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Angiogenesis inhibitors

Cross References to Related Applications

This application claims the priority of the
international patent application No. PCT/CH2005/00321,
filed June 9, 2005, the disclosure of which is incorpo-

rated herein by reference in its entirety.

Technical Field

The present invention relates to angiogenesis
inhibitors, in particular receptor tyrosine kinase in-
hibitors, and their use for the treatment of hyperprolif-
erative diseases, angiogenesis and disorders depending dn
angilogenesis such as tumour forming cancers. It also re-
lates to a method of inhibiting angiogenesis or treating
a vascular anomaly in a mammal comprising administering
to the mammal an amount of an Eph receptor inhibitor
which is effective for inhibiting angiogenesis or for

treating the vascular anomaly in the mammal.

Background Art

"Protein kinases, in particular receptor pro-
tein tyrosine kinases (RTK), are key regulators of inter-
cellular communication that controls cell growth, prolif-
eration, differentiation, survival and metabolism. About
20 different RTK families have been identified that share
a similar structure, namely an extracellular binding site
for ligands, a transmembrane region and an intracellular
tyrosine kinase domain. Extracellular ligand binding in-
duces or stabilizes receptor dimerization leading to in-

creased RTK kinase activity. The intracellular catalytic
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domain displays the highest level of conservation among
RTKs and includes the ATP-binding site that catalyzes
protein phosphorylation of e.g. cytoplasmic tyrosine re-
sidues, which serve as docking sites for Src homology 2
(SH2) -and phosphotyrosine-binding (PTB) domain-containing
proteins such as Grb2, Shc, Src, Cbl or phospholipase Cy.
These proteins subsequently recruit additional effectors
containing SH2, SH3, PTB and pleckstrin-~homology (PH) do-
mains to the activated receptor, which results in the as-
sembly of signaling complexes at the membrane and the ac-
tivation of a cascade of intracellular biochemical sig-
nals. The most important downstream signaling cascades
activated by RTKs include the Ras-extracellular regulated
kinase (ERK)-mitogen activated (MAP) kinase pathway, the
phosphoinositide 3-kinase (PI 3-kinase)-Akt and the
JAK/STAT pathway. The complex signaling network triggered
by RTKs eventually leads either to activation or repres-
sion of various subsets of genes and thus defines the
biological response to a given signal.

The activity of RTKs and their mediated cel-
lular signaling is precisely coordinated and tightly con-
trolled in normal cells. Deregulation of the RTK signal-
ing system, either by stimulation through growth factor
and/or through genetic alteration, result in deregulated
tyrosine kinase activity. These aberrations generally re-
sult in RTKs with constitutive or strongly enhanced ki-
nase activity and subsequent signaling capacity, which
leads to malignant transformation. Therefore, they are
frequently linked to human cancer and also to other hy-
perproliferative diseases such as psoriasis. The most im-
portant mechanisms leading to constitutive RTK signaling
include overexpression and/or gene amplification of RTKs,
genetic alterations such as deletions and mutations
within the extracellular domain as well as alterations of
the catalytic site, or autocrine-paracrine stimulation

through aberrant growth factoxr loops.
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For example, in many human cancers, gene am-
plifiéation and/or overexpression of RTKs occurs, which
might increase the response of cancer cells to normal
growth factor levels. Additionally, overexpression of a
specific RTK on the cell surface increases the incidence
of receptor dimerization even in the absence of an acti-
vating ligand. In many cases this results in constitutive
activation of the RTK leading to aberrant and uncon-
trolled cell proliferation and tumour formation. An im-~
portant example for such a scenario is HER2, also known
as ErbB2, that belongs to the epidermal growth factor
(EGF) receptor family of RTKs. Overexpression of HER2 was
found in various types of human cancers, especially in
human breast and ovarian carcinomas. Most importantly,
aberrantly elevated levels of HER2 correlate with more
aggressive progression of disease and reduced patient
survival time. EGFR, which was the first receptor tyro-
sine kinase to be molecularly cloned, also plays a funda-
mental role in tumorigenesis. EGFR is frequently overex-
pressed in non-small-cell lung, bladder, cervical, ovar-
ian, kidney and pancreatic cancer and in squamous-cell
carcinomas of the head and neck. The predominant mecha-

nism leading to EGFR overexpression is gene amplification

- with up to 60 copies per cell reported in certain tu-

mours. In general, elevated levels of EGFR expression are
associated with high metastatic rate and increased tumour
proliferation.

A number of endothelial cell RTKs such as
VEGFR, Tie and ephrin (Eph) RTK are known to be critical
mediators of angiogenesis. Angiogenesis, the formation of
new blood vessels from pre-existing vasculature, is a
multi-step process involving many various factors, which
stimulate endothelial cell proliferation, migration, and
assembly, as well as recruitment of perivascular cells
and extracellular matrix remodelling.

Angiogenesis is implicated in the pathogene-

sis of a variety of disorders, including solid tumours,
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intraocular neovascular syndromes such as proliferative
retinopathies or age-related macular degeneration (AMD),
rheumatoid arthritis, and psoriasis.

Ephrins and their receptors were first iden-
tified as guides for neuronal growth during development.

The Eph family of receptor tyrosine kinases
is the largest known family of RTKs, with 16 receptors
and 9 ligands identified. Homologues of Eph and ephrins
have been found in vertebrate and invertebrate species,
such as mice, Xenopus laevis, zebrafish and Caenorabhdi-
tis elegans.

Unlike other families of RTKs, which bind
soluble ligands, Eph receptors interact with cell sur-
face-bound ephrin ligands. Ephrins attach to the cell
membrane either through a glycosylphosphatidyl inositol
(GPI) anchor (ephrinA) or a transmembrane domain (eph-
rinB). Eph receptors are divided in two subclasses: A and
B, depending on the type of interaction with their
ligands ephrinA, or B. The receptor-ligand interactions
activate signaling pathways in a bi-directional fashion,
through both the Eph receptors and ephrin ligands.

