ena 2)
o
MS: 476.2 (M+H*); Rt
8.29min (SFC, Chiralpak
AD-H, CO2/ 30% by vol. of | Seeracemale
_ methanol, 0.5% by vol. of
diethylamine)
[2.4-Diflucro-5-(7-
morpholin -4-yl-
quinazolin-4-yl)- A
phenylifura[3,2-d}-
pyrimidin-4-vi-
445 methanol (Ena 1)
|
‘ MS. 4761 (M+H), Re
5.74min (SFC, Chiralpak
AD-H, CO2/30% by vol. of | see racemate
methanol, 0.5% by vol. of
diethylamine)
[2.4-Diftucro-5-(7-
morpholin-4-yl-
quinazolin-4-yl)-
446 phenylifuro[3,2-d}- A
pyrimidin--f-yl-
methanol
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1H NMR (5C0 MHz, DMSO-d6) ppm = 9.12 (s,

1H), 9.00 (s, 1H), 8.57 (d, J=2.3, 1H), 8.00 (1,
J=8.1, 1H), 7.58 (dd, J=9.4, 2.8, 1H), 7.56 (dd,
MS: 476.2 (M+H?) J=9.4,2.4 1H), 7.45 (t, J=10.1, TH), 7.27 (d,
J=2.3,1H | 7.21 (d, J=2.3, 1H), 6.75 (d, J=5.4,
1H), 6.43 (d, J=5.3, 1H), 3.81-3.76 (m, 4H), 3.49
-3.42 (m, 4H).
| S0  OH <
i ~ [2-Chioro-4-fluoro-5-
N (7-morpheilin-4-yl-
Nz £ | quinazolin-4-yl)- A B c
phenyl]-(5-methoxy-
SN pyrimidin-4-vi}-
447 /) methanol
N N
6.
1H NMR (400 MHz, DMSO-d6) ppm = 9.14 (s,
MS: 482.2/484.1 (M+H*) (Cl | 1H), 8.74 (s, 1H), 8.65 (s, 1H), 7.97 (d, J=7.9,
isotopy, rel. peak intensity 1H) 7.69-7.52 (m, 3H), 7.23 (d, J=2.4, 1H), 6.43
ratio [%] 100:40) -6.32 (m, 2H), 4.01 (s, 3H), 3.80 (dd, J=5.9, 3.9,
4H), 3.47 (t. J=4.9, 4H).
SO0 OH F
| \l [2.4-Diflucra-5-(7-
N morpholin 4-yl-
Nz F i quinazolin-4 yl)- A 5 C
[ phenylj-(5-methoxy-
N pyrimidin-4-yi)-
methanol
44 =
o
1H NMR (400 MHz, DMSO-d6) ppm = 9.11 (s,
| 1H), 8.77 (s, 1H), 8.62 (s, 1H), 7.86 (t, J=8.2,
. " 1H), 7.66 - 7.50 (m, 2H), 7.41 (t, J=10.1, 1H),
MS: 466.2 (M+H") 7.21(d, J=2 1, 1H), 6.32 (d, J=6.2, 1H), 6.25 (d,
J=6.3, 1H:, 3.97 (s, 3H), 3.78 (t, J=4.9, 4H), 3.45
(t, J=4.8, 4H).
F
E/l\ OH F .
(3-Difluoremethoxy-
N7 pyrazin-2-yl)-{2,4-
i difluoro-5-(7 -
VN morphalin-4-yl- A B A
quinazolin-4-yl)-
' 449 \N phenyljmethanol
//3 (Ena 2)
ohe
O

MS: 502.2 (M+H*); Rt
3.40min (SFC, Chiralpak
AD-H, CO2/ 40% by vol. of
methanol, 0.5% by vol. of
diethylamine)

see racaiv.ate

PCT/EP2014/001236
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450

(3-Difluoremethoxy-
pyrazin-2-yl)-(2,4-
difiuoro-5-{(7 -
morpholin-4-yi- C C B
quinazolin-4-yl)-
phenylimethanol
(Ena 1)

MS: 502.2 (M+H*); Ry
2.00min (SFC, Chiralpak
AD-H, CO2/ 40% by vol. of
methanol, 0.5% by vol. of
diethylamine)

see racemale

451

(3-Difluorcmethoxy-
pyrazin-2-yN-[2,4-
difluoro-5-(7-
morpholin -4-yl-
quinazolin-4-yl)-
phenyiimethanol

TH NMR (560 MHz, DMSO-d6) ppm = 9.12 (s,
1H), 8.49 (d, J=2.6, 1H), 8.32 (d, J=2.8, 1H), 7.91
(t, J=8.2, "H), 7.77 (t, J=71.7, 1H), 7.61-7.51 (m,
2H), 7.43 (t, J=10.1, 1H), 7.21 (d, J=2.4, 1H),
6.48 (d, J=5 9, 1H), 6.29 (d, J=4.7, 1H), 3.81 -
3.75 (m, 4H), 3.48 - 3.42 (m, 4H).

| 452

f2-Chicro-4-uoro-5-
(7-morphclir-4-yl-
quinazolin-4-yh)-
phenyllfura[3,2-d}-
pyrimidin-4-yl-
methanol

MS: 492.1/494.1 (M+H*) (CI
isotopy, rel. peak intensity
ratio {%] 100:41)

TH NMR (560 MHz, DMS0-d6) ppm = 9.15 (s,
1H), 9.01 (s, 1H), 8.59 (d, J=2.3, 1H), 8.11 (d,
J=7.7,1H), 7.67 (d, J=9.4, 1H), 7.64 (dd, J=9.4,
2.9, 1H), 7.59 (dd, J=9.4, 2.5, 1H), 7.29 (d, J=2.3,
1H), 7.24 (d. J=2.4. 1H), 6.85 (d. J=5.4, 1H), 6.50
(d, J=5.3, 1H), 3.83-3.77 (m, 4H), 3.51-3.44 (m,
4H),

PCT/EP2014/001236
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{2.4-Diflucro-5-(7-
morpholin -4-yl-
quinazolin-4-yl)- C
phenyl}-(3-methoxy-
pyrazin-2-yl}-

453 methanol ‘Ena 1)
MS: 466.1 (M+H"); Ry
2.76min (SFC, Chiralpak
AD-H, COz2/ 40% by vol. of | See racemate
methanol, 0.5% by vol. of
diethylamine) _
S0 OH F
N7 Y7+ [2,4-Diflucro-5-(7-
“\/ N morpholin-4-yl-
=~ F | quinazolin-4-yl)- A
», phenyl]-(3-methoxy-
: pyrazin-2-yl)-
| 454 (\ /i methanol (Ena 2)
0.
MS: 466.2 (M+H*Y); Rt
4.60min (SFC, Chiralpak
AD-H, COz/ 40% by vol. of | See racemate
methanol, 0.5% by vol. of
3 diethylamine)
S0 oH ¢
: (R)-[2-Chloro-4-
fluoro-5-(7-
| morphoiin 4-yi-
quinazolin-4-yl)- B
phenyti~(3-methoxy-
pyrazir-2-yh-
methanol
4855
MS: 482.1/484.1 (M+H*) (CI
j isotopy, rel. peak intensity
ratio {%] 100:36); Ry
I 5.48min (SFC, Chiralpak see racen-ate
| AD-H, CO2/ 40% by vol. of
methanol, 0.5% by vol. of
diethylamine)
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No o c
(8)-[2-Chloro-4~
N S fluoro-3-(7-
QN £ morpholin 4-yl-
quinazolin-4 -yi}- A A C
N phenyl}-(3-methoxy-
l N pyrazin-2-yh)-
456 K\N 7 N/) methanol
o
MS: 482.1/484.1 (M+H*} (Cl
isotopy, rel. peak intensity
ratio [%] 100:35); Ri
2.58min (SFC, Chiralpak see racem-aie
AD-H, CO2/40% by vol. of
methanol, 0.5% by vol. of
diethylamine) ‘
{2-Chloro-4-iluoro-5-
(7-morpholin-4-yi-
quinazolin-4-yl)-
phenyl}-(3-methyl- B A A
pyrazin-2-yl)-
457 methanol
1H NMR (560 MHz, DMSO-d6) ppm = 9.13 (s,
) ) 1H), 8.43 (g, J=2.5, 1H), 8.36 (d, J=2.5, 1H), 7.99
MS: 466.1/468.1 (M+H*) (CI
sscton e peak(intens?ty(/ (d, J=7.8. 1H), 7.67 -7.60 (m, 2H), 7.57 (dd,
ratio [o/'} 160'36) J=9.4, 2.5 1H), 7.22 (d, J=2.4, 1H), 6.44 (d,
° ' J=569, 1H}, 6.25 (d, J=5.6, 1H), 3.86-3.72 (m,
4H), 352 -3.42 (m, 4H), 2.74 (s, 3H).
[2-Chicro-3-(7-
morpholin-4-yl-
quinazolin-4-yl)-
phenylj-(8-methoxy- A A c
pyridazin-3-yl)-
methanol 1Ena 1)
: 458

MS: 464.1/486.1 (M+H*) (CI
isotopy, rel. peak intensity
ratio [%] 100:36); Rt
11.22min (SFC, Chiralcel
OJd-H, CO2/ 15% by vol. of
2-propanol, 0.5% by vol. of
diethylamine)

1H NMR (400 MHz, DMSO-d6) ppm = 9.08 (s,
1H), 8.07 (d, J=2.2, 1H), 7.89 (d, J=9.5, 1H), 7.73
-787 (m, 2H), 7.63 (d, J=8.2, 1H). 7.54 (dd,
J=9.5,2.6 1H), 7.24 - 7.19 (m, 2H), 6.59 (d,
J=4.8, 1H!, 5.28 (d, J=4.8, 1H), 4.00 (s, 3H), 3.82
=375 (m, 4H), 3.48-3.41 (m, 4H).
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[2-Chloro-3-.7-
morpholin -4-yl-
quinazolin-4 -yl)-

PCT/EP2014/001236

| 461

459 phenyi}-(6 -methoxy- B B A
pyridazin-3-yl)-
methanol [Ena 2)
MS: 464.1/466.1 (M+H*) (CI
isotopy, rel. peak intensity
ratio [%] 100:36); Rt
14.88min (SFC, Chiralce! | See€ racemate
OJ-H, CO2/ 15% by vol. of
2-propanol, 0.5% by vol. of
diethylamine)
{2-Chloro-5-{7-
morpholin 4-yl-
quinazolin-4-yl)- *
phenyl]-(6-methoxy- B A A
pyridazin-3-vl)-
460 methanol
| 1H NMR (500 MHz, DMSO-d6) ppm = 9.09 (s,
1H), 8.08 (¢, J=2.2, 1H), 7.89(d, J=8.5, 1H), 7.73
MS: 464.1/466.1 (M+H") (Cl | _ 7.67 (m, 2H), 7.63 (d, J=8.2, 1H), 7.54 (dd,
isotopy, rel. peak intensity | j=g9.4, 2.7 1H), 7.23-7.19 (m, 2H), 6.59 (d,
ratio [%] 100:36) J=4.9, 1H,, 6.28 (d, J=4.8, 1H), 4.00 (s. 3H), 3.81
-3.75(m, 4H), 3.48 - 3.42 {m, 4H).
/
//“"“N OH
[4-Fluoro-3-(7-
morpholin-4-yl-
quinazolin-4-yl}- "
phenyl-(3-methyl- | A A
3H-imidazo[4,5-c}-
pyridin-4-y)inethanol

MS: 471.2 (M+H*)

TH NMR (500 MHz, DMSO-d6) ppm = 9.08 (s,
1H), 8.33 (s, 1H), 8.25 (d, J=5.5, 1H), 7.62 (d,
J=5.5 1H, 7.61-7.50 (m, 4H), 7.42 - 7.37 (m,
1H), 7.19 (0, J=2.3, 1H), 6.61(d, J=5.5, 1H), 6.43
(d, J=5.4, 1H), 4.01 (s, 3H), 3.80 - 3.74 (m, 4H),
3.46 - 3.4° (m, 4H).
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E /[  OH

NTOS [4-Fluoro-3-(7-

- 462

morpholin 4-yl-
quinazolin-4-yl}-
phenyi]-(3-icdo-
pyrazin-2- y1}-
methanol

1H NNMR (500 MHz, DMSO-d6) ppm = 9.09 (s,
1H), 8.62 (¢, J=2.4, 1H), 8.37 (d, J=2.4, 1H), 7.69
-7.61(m, 2H), 7.58-7.49 (m, 2H), 7.44 - 7.36 (m,
1H), 7.22 - 7.47 (m, 1H), 6.33 (d, J=5.7, 1H), 6.17
(d, J=5.7, 1H), 3.81-3.75 (m, 4H), 3.47 - 3.41 (m,
4H).