Ephrins and their receptors mediate cellular
repulsion, adhesion, cell attachment to extracellular ma-
trices, and cell migration in various cell types. Their

functions are best studied in the nervous system: they

'govern proper cell migration and positioning during neu-

ral development. They are also active in other cell types
and are important determinants of cell morphogenesis,
tissue patterning, angiogenesis and neural plasticity.
Ephrins and their receptors have been shown to play an
essential role in vascular development during embryogene-
sis and in adult angiogenesis, as key regulators of vas-
cular assembly, arteriovenous differentiation, and bound-
ary formation.

Both EphA and EphB receptors and their
ligands are involved in vascular development. Especially,

ephrin B2 is expressed in arterial endothelial cells,
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whereas its cognate receptor, EphB4 is expressed in ve-
nous endothelial cells. This makes these two molecules
the best markers for arterial and venous endothelial
cells at very early stage of development. Other EphB like
EphBl and EphB3 are also expressed at the sites of neo-
vascularization. EphB2 is found in mesenchyme supporting
cells. Gene knock out experiments of ephBZq', ephB44', or
the double knock out ephBZ'FephBB'ﬁ showed defective ves-
sel remodelling.

Since protein kinases, in particular tyrosine
kinases, have been implicated in a variety of cancer in-
dications, RTKs and the activated signaling cascades rep-
resent promising areas for the development of target-
selective anticancer drugs.

Eph receptors and ephrins are recognized po-
tential targets in angiogenesis and cancer. For reviews
see Cheng, Brantley et al. 2002; Brantley-Sieders, Parker
et al. 2004; Brantley-Sieders and Chen 2004; Surawska, Ma
et al. 2004; Davy and Soriano 2005; Pasguale 2005.

One approach to inhibit aberrant RTK signal-
ing is the development of small-molecule drugs that se-
lectively interfere with their intrinsic tyrosine kinase
activity and thereby block receptor autophosphorylation

and activation of downstream signal transducers.

Disclosure of the invention

Hence, it is a general object of the present
invention to provide compounds having a protein kinase
inhibitory activity which can be used for the treatment
of disorders involving a protein kinase, in particular a
EphB-type RTK, such as hyperproliferative and angiogene-
sis related diseases.

Now, in order to implant this and still fur-
ther objects of the invention, which become more readily
apparent as the description proceeds, said protein ki-
nease inhibitor of the formula I,
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R1 R2
R5
ZN
Nt (1)
Nao N
R4

wherein R1 and RS are independently selected
from hydrogen, halogen, cyano, nitro, CF3, optionally
substituted linear or branched C;-Cg alkyl, optionally
substituted Cq-Cg alkenyl, optionally substituted Cj-Cg
alkinyl, optionally substituted C3-Cg cycloalkyl, alkoxy,
NRgR7, ORg, SRg, (CHp)pnCHRgR7, wherein n is 0, 1, 2, 3, 4
and Rg and R7 are independently selected from hydrogen,
optionally substituted C3—-Cg cycloalkyl, optionally sub-
stituted aryl, optionally substituted 5~ or 6~ membered
heterocycle, (CH2)pC(O)ORg, (CH2)pRg, wherein n is as de-
fined above, Rg is hydrogen, optionally substituted C;-Cg
alkyl, optionally substituted C3-Cg cycloalkyl, option-
ally substituted aryl and Rg is selected from hydrogen,
C1~-Cg alkoxy, optionally substituted C3~Cg cycloalkyl,
optionally substituted aryl, halogen, hydroxyl, NOp, NHjp,
SOpNHp, cyano, and wherein all optional substituents are
selected from the group of methyl, methoxy, halogen, OH,
NOp, NHp, ~-C(0O)OMe, cyano;

Ry and Ry are independently selected from hy-
drogen, optionally substituted linear or branched Cq1-Cg
alkyl, optionally substituted C1-Cg alkenyl, optionally
substituted C1-Cg alkinyl, optionally substituted C3-Cg
cycloalkyl, NRgR7, ORg, SRg, wherein Rg and Ry are inde-
pendently selected from hydrogen, optionally substituted
C3—-Cg cycloalkyl, optionally substituted aryl, optionally
substituted 5~ or 6- membered heterocycle, (CHZ)nC(O)ORS,
(CHp)pnRg, wherein n, Rg and Rg are as defined above;

Ry is hydroxyl, halogen, NH;, NOp, cyano, SH,
optionally substituted Cq1-Cg alkyl, optionally substi-
tuted C3-Cg cycloalkyl, optionally substituted aryl, op-
tionally substituted 5- or 6-membered heterocycle,
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is used for the manufacture of a medicament
for the treatment of a hyperproliferative and/or angio-
genesis related disease.

Preferred compounds of formula I are those
where R1 and R5 are independently selected from hydrogen,
halogen, cyano, nitro, CF3 and methyl, whereby hydrogen,
methyl or OH are most preferred for Rg. In some more pre-
ferred compounds either Ry or Ry is hydrogen, or else
both of them are hydrogen.