(3-Ethoxy- pyridin-2-
yl)-[4-fluoro-3-(7-

morpholin-4-yl- B A B
quinazolin-4 -yi)-
phenylimethanol

MS: 461.2 (M+H?)

1H NMR (5C0 MHz, DMSO-d8) ppm = 8.09 (s,
1H), 8.14 (ad, J=4.7, 1.2, 1H), 7.63 - 7.55 (m, 2H),
7.55-7.47 (m, 2H), 7.41(dd, J=8.3, 1.3, 1H),
7.38-7.3% (m, 1H), 7.29(dd, J=8.3, 4.7, 1H),
7.21-7.17 (m, 1H), 6.07 (d, J=6.3, 1H), 5.79 (d,
J=6.6, 1H}, 4.06 (q, J=7.0, 2H), 3.81-3.75 (m,
4H), 3.47 - 3.41 (m, 4H), 1.28 (t, J=6.9, 3H).

464

{3-Difluoremethoxy-
pyrazin-2-yl)-{4-
fluoro-3-(7-
morpholin 4-yi-
quinazolin-4-yh)-
phenyllimethanol

MS: 484.2 (M+H*)

TH NMR (500 MHz, DMSO-d6) ppm = 9.09 (s,
1H), 8.51(d, J=2.6, 1H), 8.28 (d, J=2.6, 1H), 7.86
-7.55 (M, 3H), 7.54-7.49 (m, 2H), 7.43 - 7.36 (m.
1H), 7.22 - 7.17 (m, 1H), 8.30 (d, J=5.8, 1H), 6.10
(d, J=4.9, 1H), 3.83-3.73 (m, 4H), 3.48 - 3.40 (m,
4H).

PCT/EP2014/001236
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(3-Chloro-pyridin-2-
yi-[4-f uoro-3-(7-
morpholin -4-yl- B
quinazolin-4-yl)-
phenyljmethanol
(Ena 2)
465
MS: 451.1/453.1 (M+H*) (C
isotopy, rel. peak intensity
ratio [%] 100:35); R
6.63min (SFC, Chiralpak see racemate
AD-H, CO2/ 40% by vol. of
2-propanol, 0.6% by vol. of
diethylamine) _
{(3-Chloro-pyridin-2-
yi}-{4-fluora-3-(7-
morpholin 4-yi- B
guinazolin-4-yi)-
phenyijmethanol
(Ena 1)
466
MS: 451.1/453.1 (M+H*) (CI
isotopy, rel. peak intensity
ratio [%] 100:35); Rt
3.98min (SFC, Chiralpak see racemale
AD-H, CO2/ 40% by vol. of
2-propanol, 0.5% by vol. of
diethylamine)
N0 o F
NI AN I = [2,4-Diftucro-5~(7-
marpholin-4-yl-
AN Z F quinazolin-4-yl)- A
! phenyl-(3-methoxy-
; | X RN pyrazin-2-yl)-
methanol
i 467 /\N = N/
o
1H NMR (500 MHz, DMSO-d6) ppm = 9.11 (s,
1H), 8.16(dd, J=16.4, 2.7, 2H), 7.87 {t J=8.2,
) + 1H), 7.589 (dd, J=9.4, 3.0, 1H), 7.56 (dd, J=9.4,
MS: 466.2 (M+H?) 2.4, 1H), 7.40(t, J=10.1, 1H), 7.21(d, J=2.5, 1H),
i 6.28 (s. 1H). 6.23 (s, 1H), 3.96 (s, 3H), 3.81 -
: 3.75 (m, 4H), 3.48-3.43 (m, 4H).
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[2-Chloro-4-iluoro-5-
{7-morphclin-4-yi-
quinazolin-4-yi)-
phenyl]-(3-methoxy-
pyrazin-2-yl}-

methanol, 0.5% by vol. of
diethylamine)

| 468 methano!
1H NMR (5€0 MHz, DMSO-d8) ppm = 9.13 (s,
. R 1H), 8.17 (¢, J=2.7, 1H), 8.11(d, J=2.7, 1H), 7.97
:‘gft-o 482-{1{“:;&“:;::;5“ (d, J=7.8, TH), 7.65 - 7.58 (m, 2H), 7.56 (dd,
tio ‘[’3/"} ] 60937) W1 J=9.4,25 1H), 7.22 (d, J=2.4, 1H), 6.31 (s, 2H),
? ’ 4.00 (s, 3H), 3.81-3.76 (m, 4H), 3.48 -3.43 (m,
4H).
[2-Chloro-5-(7-
morpholin-4-yl-
guinazolin-4-yi)- C
phenyljpyridazin-3-yl-
methanol ‘Ena 2)
469 [/\ N
1 — o —
MS: 434.1/436.1 (M+H?*) (C!
: isotopy, rel. peak intensity
ratio [%] 100:38); Ry
4.70min (SFC, Chiralcel see racemale
0J-H. CO2/20% by val. of
methanol, 0.5% by voi. of
diethylamine)
[2-Chloro-5-(7-
morpholin-4-yi-
quinazolin-4-yi)- A
phenylpyiidazin-3-yl-
methanol :Ena 1)
470
MS: 434.1/436.1 (M+H"*) (CI |
isotopy, rel. peak intensity
ratio [%] 100:38); Ry
2.52min (SFC, Chiralcel see racemate
OJ-H, COz/20% by vol. of
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[4-Fluoro-3-(7-

morpholin 4-yl-
quinazolin-4-yl- .
phenyilfura[:3,2-d}- A A A
pyrimidin-{-yl-

L 471 methanol
1H NMR (5C0 MHz, DMSO-d6) ppm = 9.10 (s,
1H), 9.01 (s, 1H), 8.55(d, J=2.3, 1H), 7.79-7.73

i (m, 2H), 7.54 -7.49 (m, 2H), 7.44 -7.38 (m, 1H),
MS: 488.1 (M+H*) 7.24 (c, J=2 2, 1H), 7.22-7.18 (m, 1H), 6.62 (d,

J=4.6,1H, 6.20 (d, J=4.6, 1H), 3.80-3.75 (m,
4H), 3.47 - 3.42 (m, 4H).

5 {4-Flucro-347-
morpholin 4-yl-
quinazolin-4-yl)- B A A
phenyll-(3-methyl-

pyridin-2-yl}methanol

| 472
1H NMR (400 MHz, DMSO-d6) ppm = 9.08 (s,
1H), 8.43-3.39 (m, 1H), 7.63-7.57 (m, 1H),
7.56 - 7.43 (m, 4H), 7.39-7.32 (m, 1H), 7.28 -

MS: 431.2 (M+H*) 7.23 (m, 1H), 7.21-7.17 (m, 1H), 6.09 (s, 1H),

6.01 (s, 1H), 3.82-3.73 (m, 4H), 3.48 - 3.40 (m,
4H), 228 (s, 3H).
(3-bromo-5-methoxy-
pyridin-2-y1)-{4-
fluoro-3-(7-
morpholin 4-yl- B A B
quinazolin-4-yl)-

henyllmethanol

- 473 pheny]
1H NMR (400 MHz, DMSO-d6) ppm = 9.09 (s,

. . 1H), 8.31(d, J=2.6, 1H), 7.70(d, J=2.8, 1H), 7.62
(Né?f;g;%?;ﬁ (e];”;"") ~7.56 (m, 2H), 7.54 -7.50 (m 2H). 7.39 - 7.33 (m,
intensity r;:tio {%p] 100:97) 1H), 7.21-7.18 (m, 1H), 6.16 (d, J=6.1, 1H), 6.01

: (d, J=6.1, 1H), 3.84 (s, 3H), 3.80 - 3.75 (m, 4H),
3.46 - 34" (m, 4H).
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| 474

[2,4-Diflucro-5-(7-
morpholin 4-yi-
quinazolin-4-yi)-
phenyljimidazo-
[2.1-blhiazel-6-yi-

methanol
1H NNR (400 MHz, DMSO-d6) ppm = 8.09 (s,
1H), 7.85 (c, J=4.5, 1H), 7.71-7.68 (m, 1H), 7.62
-7.55(m, 1H), 7.54 - 7.51 (m, 2H), 7.26 (t, J=9.1,
1H), 7.21 -7.47 (m. 2H), 6.18 -6.13 (m, 2H),
3.80-3.75(m, 4H), 3.47 - 3.41 (m, 4H).
[4-Fluoro-3-{7-
morpholin-4-yl-
quinazolin-4-yl)-
phenyl’-(3-trifluoro- A A B
methoxypyridin-2-yl)-
475 methanol
1H NMR (400 MHz, DMSO-d6) ppm = 9.11 (s,
1H), 861 (ad, J=4.6, 1.3, 1H), 7.87 (dp, J=8.4,
_ . 1.6, 1H), 7.68-7.57 (m, 2H), 7.57 - 7.46 (m, 3H),
MS: 501.2 (M+H?) 7.40 (dd, /=09, 8.4, 1H), 7.21 (d, J=1.9, 1H), 6.26
(d, J=5.9, 1H), 6.13 (d, J=5.9, 1H), 3.89 - 3.65 (m,
4H), 3.54 - 3.38 (m, 4H).
{4-Filuoro-3-(7-
morpholin -4-yl-
quinazolin-4-yi)-
[ phenyl]-(3-trifluoro- B A A
g methylpyrazin-2-yl)-
476 methanol
1H NMR (500 MHz, DMSO-d6) ppm = 8.10 (s,
1H), 9.00 (¢, J=2.3, 1H), 8.77 (d, J=2.3, 1H), 7.66
, N (dd, J=6.9, 2.3, 1H), 7.63-7.58 (m, 1H), 7.56 -
MS: 486.2 (M+H') 7.50 (e, 2H, 7.43-7.37 (m, 1H), 7.21 - 7.18 (m,
1H), 6.54 (¢, J=5.7, 1H), 6.21 (d, J=4.3, 1H), 3.81

-3.74 (m, 4H). 3.48 - 3.40 (m, 4H).
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(3-bromo-oyridin-2-
yl)-[4-fluoro-3-(7-

morpholin-4-yl- A A D
quinazolin-4-yi)-
phenyllmethanol
478
1H NMR (400 MHz, DMSO-d8) ppm = 9.09 (s,
1H), 8.60 (ad, J=4.6, 1.4, 1H), 8.08 (dd, J=8.1,
MS: 495.1/497.1 (M+H") 1.5, 1H), 7.65-7.59 (m, 2H), 7.54 - 7.50 (m, 2H),
(Br lsotopy, rel. peak 741 - 73‘1 (m, 1H), 7.28 (dd, J=81 46, 1H)‘
intensity ratio [%] 100:96) 7.21-7.18 (m, 1H), 6.20 (d, J=6.3, 1H), 6.12 (d,
J=6.3, 1H}, 3.82-3.74 (m, 4H), 3.49-3.40 (m,
4H).
OH ClI
f2-Chlcro-5-{7-
morpholin-4-yl-
quinazolin-4-yl)- B A B
phenyllpyridazin-3-yl-
methanol
478

TH NMR (500 MHz, DMSO-d8) ppm = 9.15 (dd.
J=4.9, 1.7 1H), 9.08 (s, 1H), 8.04 (d, J=2.2, 1H),
MS: 434.1/436.1 (M+H*) (Cl | 7.87 (d, J=9 4, 1H), 7.80 (dd, J=8.5, 1.7, 1H), 7.74
isotopy, rel. peak intensity -7.69 (m, 2H), 7.64 (d, J=8.2, 1H), 7.52 (dd,

ratio [%)] 100:37) J=9.5,26 1H), 7.21(d, J=2.5, 1H), 6.69 (d,
J=4.9, 1H:, 6.38 (d, J=4.9, 1H), 3.83-3.72 (m,
4H), 3.49-3.40 (m, 4H).