The preferences for Ry and Rg are such that
they are independently selected from hydrogen, alkyl or
NHR7, with R7 selected from hydrogen, optionally substi-
tuted C3-Cg cycloalkyl, optionally substituted aryl, op-
tionally substituted 5- or 6- membered heterocycle,
(CHz)nC(O)OR8’ (CHZ)nR9, wherein n is 0, 1, 2, 3, 4, Rg
is hydrogen, C1-Cg alkyl, optionally substituted C3-Cg
cycloalkyl, optionally substituted aryl and Rg is se-
lected from hydrogen, C1-Cg alkoxy, optionally substi-
tuted C3-Cg cycloalkyl, optionally substituted aryl,
halogen, hydroxyl, NOp, NHs, SOpNHpy, cyano. More prefera-
bly RZ is NHR7, and most preferably Ry is an aryl or
preferably a phenyl that can be substituted. From the
substituted phenyls, a single halogen is preferred.

The preference for Ryq is hydrogen, methyl or
NRqgR11, which are independently selected from hydrogen,
methyl or phenylmethyl.

The preference for R3 is C1-Cg alkyl, option-
ally substituted aryl or optionally substituted 5- or 6-
membered heterocycle, and most preferably optionally sub-
stituted phenyl.

Particularly preferred compounds of the pre-
sent invention have an optionally substituted phenyl Rj3
substituent and an Ry substituent NHR7 with R7 being op-
tionally substituted phenyl.

In a second aspect the present invention re-

lates to a compound of formula Ia
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~

R12 (Ia)

NH
7NN
N%N

CHj

wherein R12 is hydrogen or methoxy and R13
and R14 are independently selected from hydrogen, methyl,
halogen. Some of these molecules are preferred forms. R12
can be either hydrogen or methoxy, R13 can be hydrogen,
methyl, or halogen that is preferably selected from C1,
F, Br, and R14 can be hydrogen or halogen that is pref-
erably selected from Cl and F. Any combinations of R12,
R13 and R14 are possible. The preferred combinations are
the molecules No. 3 or No. 41-48, which are shown in Ta-
ble 1 or 2, respectively.

The compounds of the present invention can be
used in medical applications. Preferably, they are used
for the treatment of a disease which involves a tyrosine
kinase, preferably a receptor tyrosine kinase. Among the
RTKs, the eph family of receptor tyrosine kinases, are
particularly preferred targets for inhibition by the
molecules of the present invention; among these more pre-
ferred are the EphB members and most preferred the EphB2
and EphB4 RTKs.

The compounds of the present invention can be
used for the manufacture of a medicament for the treat-
ment of many diseases involving RTKs. These diseases are
hyperproliferative diseases, in particular cancer, and

angilogenesis related diseases.
{
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The compounds of the present invention can as
well be used as research tools in functional genomics,
drug discovery, target validation and ex vivo diagnos-

tics.

Modes for carrying out the invention

In the context of the present invention it
has been surprisingly found that the compounds of formula
I, besides the known analgetic activity of some of them
(US2003/ 0018032), exhibit a tyrosine kinase inhibiting
activity.

In a preferred embodiment the compounds of
the present invention are directed against members of the
Eph family of RTKs, preferably of the EphB type and most
preferred against EphB2 or EphB4.

The compounds of the present invention are
preferably used for the treatment of a hyperproliferative
disease, in particular cancer. They are particularly
suitable for the treatment of a hyperproliferative disor-
der involving a receptor tyrosine kinase of the eph fam-
ily, preferably EphB2 and EphB4, or a tumour involving
the cytoplasmic tyrosine kinase src. The src non-receptor
tyrosine kinase is known to be involved in the develop-
ment of various cancers. For a review see the publication
of Warmuth et al., Curr. Pharm. Des. 2003: 9(25):2043-59.

The present invention also relates to a
method of inhibiting angiogenesis or treating a vascular
anomaly in a mammal comprising administering to the mam-
mal an amount of an Eph receptor inhibitor which is ef-
fective for inhibiting angiogenesis or for treating the
vascular anomaly in the mammal. The Eph familiy of RTKs
are part of a signalling system that is used to regulate
angiogenesis, not only as regulators of vascular remodel-
ing during embryogenesis, but also as regulators of tu-
mour vascularization (Brantley-Sieders and Chen, 2004;
Klagsbrun M. and Eichmann, A. (2005)). Eph RTKs are also
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important for lymphangiogenesis (Tammela et al. 2005), an
important factor in tumour metastasis and inflammation
(Stacker et al. 2004). Therefore, their role in patho-
logic angiogenesis, particularly in cancer and inflamma-
tion, makes the Eph RTKs interesting targets for ap-
proaches in anti-angiogenic therapy.

Preferred diseases treated by administering
the compounds of the present invention are psoriasis, Ka-
posi's sarcoma, restenosis, endometriosis, Crohn's dis-
ease, leukaemia, arthritis, rheumatoid arthritis, heman-
gioma, angiofibroma, diabetic retinopathy, neovascular

glaucoma, renal diseases, glomerulonephritis, diabetic

‘nephropathy, malignant nephrosclerosis, thrombotic mi-

croangiopathic syndromes, transplant rejections, glomeru-
lopathy, cirrhosis of the liver, mesangial cell-
proliferative diseases, arteriosclerosis, injuries of the
nerve tissue. These diseases are triggered by (persis-
tent) angiogenesis.

Thus, the present invention provides a method
of treating diseases or disorders characterized by unde-
sirable or excessive vascularisation, including by way of
example tumours, and especially solid benign and malig-
nant tumours, rheumatoid arthritis, psoriasis, athero-
sclerosis, diabetic and other retinopathies, retrolental
fibroplasia, age-~related macular degeneration, neovascu-
lar glaucoma, hemangiomas, thyroid hyperplasias (includ-
ing Grave's disease), corneal and other tissue transplan-
tation, and chronic inflammation, by administering an ef-
fective amount of an Eph receptor inhibitor to a patient
in need thereof.