(*) In the second column: enantiomer isolzted by chromatography which represents
either the pure R or S configuration of the molecule

(*) In the final column: potassium channel activity measured using hERG binding
assay instead of hERG patch clamp assay

Example numbers 273-277, 281-283, 287 and 477 have intentionally been omitted.
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CLAIMS

1. Compounds of the formula (I}

“‘(
O

_ )
5 in which
X is CH, CF, SorN,
Y is CH, S or N,
Z is C or N,
- forms, if Z = C, a double bond together with the single bond,
10 is absent if Z =N,
n is 1 or 2, where
fn=1,X=8§,
and if n = 2, both X = CH, or the X linked to the pyrimidine ring is CF
and the X not linked to the pyrimidine ring is CH, or one X is CH and
15 the other X is N;
m is 1 or2, where

fm=1Y=§S,
andifm=2 bothY =CH, crone Y is CH and the other Y is N;
R', R% R®, R* independently of one another, are H, Hal, CN, OH, CONH,, CONH(LA)

20 or LA;
RS is H, Hal, CN or C=CH,;
Cyc is phenyl, which may be unsubstituted or mono- or disubstituted, inde-
pendently of one another, by RS, or is Het';
Het! is a mono- or bicyclic, 5-10-membered heterocycle, having 1-3 N, O and/or
25 S atoms, or 1-4 N atoms, which may be unsubstituted or mono-, di- or tri-

substituted, independently of ona another, by R®, or may be monosubsti-
tuted by Het?;
R® is Hal, LA, oxo, CN, or NH;
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LA is unbranched or branched alkyl having 1-5 C atoms, which may be satu-
rated or partially unsaturated, in which 1-3 H atoms may be replaced by
Hal, and/or one H atom may be replaced by CN or Het? and/or one or two
CH> groups may be replaced by O, NH, NHz, N(CHs) or CO;

Het? is a 3-5-membered aliphatic homo- or heterocycle having 0, 1, 2or3 N, O

[

and/or S atoms, which is unsubstituted;
Hal isF,Cl Brorl;

and/or physiologically acceptable salts, tautomers and/or stereocisomers thereof,
10 including mixtures thereof in all ratios.

2. Compounds according to Claim 1 which conform to the formula (Ib),

15 (Ib)

in which all substituents have the meaning indicated for the formuia (1,
and/or physiologically acceptable salts, tautomers and/or sterecisomers thereof,
including mixtures thereof in all ratios.

20

3. Compounds according to Claim 1 or 2 which conform to the formula (il)




10

15
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in which

R® is Hal, CN, OH, CONH,, CONH(LA) or LA;

R® R® independently of one another, are H, Hal, i.A, oxo, CN, NH; or Het?;

Q',Q?, independently of one another, are CH, N or NH and are in each case unsubstituted;
——— denotes the presence or absence of double bonds in Cyc;

and the other substituents have the meaning indicated for the formula (1),

and/or physiologically acceptable salts, tautomers and/or sterecisomers thereof,

including mixtures thereof in all ratios.

4. Compounds according to Claim 1 or 2 which conform to the formula (1il)

N O 6(3 n N/ v~~~--—\\0
S \_/
(1
in which
R? is Hal, CN, OH, CONHz, CONH(LA) or LA;
R® is Hal, LA, oxo, CN, NH; or Het®;
R®" is H, Hal, LA, oxo, CN, NHz or Het?%;
-—— denotes the presence or absence of double bonds in Cyc;

and the other substituents have the meaning indicated for the formula (1),

and/or physiclogically acceptable salts, tautomers and/or stereoisomers thereof,
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including mixtures thereof in all ratios.

5. Compounds according to Claim 3 which conforms to the formula (lia)

(a),

5 inwhich

R?, R®, independently of one another, are Hal, CN, OH, CONHz, CON(LA) or LA;
R® R®" independently of one another, are H, Hal, LA, oxo, CN, NH, or Het*;
Q',Q? independently of one another, are CH, N cr NH and are in each case unsubstituted;
X is CH, CF or N;

10 X2 is CH or N,

where X, X? are not simultaneously N;

Y is CH or N;
-=e- denotes the presence or absence of doublz bonds in Cyg;
and the other substituents have the meaning indicated for the formula (1),

15 and/or physiologically acceptable salts, tautomers and/or stereoisomers thereof,
including mixtures thereof in all ratios.

6. Compounds according to Claim 3 which conforms to the formula (lib)
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{iib)
in which
R?, R?, independently of one another, are Hal, CN, OH, CONH,, CON(LA) or LA;
R® R¥ independently of one another, are H, Hal, \_A, oxo, CN, NHz or Het?;
5 Q'Q? independently of one another, are CH, N cr NH and are in each case unsubstituted;
Y is CHor N,
e denotes the presence or absence of double bonds in Cyc;
and all other substituents have the meaning indicated for the formuia (1),
and/or physiologically acceptable salts, tautomers and/or stereocisomers thereof,
10 including mixtures thereof in all ratios.

7. Compounds according to Claim 4 which conforms to the formula (llia)
&
3 ™ 7 ot R
Cyey
R t %)
10
R’ |
5/)\ /(\)\N/
|
i\
\/O
(llia),
in which

15 R® is Hal, CN, OH, CONHz, CON(LA) or LA,
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is Hal, LA, oxo, CN, NH; or Het?,

is H, Hal, LA, oxo, CN, NH; or Het?;

is CH, CF or N;

is CHorN,

where X', X? are not simultaneously N;
is CHorN;

denotes the presence or absence of double bonds in Cyc;

and the other substituents have the meaning indicated for the formula (1).

and/or physiologically acceptabie salts, tautomers and/or sterecisomers thereof,

including mixtures thereof in all ratios.

8.

Compounds according to Claim 4 which conforms to the formula (ilib)

(It}
in which
R® s Hal, CN, OH, CONH,, CON(LA) or LA;
R® is Hal, LA, oxo, CN, NH; or Het?
R®¥  is H, Hal, LA, oxo, CN, NH; or Het”:
Y is CH or N,

denotes the presence or absence of double bonds in Cyc;

and all other substituents have the meaning indicated for the formula (1),

and/or physiologically acceptable salts, tautomers and/or sterecisomers thereof,

including mixtures thereof in all ratios.

9.