The present invention also provides a method
for inhibiting the re-occlusion of vessels after balloon
catheter treatment, for holding vessels open in vascular
prosthetics or after inserting mechanical devices, such
as, e.g., stents, as immunosuppressants, as an aid in

scar-free wound healing, and for treating dermatitis.
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The invention further provides a method of
treating diseases or disorders characterized by undesir-
able or excessive vascular permeability, such as edema
associated with brain tumours, ascites associated with
malignancies, Meigs' syndrome, lung inflammation,
nephrotic syndrome, pericardial effusion (such as that
associated with pericarditis), and pleural effusion.

The Eph receptor inhibitor is further used to
treat a vascular anomaly (e.g. small vessel anomalies)
resulting from estrogen therapy.

The inhibitors are useful in the treatment of
various neoplastic and non-neoplastic diseases and disor-
ders. Cancers and related conditions that are amenable to
treatment include breast carcinomas, lung carcinomas,
gastric carcinomas, esophageal carcinomas, colorectal
carcinomas, liver carcinomas, ovarian carcinomas, theco-
mas, arrhenoblastomas, cervical carcinomas, endometrial
carcinoma, endometrial hyperplasia, endometriosis, fi-
brosarcomas, choriocarcinoma, head and neck cancer, naso-
pharyngeal carcinoma, laryngeal carcinomas, hepatoblas-
toma, Kaposi's sarcoma, melanoma, skin carcinomas, heman-
gioma, cavernous hemangioma, hemangioblastoma, pancreas
carcinomas, retinoblastoma, astrocytoma, glioblastoma,
Schwannoma, oligodendroglioma, medulloblastoma, neuro-
blastomas, rhabdomyosarcoma, osteogenic sarcoma, leiomyo-
sarcomas, urinary tract carcinomas, thyroid carcinomas,
Wilm's tumour, renal cell carcinoma, prostate carcinoma,
abnormal vascular proliferation associated with phakoma-
toses, edema (such as that associated with brain tu-
mours), and Meigs' syndrome.

Advantageously, the compounds of the present
invention are used to treat a benign or malignant neopla-
sia, including for example, but not exclusively, tumours
of the brain, kidney, liver, adrenal gland, bladder,
breast, stomach, ovaries, colon, rectum, prostate pan-
creas, lung, vagina, thyroid, connective tissue (sar-

coma), gastrointestinal tract, tumours of the neck and
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head, tumours derived from cells of the hematopietic sys-
tem (including leukemias, lymphomas and multiple mye-
loma), epidermal hyperproliferation, including for exam-
ple, but not exclusively, prostate hyperplasia.
Non-neoplastic conditions that are amenable
to treatment include rheumatoid arthrits, psoriasis, a-
therosclerosis, diabetic and other proliferative reti-
nopathies including retinopathy of prematurity, retrolen-
tal fibroplasia, neovascular glaucoma, age-related macu-
lar degeneration, diabetic retinopathy, central retinal
vein occlusion, thyroid hyperplasias (including Grave's
disease), corneal and other tissue transplantation,
chronic inflammation, lung inflammation nephrotic syn-
drome, preeclampsia, ascites, pericardial effusion (such
as associated with pericarditis), and pleural effusion.
There exists evidence that receptor tyrosine
kinases of the eph family are involved in the development
of tumours such as breast cancer, liver cancer, gastroin-
testinal cancer, neuroblastomas, leukemias and lymphomas,
prostate cancer, pancreatic cancer, lung cancer, mela-
noma, ovarian cancer, thyrold cancers, sarcomas, renal
carcinomas and epidermoid cancer (M. Nakamoto et al, Mi-
croscopy Research and technique 59:58-62 (2002)). More-
over, several Eph receptors are overexpressed in various
tumour types. In particular, EphB2 expression was pre-
dominantly seen in gastrointestinal and neuronal tumours
in a microarray of different human tumour types (Lugli,
Spichtin et al. 2005). Also, EphB4 has been implicated in
breast cancer, in endometrial hyperplasias and carcino-
mas, small lung carcinomas, colon carcinomas, and bladder
cancer (Dodelet and Pasquale 2000; Liu, Ahmad et al.
2002; Munarini, Jager et al. 2002; Berclaz, Karamitopou-
lou et al. 2003; Xia, Kumar et al. 2005). These tumours
are preferred targets for treatment with the compounds of
the present invention. However, the compounds of the pre-
sent invention can be used for the treatment of all of

the above mentioned types of tumours.
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Eph receptors and in particular those belong-
ing to the EphB family such as EphB4 also participate in
adult hematopoiesis. Primitive human CD34+ hematopoietic
cells undergo accelerated differentiation in the context
of activated EphB4. Inhibitors of EphB4 could also be u-
seful in stem cell expansion because EphB4 modifies the
rate and magnitude of ES cells acquiring genotypic and
phenotypic characteristics of mesoderméi tissues (Wang,
Miura et al. 2002; Wang, Cohen et al. 2004).

The term “protein kinase” as used herein en-
compasses all types of protein kinases such as ser-
ine/threonine kinases, receptor tyrosine kinases and non-
receptor tyrosine kinases.

The term “angiogenesis related disease” as
used herein encompasses diseases depending on or trig-
gered by angiogenesis. '

The compounds of the present invention having
formula I can be prepared by methods described e.g. in WO
01/27111 or in WO 03/031447. The compounds of the present
invention having formula II can be prepared by methods
described e.g. in US 2003/02250098.

The compounds of the invention can be admin-
istered in a variety of dosage forms, e.g. orally, in the
form of tablets, capsules, sugar- or film-coated tablets,
liquid solutions or suspensions; rectally, in the form of
suppositories; parenterally, e.g. intramuscularly, or by
intravenous injection of infusion; or topically. The dos-
age depends on the age, weight, condition of the patient
and administration route.