Compeounds according to Claim 5, in which the radicais not designated in greater

detail have the meaning indicated for the formula (lla), but in which

in the case of the sub-formula {lla-A)

X?

is CH,
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R is F or Cl,
R? is F or Cl,

in the case of the sub-formula (ila-B)
R’ is F,
R? is F or Cl,

in the case of the sub-formula {lla-C)
X1, X2 is CH,

in the case of the sub-formula (lla-D)
X! is CH,
RS is H,

in the case of the sub-formula (lla-E)
R? is H, OH,

in the case of the sub-formula (ila-F)
X1 is CH,
R? is OH,

in the case of the sub-formuia (lia-G)
X! is CH,
Y is CH,

in the case of the sub-formula (ila-H)
X! is CH,

PCT/EP2014/001236

Cyc s pyridine, pyrazine or pyridazine, or pyrazolo[1,5-a]pyrimidinyl or imidazo[1,2-b]-

pyridazinyl,

in the case of the sub-formula (lla-J)

Cyc is pyridine, pyrazine, pyridazine, pyrazolo{1,5-a]pyrimidinyl, imidazo[1,2-b]pyridazinyl,

furo[2,3-clpyridinyl, furof2,3-d}pyridaziny!, henol2,3-d}pyridazinyl, thieno{2,3-d}-

pyrimidinyl or imidazo[4,5-c]pyridinyl, each of which may be unsubstituted, or may be

mono- or disubstituted by methoxy, methyi, oxo, Cl or CHF,0,

in the case of the sub-formula (I!a-K)
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R! is FF or Cl,
R? is F or Cl,
R® is OH,

RS is H,

X', X? is CH,

in the case of the sub-formula (I1a-1)

R’ is F,

R? is F or Cl,
R? is H or OH,
R® is H,

in the case of the sub-formula (lla-M)

R® is F or Cl,
R? is For Cl,
R? is OH,

RS is H,

X!, X% is CH,

Cyc is pyridine, pyrazine or pyridazine, or pyrazolo[1,5-ajpyrimidiny! or imidazo[1,2-b]-
pyridazinyl,

in the case of the sub-formula (lla-N)

R? is F,

R? is F or Cl,
R® is H or OH,
RS is H,

Cyc is pyridine, pyrazine, pyridazine, pyrazolo[ !,5-a]pyrimidinyl, imidazo[1,2-b]pyridazinyl,
furo[2.3-c]pyridinyl, furo[2,3-d}pyridazinyl, thieno[2, 3-d}pyridazinyl, thieno[2,3-d}-
pyrimidinyl or imidazo[4,5-c]pyridinyl, eack of which may be unsubstituted, or may be
mono- or disubstituted by methoxy, methy’, oxo, Ct or CHF20,

in the case of the sub-formula (lia-O)
R' is F,

R? is F or ClI,

R® is H or OH,

R® is H,
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Cyc is 5-methoxypyridazin-3-yl, imidazo[1,2-b]pyridazin-6-yl, 3-chioro-6-methoxypyrazin-
2-yl, 3-chloropyrazin-2-yi, pyridazin-4-yl, 3-methoxypyrazin-2-yl, 6-methoxypyridazin-
3-yl, 3-difluoromethoxypyridin-2-yl, 3-methylpyrazin-2-yl, thieno[2,3-d}pyrimidin-4-yl,
1-methyl-1H-pyridin-2-one-6-yl, 1H-pyridazin-6-one-3-yi, furo[2,3-d}pyridazin-7-yl,
thieno[2,3-d}pyridazin-7-yl, 3,5-dimethylpyrazin-2-yi, furo[2,3-d}pyrimidin-4-yi, 3-
methyl-3H-imidazo[4,5-c]pyridin-4-yl,

and/or physiologically acceptable salts, tautomers and/or sterecisomers thereof,
including mixtures thereof in all ratios.

10. Compounds according to Claim 7, in which the radicals not designated in greater
detail have the meaning indicated for the formula {lila), but in which

in the case of the sub-formula (illa-B)

R’ is F,

in the case of the sub-formula (llla-C)
Xi, X2 is CH,

in the case of the sub-formula (llla-D})
X! is CH,
RS is H,

in the case of the sub-formula lila- (E)
R® is H, OH,

in the case of the sub-formula (lHla-F)
X is CH,
R® is OH,

in the case of the sub-formula (llla-G)
X' is CH,
Y is CH,

in the case of the sub-formula (llla-H)

X is CH,

Cyc is pyridine, pyrazine or pyridazine, or pyrazolo[1,5-a]pyrimidiny! or imidazo[1,2-bj-
pyridazinyl,
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in the case of the sub-formula (illa-J)

Cyc  is pyridine, pyrazine, pyridazine, pyrazolo[ |,3-a]pyrimidinyl, imidazo[1,2-b]pyridazinyl,
furo[2,3-c]pyridinyl, furo[2,3-d}pyridazinyl, thieno[2,3-d}pyridazinyl, thieno[2,3-d}-
pyrimidinyl or imidazo[4,5-C]pyridinyi, each of which may be unsubstituted, or may be
mono- or disubstituted by methoxy, methy:, oxo, Ci or CHF:0,

in the case of the sub-formuia (illa-K)

R is F or Cl,
R3 is OH,

R® is H,

X!, X2 is CH,

in the case of the sub-formula (lita-L)

R? is F,
R3 is H or OH,
RS is H,

in the case of the sub-formula (illa-M)

R’ is F or Cl,
R3 is OH,

R® is H,

X', X2 is CH,

Cyc s pyridine, pyrazine or pyridazine, or pyrazolof[1,5-alpyrimidinyl or imidazo[1,2-b]-
pyridazinyl,

in the case of the sub-formula (Illa-N)

R is F,
R? is H or OH,
R® is H,

Cyc is pyridine, pyrazine, pyridazine, pyrazolo[1,5-alpyrimidinyl, imidazo[1,2-b]pyridazinyl,
furo[2,3-clpyridinyl, furo[2,3-d}pyridazinyl, thieno[2,3-d}pyridazinyl, thieno[2,3-d}-
pyrimidiny! or imidazo[4,5-c]pyridiny!, each of which may be unsubstituted, or may be

mono- or disubstituted by methoxy, methyt, oxo, Cl or CHF:O,

in the case of the sub-formuila (l{la-0)
R’ is F,




10

15

20

30

35

WO 2014/183830

R3 is H or OH,
R is H.
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Cyc is B-methoxypyridazin-3-yl, imidazo[1,2-b]pyridazin-6-yl, 3-chloro-6-methoxypyrazin-

2-yl, 3-chloropyrazin-2-yl, pyridazin-4-yl, 3.1miethoxypyrazin-2-yl, 6-methoxypyridazin-

3-yl, 3-difluoromethoxypyridin-2-yl, 3-methylpyrazin-2-yl, thieno[2,3-d}pyrimidin-4-y{,

1-methyl-1H-pyridin-2-one-6-yi, 1H-pyridazir:-6-one-3-yi, furo[2,3-d}pyridazin-7-yl,

thieno[2,3-d}pyridazin-7-yl, 3,5-dimethylpyrazin-2-yl, furo[2,3-d}pyrimidin-4-yl, 3-

methyl-3H-imidazo[4,5-c]pyridin-4-yi,

and/or physiclogically acceptable salts, tautomers and/or stereoisomers thereof,

including mixtures thereof in all ratios.