The pharmaceutical compositions containing
the compounds of the invention are usually prepared fol-
lowing conventional methods and are administered in a
pharmaceutically suitable form.

For example, the solid oral forms may con-
tain, together with the active compound, diluents, e.g.
lactose, dextrose, saccharose, ceilulose, corn starch or

potato starch; lubricants, e.g. silica, talc, stearic
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acid, magnesium or calcium stearate, and/or polyethylene
glycols; binding agents, e.g. starches, arabic gums,
gelatin, methylcellulose, carboxymethylcellulose or poly-
vinyl pyrrolidone; disaggregating agents, e.g. a starch,
alginic acid, alginates or sodium starch glycolate, ef-
fervescing mixtures; dyestuffs; sweeteners; wetting
agents, such as lecithin, polysorbates, laurylsulphates;
and, in general, non-toxic and pharmacologically inactive
substances used in pharmaceutical formulations. Said
pharmaceutical preparations may be manufactured in known
manner, for example by means of mixing, granulating, ta-
bletting, sugar-coating or filmcoating processes.

The liquid dispersion for oral administration
may be, e.g., syrups, emulsions and suspensions.

The syrup may contain as carrier, for exam-
ple, saccharose or saccharose with glycerin and/or manni-
tol and/or sorbitol.

The suspensions and the emulsions may contain
as carrier, for example, a natural gum, agar, sodium
alginate, pectin, methylcellulose, carboxymethylcellulose
or polyvinyl alcohol. The suspensions or solutions for
intramuscular injections may contain, together with the
active compound, a pharmaceutically acceptable carrier,
e.g. sterile water, olive o0il, ethyl oleate, glycols,
€.g. propylene glycol, and, if desired, a suitable amount
of lidocaine hydrochloride.

The solutions for intravenous injections or
infusion may contain as carrier, for example, sterile wa-
ter or, preferably, they may be in the form of sterile
agueous, isotonic saline solutions.

The suppositories may contain, together with
the active compound, a pharmaceutically acceptable car-
rier, e.g. cocoa-butter, polyethylene glycol, a poly-
oxyethylene sorbitan fatty acid ester surfactant or leci-
thin.

Compositions for topical application, e.g.

Creams, lotions or pastes, can be prepared by admixing
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the active ingredient with a conventional oleaginous or
emulsifying excipient.

The compounds of the present invention may be
administered to a patient in form of phamaceutically ac-
ceptable salts. Suitable pharmaceutically-acceptable
salts include acid addition salts such as methane-
sulfonate, fumarate, hydrochloride, citrate, maleate,
tartrate and hydrobromide. Also suitable are salts formed
with phosphoric and sulfuric acid. Further suitable salts
are base salts such as an alkali metal salt for example
sodium, an alkaline earth metal salt for example calcium
or magnesium, an organic amine salt for example triethyl-
amine, morpholine, N-methylpiperidine, N-ethylpiperidine,
procaine, dibenzylamine, N,N-dibenzylethylamine, tris-(2-
hydroxyethyl)amine, N-methyl d-glucamine and amino acids
such as lysine. There may be more than one cation or an-
ion depending on the number of charged functions and the
valency of the cations or anions.

The compounds of the present invention may be
administered in the form of a pro-drug which is broken
down in the human or animal body to give a compound of
the present invention. A prodrug may be used to alter or
improve the physical and/or pharmacokinetic profile of
the parent compound and can be formed when the parent
compound contains a suitable group or substituent which
can be derivatised to form a prodrug. Examples of pro-
drugs include in-vivo hydrolysable esters of a compound
of the present invention or a pharmaceutically-acceptable
salt thereof.

EXAMPLES

The invention is further illustrated by the
following preparations and examples wich should not be
construed to limit the scope of the disclosure. Alterna-
tive pathways and analogous structures will be apparent
to those skilled in the art.
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The following abbreviations are used in the

following examples:

rt = room temperature (ca. 25°C)
Rt = Retention time

AcOH = acetic acid

EtOAc = ethyl acetate

EtOH = ethanol

MeOH = methanol

TFA
NMR
HPLC = high pressure liquid chromatography

trifluoro acetic acid

I

i

nuclear magnetic resonance spectroscopy

LC/MS = liquid chromatography mass spectrome-
try
RP = reverse phase

The following purification methods were ap-
plied to obtain pure samples: Crystallization from typi-
cal organic solvents, flash chromatography on silica gel,
preparative HPLC on RP-silica gel and any combinations
thereof. |

For preparative HPLC, an Agilent Series 1100
Instrument with a Zorbax SB-Cl8 column , 21.2 x 250 mm, 7
1, was used; solvents CHsCN - water (0.1 $ TFA each).

Where HPLC data are presented, analysis was
done on a Agilent Series 1100 Instrument with a Supelco
Discovery C18 column (4.6 x 50 mm, 5 p, detecting at 254
nm and 220 nm; gradient 10 % to 99 % CHsCN within 4 min-
utes, 1 min. at 99 % CHsCN using CH3CN - water (0.1 & TFA
each) solvent system with a flow rate of 2.0 mL / min.
The retention times in minutes are given.

Where NMR Data are presented, 'H sSpectra were
obtained on a Bruker DPX 300 (300.13 MHz) and are re-
ported as ppm down field from tetramethylsilane with the
number of protons.