11. Compounds according to Claim 6, in which the radicals not designated in greater

detail have the meaning indicated for the formulae: {ilb), but in which

in the case of the sub-formula (lib-Q)
R! is F or Cl,

R2 is ForCl
R® is OH,

RS is H.

Y is CH,

in the case of the sub-formula (l1b-R)
R’ is F,

R? is F or Cl,
R3 is OH,

R® is H,

Y is CH,

in the case of the sub-formula (lIb-S)

Cyc  is pyridine, pyrazine or pyridazine,

in the case of the sub-formula (llb-T)
R is F or Cl,

R? is F or CI,

R® is OH,

R® is H,
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Cyc is pyridine, pyrazine or pyridazine,

in the case of the sub-formula (I1b-U)
R’ is F,

R? is F or Cl,
R® is OH,
RS is H,

Cyc is pyridine, pyrazine, pyridazine or 3-methvipyrazin-2-yi,

PCT/EP2014/001236

and/or physiologically acceptable salts, tautomers and/or sterecisomers thereof,

including mixtures thereof in all ratios.

12. Compounds according to Claim 8, in which the radicals not designated in greater

detail have the meaning indicated for the formulae: (li1b), but in which

in the case of the sub-formula (lllb-Q)
R* is For Cl,

R3 is OH,
RS is H,
Y is CH,

in the case of the sub-formula (lilb-R)
R’ is F,

R? is OH,
RS is H,
Y is CH,

in the case of the sub-formula (illb-S)

Cyc is pyridine, pyrazine or pyridazine,

in the case of the sub-formula (llib-T)
R is F or ClI,

R? is OH,

R® isH,

Cyc is pyriding, pyrazine or pyridazine,

in the case of the sub-formuia (llib-U)
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R! is F,
R is OH,
R® is H,

Cyc is pyridine, pyrazine, pyridazine or 3-methvlpyrazin-2-yi,

and/or physiologically acceptable salts, tautomers and/or sterecisomers thereof,

including mixtures thereof in all ratios.

13.  Compounds according to one of Claims 1 w0 12, selected from the group:
[2-Chloro-4-fluoro-5-(7-morpholin-4-yiquinazolin-4 -yl)phenyl}-(5-methoxypyridazin-3-yl)-
methanol,
[4-Fluoro-3-(7-morpholin-4-ylquinazolin-4-yl)pheny(]-(5-methoxypyridazin-3-yl)methanol,
[2,4-Difluoro-5-(7-morpholin-4-ylquinazolin-4-yi)pt.enyllimidazo[1,2-blpyridazin-8-yimethanol,
(3-Chloro-8-methoxypyrazin-2-yl)-[4-fluoro-3-(7-morpholin-4-ylquinazolin-4-yl)pheny!]-
methanol,
(R)-(3-Chioropyrazin-2-yl)-[4-fluoro-3-(7-morpholin-4-ylquinazolin-4-yl)phenylimethanol,
[2-Chloro-4-fluoro-5-(7-morpholin-4-ylquinazolin-4-ylyphenylipyridazin-4-yImethanol,
[4-Fluoro-3-(7-morpholin-4-ylquinazolin-4-yl)phenyll-(3-methoxypyrazin-2-ylymethanol,
[4-Fluoro-3-(7-morpholin-4-ylquinazolin-4-yl)phenvl]-(6-methoxypyridazin-3-ylymethanol,
(3-Difluoromethoxypyridin-2-yl)-[4-flucro-3-(7-morahiolin-4-ylquinazolin-4-yl)phenylimethanol,
(R)-[4-Fluoro-3-(7-morpholin-4-ylquinazolin-4-yl)p 1enyi]-(3-methylpyrazin-2-yl)methanol,
[2,4-Difluoro-5-(7-morpholin-4-ylquinazolin-4-yijpt.enyl}-(3-methylpyrazin-2-yl)methanol,
[2.4-Difluoro-5-(7-morphoiini-4-ylquinazolin-4-yl)pkenyllthieno[2, 3-d}pyrimidin-4-yimethanol,
6-{[4-Fluoro-3-(7-morpholin-4-ylquinazolin-4-yl}phenyl]hydroxymethyl}-1-methyl-1H-pyridin-2-
one,

3-[[2-Chloro-4-fluoro-5-(7-morpholinoquinazolin-4- yl) phenyllhydroxymethyl]-1H-pyridazin-6-
one,
(S)-[2-Chioro-4-fluoro-5-(7-morpholin-4-ylquinazolin-4-yl)phenyl)-(6-methoxypyridazin-3-yl)-
methanol,
(R)-[4-Fluoro-3-(7-morpholin-4-ylpyrido[3,2-d}pyriinidin-4-yl)phenyl]-(3-methylpyrazin-2-yl)-
methanol,
4-(4-Chloro-2-fluoro-5-imidazo(1.2-bipyridazin-8-yImethylphenyl)-7-morpholin-4-yl-
guinazoline,
[4-Fluoro-3-(8-merpholin-4-yithienc[3,2-d}pyrimidin-4-yl)phenyi]-(3-methylpyrazin-2-yl)-
methanol,
(R)-[4-Fluoro-3-(5-fluoro-7-morpholin-4-yiquinazolin-4-yl)phenyl]-(3-methylpyrazin-2-yl)-
methanol,




10

15

20

-5

30

35

WO 2014/183850 -222- PCT/EP2014/001236

[2-Chloro-4-fluoro-5-(5-fluoro-7-morphoiin-4-ylquinazolin-4-yl)phenyl}-(3-methoxypyrazin-2-
vlimethanol,

[4-Fiuoro-3-(5-fluoro-7-morpholin-4-ylguinazolin-4 -yl)phenyl]-(3-methoxypyrazin-2-yl)-
methanol,