Where LC/MS data are presented, analysis was
performed using a Micromass 2Q, (150-1000 u), ESI-
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positive spectrometér and Agilent Series 1100 Instrument,
with a YMC-Pack ProC 18 (3 pm), 33x3 mm column; gradient
flow 5 % CHiCN /methanol/ 95% water/ 0.05% formic acid to
100% CH3CN /methanol/ 0% water/ 0.05% formic acid within
3 minutes using CH3;CN /methanol (80:20) - water (0.05%
HCOOH) as solvent system with a flow rate of 1.7 mL/min.
The retention times in minutes and observed parent ion

are given.
INTERMEDIATE 1. 3-Methyl-pyrazin-2-ylamine

N_ .= ‘ 150 °C, autoclave N

In an autoclave, 2-chloro-3-methyl-pyrazine

(1) (10.0 g, 77.8 mmol) was dissolved in dry methanol
(30 mL) . Ammonia gas (60 g) was added. The mixture was
heated to 150°C for 8 hours. (start pressure: 10 bar, end
pressure: 90 bar). After cooling to rt, the mixture was
evaporated to a brown solid, which was dissolved in 1IN
hydrochloric acid (100 mL) and washed with dichloro-
methane. The aqueous layer was slowly poured on cold
saturated aqueous ammonia (150 mL), then extracted with
dichloromethane (3 x 100 mL). The combined organic layers
were dried (NazS0,) and evaporated. The product was ex-
tracted from the residual solid with hot acetone (200
mL) . Evaporation yielded 36 % of 3-methyl-pyrazin-2-
ylamine (2) as a yellow solid.

EXAMPLE 1: (3-Chloro-phenyl)-(8-methyl-2-
phenyl-imidazo[l,2-a]pyrazin-3-yl)-amine (3)



10

15

20

25

WO 2006/131003 PCT/CH2005/000736

18

{(General method A)

3~-Methyl-pyrazin-2-ylamine (2) (109 mg, 1.0
mmol), benzaldehyde (106 mg, 1.0 mmol) and 3-chloro-
phenylisonitrile (138 mg, 1.0 mmol) were dissolved in a
mixture of dry methanol (2.0 mL) and trimethyl orthofor-
mate (2.0 mL) under argon. The mixture was stirred at
60°C for 3 hours, then cooled to rt. An analytically pure
sample of 3 was obtained from the crude product using

preparative HPLC.

EXAMPLE 2: (3,4-Dichloro~phenyl)- (2-phenyl-
imidazo[l,2~alpyrazin-3-yl)-amine (29)

N cat. H,S0,
N H —— NH
\¢7i\
NH

dioxane
2 Argon, 50 °C ’/\ N N\
Cl - molsieve 3A
. N ~ \N
Cl
2-Amino Benzal 3,4-Dichloro 29
pyrazine dehyde “-phenylisonit
rile

(General method B)

2-Amino-pyrazine (95 mg, 1.0 mmol) and ben-
zaldehyde (106 mg, 1.0 mmol) were dissolved in dry diox-
ane (2.0 mL) containing molecular sieves (3A) under ar-
gon. After 5 minutes sulfuric acid (20pL) and 3,4-di-
chloro-phenylisonitrile (172 mg, 1.0 mmol) were added.
The mixture was then stirred at 50°C for 3 hours, cooled
to rt and filtered. The product 29 was obtained by crys-
tallization from acetonitrile.
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EXAMPLE 3: N'8-Benzyl-N'3-(3-chloro-phenyl)-
Z2-phenyl-imidazo{l,2-a]pyrazine-3,8-diamine (22)

1) cat. H,S0,

0] l” dioxane Ci
N Argop, 50 °C
XN " molsieve 3A NH
| —_—
N~ ' :
A e 7NN
Ci Cl NH, Ny
60 °C
HN
2-Amino- Benzal 3-Chloro-
3-chloro dehyde ~ phenyliso
pyrazine - nitrile 22

(General method C for aminosubstituted deri-

vatives)

2-Amino-3-chloro-pyrazine (130 mg, 1.0 mmbl)
and benzaldehyde (106 mg,'i.O mmol) were dissolved in dry
dioxane (3.0 mL) containing molecular sieves (3A) under
Argon. After 5 minutes sulfuric acid (20uL) and 3-chloro-
phenylisonitrile (138 mg, 1.0 mmol) were added. The mix-
ture was then stirred at 50°C for 3 hours, cooled to rt
and filtered. .

Benzylamine (536 mg, 5.0 mmol) was added to
the filtrate and the mixture was heated to 60°C for 20 h.
After cooling to rt, filtration and evaporation to dry-
ness, an analytically pure sample of 22 was obtained from

the crude product using preparative HPLC.

EXAMPLE 4: [2-(4-Amino-phenyl)-imidazoll[l,2-
alpyrazin-3-yl]-(3-chloro~phenyl)-amine (10)
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Cl Cl
Ra/Ni x EtOH
H, 1barrt
NH NH
’\E\/L\\\ N N\)%\ N,
9 10

(General method D for amino-derivatives via
s catalytic reduction of their nitro-precursors)

9 (82 mg, 0.22 mmol) was dissolved in ethyl
acetate (20 mL). 50 mg of Ra/Ni x EtOH were added and the
mixture was hydrogenated (1 bar) at rt for 40 hours. The

10 catalyst was filtered off, washed with ethyl acetate and
the filtrate was evaporated to yield product 10 as a yel-
low solid. Pure 10 was obtained by crystallization from
acetonitrile.

9 was prepared in analogy to General Method A

15 using 4-nitrobenzaldehyde.

20 EXAMPLE 5: 3-[3-(3-Chloro-phenylamino)-
imidazo[1l,2-a]lpyrazin-2-yl]-phenol (32)

Cl AcOH Cl
HBr aq.
reflux

NH OMe
N /N\
I\(\:l;[\l\g_@ '\(\\N

7 ' 32

25
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Synthesis of 32 via methyl ether cleavage of

7 was prepared in analogy to General Method A
using 3-methoxybenzaldehyd. Pure 7 was obtained by crys-
tallization from ethyl acetate / heptane.

7 (50 mg, 0.14 mmol) were refluxed in a mix-
ture of glacial acetic acid {0.5 mL) and aqueous hydro-
bromic acid (5 mL) for 20 hours. After cooling to rt, it
was extracted with dichloromethane (3 x 100 mL). The com-
bined organic layers were was washed with water, satu-
rated sodium bicarbonate solutiqn'and water, then dried
(Naz504) and evaporated. 32 was obtained as a slight yel-
low solid. ‘

EXAMPLE 6: Additional compounds

The following compounds shown in TABLE 1,
TABLE 2, TABLE 3 and TABLE 4 were prepared in accordance
with the methods provided in Examples 1 to 4. Those of
ordinary skill in the art of organic synthesis will rec-
ognize when starting materials or reaction conditions
should be varied to obtain the desired compound.

The analytical data of the compouhds is sum-
marized in TABLE 5

TABLE 1, compounds synthesized according to

General Procedure A

Structure cpd Pyrazine Aldehyde Isonitrile

=]

Q 3-Chloro-

PNy 3 2 . |Benzaldehyde
ﬁ;l;§‘<:> y phenylisonitrile

Me
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Cl
Q ) _ Pyridine-2- 3-Chloro-

Mo 4 |2-Amino-pyrazine o
Ni N\r} @ carbaldehyde phenylisonitrile

Cl

Q Pyridine-3- 3-Chloro-

H 5 |2-Amino-pyrazine )
N(\N = carbaldehyde phenylisonitrile
SN

Cl

Q ) ) Pyridine-4- 3-Chloro-

H 6 [2-Amino-pyrazine L
N/ I carbaldehyde phenylisonitrile
X N

Cl
QH ) 7 boAmi i 3-Methoxy- 3-Chloro-
N OMe ~-AMmino-pyrazine . o
,(\":;S—@ benzaldehyde phenylisonitrile
Q . . N-(4-Formyl- 3-Chloro-

H °>_ 8 [2-Amino-pyrazine ] o
K\N\,} Y phenyl)-acetamide phenylisonitrile

Cl

Q 4-Nitro- 3-Chioro-

H 9 [2-Amino-pyrazine o
(\“‘\{—Q-No benzaldehyde phenylisonitrile
Nay =\ 2

Cl

Q . 3-Chloro-
N/QH' 11 [2-Amino-pyrazine |Acetaldehyde henviisonitrl
Z enylisonitrile
[ §/g; e pheny
Cl
Q . _ 2-Methyl- 3-Chioro-

H 12 |2-Amino-pyrazine . .
(\n%_{“a propionaldehyde [phenylisonitrile
N§/J§N Me

C? " _ ) 3-isocyano-benzoic

’ 13 |2-Amino-pyrazine |Benzaldehyde .

N(N:Q_@ acid methyl ester
Q . . 3-Bromo-

H 14 [2-Amino-pyrazine [Benzaldehyde i
g N/Q_@ phenylisonitrile
SN

Qct
i ) 2-Chloro-
15 [2-Amino-pyrazine [Benzaldehyde

phenylisonitrile
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4-Chloro-

~ H 16 [2-Amino-pyrazine |Benzaldehyde henvlisonitril
N enylisonitrile
Nvg;;% ) pheny
Me~q

) ) 4-Methoxy-

H 17 |[2-Amino-pyrazine |Benzaldehyde .
N phenylisonitrile
X N
oN

Q 4-Nitro-

" 18 [2-Amino-pyrazine [Benzaldehyde R
(\"\%—Q phenylisonitrile
) N
A \ZH : 23 |2-Amino-pyrazine |Benzaldehyde Isocyano-benzene
N%/EN

” o N-(4-Formyl- 3-Bromo-

N \N; @ N phenyl)-acetamide |phenylisonitrile

Me

Q ) ) 3-Methyl-
-~ " 34 [2-Amino-pyraziné |Benzaidehyde henviisonitril
N§);§_<:> phenylisonitrile
Cl
Q 3-Chloro-

H 35 [2-Amino-pyrazine |Benzaldehyde .
m phenylisonitrile
XN

Q . ) 4-Methoxy-
y 36 |2-Amino-pyrazine Isocyano-benzene
0 o benzaldehyde
X N
QH 37 boAm ) 4-Chioro- l b
-Amino-pyrazine socyano-benzene
,Q”\%—Qc» Y benzaldehyde Y
X N
Qm 38 bo.Ami . 4-Morpholino- l b
-Amino-pyrazine socyano-benzene
as a benzaldehyde
OO v
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Q,

Me

39

Benzaldehyde

Isocyano-benzene

TABLE 2,

General Procedure B

compounds synthesized according to

Structure cpd Pyrazine Aldehyde Isonitrile
NO,

Q . 3-Nitro-

N " 25 [2-Amino-pyrazine [Benzaldehyde henviisontil
7NN e itrile
I §)§’N§_<:> phenylisoni