[4-Fluoro-3-(5-fluoro-7-morpholin-4-ylquinazolin-4 -yi)phenyl]-(6-methoxypyridazin-3-yl)-
methanol,
[4-Fluoro-3-{7-(2,2,3,3,5,5,6,6-octadeuteriomorpholin-4-yl)quinazolin-4-yljphenyl]-(3-
methylpyrazin-2-ylymethanol,
[4-Fluoro-3-(5-fluoro-7-morpholin-4-yiguinazolin-4-yl)phenyl]-(6-methoxypyridazin-3-yl)-
methanol,
[2-Chloro-4-fluoro-5-[7-(2,2,3,3,5,5,6,6-octadeuteriomorpholin-4-yl)quinazolin-4-ylphenyl]-(6-
methoxypyridazin-3-yl)methanol,
[2-Chloro-4-fluoro-5-(6-morpholin-4-ylthieno[3,2-d}pyrimidin-4-yl)phenyl]-(3-methyipyrazin-2-
yl)methanaol,
[4-Fluoro-3-(6-morpholin-4-ylthieno[3,2-d}pyrimidin-4-yhphenyl]-(3-methylpyrazin-2-yl)-
methanol,
[2-Chloro-4-fluoro-5-(5-fluoro-7-morpholin-4-ylquinazolin-4-yl)phenyl]-(3-methoxypyrazin-2-
ylmethanol,
[4-Cluoro-3-(5-fluoro-7-morpholin-4-ylquinazolin-4-yl)phenyl]-(3-methoxypyrazin-2-yl)-
methano!,
[4-Cluoro-3-(5-fluoro-7-morpholin-4-ylquinazolin-4-yl)phenyl)-(3-methylpyrazin-2-yiymethanol,
{2-Chloro-4-fluoro-5-(5-fluoro-7-merpholin-4-ylquinazolin-4-ylyphenyl]-(6-methoxypyridazin-3-
yl)methanol,
{4-Cluoro-3-(7-morpholin-4-ylquinazolin-4-yl)phenylifuro[2,3-d}pyridazin-7-yimethanol,
[2,4-Difluoro-5-(7-morpholin-4-ylquinazolin-4-yl)phenylfuro{2, 3-d}pyridazin-7-ylmethanol,
[2,4-Difluoro-5-(7-morpholin-4-ylquinazolin-4-ylphenylithieno[2,3-d}pyridazin-7-ylmethanol,
(3,5-Dimethylpyrazin-2-yl)-[4-fluoro-3-(7-morpholin-4-ylquinazolin-4-yl)phenyllmethanol,
8-{[2-Chloro-5-(7-morpholin-4-ylquinazolin-4-yl; pkenylihydroxymethyi}- 1-methyi-1H-pyridin-2-
one,
8-{[4-Fiuoro-3~(7-morpholin-4-ylquinazolin-4-yl)phenyilhydroxymethyl}-2H-pyridazin-3-one,
8-{[4-Fluoro-3-(7-morpholin-4-ylguinazolin-4-yl)phznyllhydroxymethyf}-1-methyl- 1 H-pyridin-2-
one,
6-{[2-Chloro-4-fluoro-5-(7-morpholin-4-ylquinazolin-4-yl)phenyllhydroxymethyl}-1-methyl-1H-
pyridin-2-one,

[4-Fluoro-3-(7-morpholin-4-ylquinazolin-4-yt) phenvilfuro[2,3-d}pyrimidin-4-ylmethanol,
[4-Fluoro-3-(7-morpholin-4-ylguinazolin-4-yl)phenylifuro[3, 2-d}pyrimidin-4-ylmethanol,
[2,4-Difluoro-5-(7-morpholin-4-ylguinazolin-4-yl}ptienyi}-(3-methoxypyrazin-2-ylymethanol.
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4-Fluoro-3-(7-morpholin-4-yiquinazolin-4-yl)phenyl}-(3-methyl-3H-imidazo[4,5-clpyridin-4-yi)-
methanol,
[4-Fluoro-3-(7-morpholin-4-ylquinazolin-4-yhHphenyiifuro[3.2-d}pyrimidin-4-yimethanol,
and/or physiologically acceptable salts, tautomers and/or stereoisomers thereof, including
mixtures thereof in all ratios.

14. Process for the preparation of compounds of the formula (1) according to Claim 1
and/or physiologically acceptable salits, tautomers and/or stereoisomers thereof hav-
ing the following steps:

(@) reaction of a compound of the formula (V)

{v)

in which LG is a conventional leaving group, such as Hal,
with a compound of the formula (V)

(V)

in which A is boronic acid or a boronic acid ester,
giving the compounds of the formula (1), and opticnally

{b) conversion of a base or acid of the compounds of the formula (l) into one of its salts.

15. Use of at least one compound according to one of Claims 1 to 13
and/or physiologically acceptable salts, tautomers and/or stereoisomers thereof,
including mixtures thereof in all ratios, for the preparation of a medicament for the

sensitisation of cancer cells to anticancer agents and/or ionising radiation.
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Use of at least one compound according to one of Claims 1 to 13

and/or physiologically acceptable salts, tautomers and/or stereoisomers thereof,
including mixtures thereof in all ratios, for the preparation of a medicament for the
prophylaxis and/or therapy of cancer, tumours or metastases in combination with
radiotherapy and/or with at least one anticancer agent.

Medicament comprising at least one compound according to one of Claims 1 1o 13
and/or physiologically acceptabie saits, taiitomers and/or sterecisomers thereof,
including mixtures thereof in all ratios.

Pharmaceutical composition comprising, es active compound, an effective amount of
at least one compound according to ong of Claims 1 to 13 and/or physiologically
acceptable salts, tautomers and/or stersoiscmers thereof, including mixtures thereof
in all ratios, together with pharmaceutically tolerated adjuvants.

Pharmaceutical composition comprising, es active compound, an effective amount of
at least one compound according to one of Claims 1 to 13 and/or physiologically
acceptable salts, tautomers and/or sterecisomers thereof, including mixtures thereof
in all ratios, together with pharmaceutically tolerated adjuvants in combination with an

effective amount of at least one anticancer agent.

Kit, consisting of separate packs of (a) an sffective amount of at least one compound
according to one of Claims 1 to 13 and/or hysiologically acceptable salts, tautomers
and/or stereoisomers thereof, including mixtures thereof in all ratios, and (b) an effec-

tive amount of at least one anticancer agent.