F
q 26 [2-Ami ne [Benzaldohyde | OO
-Amino-pyrazine [Benzaidehyde o
m_@ phenylisonitrile
CF,
Q i 3-Trifluoromethyl-
H 27 [2-Amino-pyrazine |Benzaldehyde .
K“W%;”<:> phenylisonitrile
N%/‘§N
\_/
M 28 [2-Amino-pyrazine [Benzaidehyde 2-Isocyano-pyridine
-0
N%/'*N
Cl o
@ . i 3,4-Di-chloro-
H 29 [2-Amino-pyrazine Benzaldehyde
(“w{;{:> phenylisonitrile
N§)§N
R F
@ . 3,4-Di-fluoro-
H 30 {2-Amino-pyrazine [Benzaldehyde henviisonitil
A enylisonitrile
O pheny
Ccl
3-Chloro-
" 31 |[2-Amino-pyrazine [Furfualdehyde o
Eij;; 9 phenylisonitrile
Q N-(4-Formyl- 3-Chloro-
33 2

phenyl)-acetamide

phenylisonitrile




WO 2006/131003 PCT/CH2005/000736
25
\—/
NH
A 4-Chloro-
Nﬁ);«g—@ 41 Benzaldehyde L
o, phenylisonitrile
QH O-CH,
@\ 12 3-Methoxy- 3-Methy!-
cHy benzaldehyde phenylisonitrile
a,
(\N A S‘Meth I"
Nﬁ):?‘@ 43 Benzaldehyde y )
o, phenylisonitrile
%N&@ 3-Fluoro-
. 44 Benzaldehyde ‘ ,
o, phenylisonitrile
QNH
PN 3,4-Di-fluoro-
Nﬁ)%/»:g—@ 45 Benzaldehyde R
e, phenylisonitrile
&
(\NJ\;_Q 3,4-Di-chloro-
LN 46 Benzaldehyde
&y phenylisonitrile
QH oty 3-Methoxy- 4-Chloro-
oS a7 —
N%N benzaldehyde phenylisonitrile
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| = 3-Methoxy- 3-Chloro-
,@é—@ 48 2 Y N
r" benzaldehyde phenylisonitrile

TABLE 3, compounds synthesized according to

General Procedure C

Structure cpd Pyrazine Aldehyde Isonitrile Amine
& > Armine.3 3-Chloro-
. -Amino-3-
,»N/(; < 22 Benzaldehyde henyli- Benzylamine
"Y'ﬁ? chloro-pyrazine P .
N sonitrile
& P Amine. 3-Chloro-
’ -Amino-3-
A~ 20 Benzaldehyde henyli- Methylamine
N'/\\Yk:ﬁg_@ chloro-pyrazine P o
PN sonitrile
Q o Amin.3 3-Chloro- Dimethy
’ -Amino-3- imethyl-
iy 21 Benzaldehyde henyli-
'@_@ chloro-pyrazine y ¥ y amine
LN sonitrile
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TABLE 4, compounds synthesized according to

General Procedure D

Structure cpd Synthesis

Cl

H
! 10 from 9

HN

H
z 19 from 18

NH,

QH 5
Ay 40 from 2
CL\\;—Q

TABLE 5, analytical déta

Cpd |Name Rt (HPLC) |Rt (LC- |mJ/z 1H NMR (300 MHz,
min. MS) -[|-M+H] DMSO)
min. characteristic sig-
nals [ppm]

3 (3-Chioro~phenyl)-(8- 2.70 1.97 335 8.76, br, 1H; .
methyl-2-phenyi- 7.82,d,4.7 Hz, 1H;
imidazo[1,2-a]pyrazin-3- 2.87,s, 3H
yl)-amine

4 (3-Chloro-pheny!)-(2- 2.02 1.72 322 9.14, d, 1.5 Hz;
pyridin-2-yl-imidazo[1,2- 8.75, s, 1H;
alpyrazin-3-yl)-amine 8.61, m, 1H

5 3-Chloro-phenyl)-(2- 1.69 1.48 322 9.19, m, 2H;
pyridin-3-yl-imidazo[1,2- 8.73, s, 1H;
alpyrazin-3-yh-amine 8.56, m, 1H
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6 (3-Chloro-phenyl)-(2- 1.79 1.25 322 9.17, d, 1.4 Hz,
pyridin-4-yl-imidazo[1,2- 1H;8.85, br, 1H:6.80,
alpyrazin-3-yl)-amine m, 2H

7 (3-Chloro-phenyl)-[2-(3- |2.68 1.92 351 9.13,d, 1.5 Hz, 1H;
methoxy-phenyl)- 8.67, s, 1H;
imidazo[1,2-a]pyrazin-3- 3.73, s, 3H
yll-amine .

8 N-{4-[3-(3-Chloro- 2.24 1.63 378 10.1, br, 1H;
phenylamino)- ‘ 9.24,d, 1.4 Hz, 1H;
imidazo[1,2-a]pyrazin-2- 8.76, br, 1H;
yll-phenyl}-acetamide 2.06, s, 3H

9 (3-Chloro-phenyl)-[2-(4- |2.90 1.99 366 9.19, br, 1H;
nitro-phenyl)- 8.82, br, 1H;
imidazo[1,2-a]pyrazin-3- 6.67, br, 1H
yll-amine

10  |[2-(4-Amino-phenyl)- 1.89 0.85 336 |9.00, br, 1H;
imidazo[1,2-a]pyrazin-3- 8.51, br, 1H;
yi}-(3-chloro-phenyl)- 8.00, m, br, 1H
amine

11 (38-Chloro-phenyl)-(2- 2.04 1.51 259 9.20, d, 1.1 Hz, 1H;
methyl-imidazo[1,2- 8.60, br, 1H;
alpyrazin-3-yl)-amine 2.36, s, 3H

12 |(3-Chioro-phenyl)}-(2- |2.38 1.77 287  |9.33,d, 0.8 Hz, 1H;
isopropyl-imidazo[1,2- 8.63, br, 1H;
ajpyrazin-3-yi)-amine 1.34,d, 6.9 Hz, 6H

13 3-(2~Phenyl- 2.46 1.74 345 9.18, br, 1H;
imidazo[1,2-a]pyrazin-3- 8.76, br, 1H;
ylamino)-benzoic acid 3.82, s, 3H
methyl ester

14 | (3-Bromo-phenyl)-(2- 2.81 1.94 365 9.22,d, 0.9 Hz;
phenyl-imidazo[1,2- 8.74, br, 1H;
alpyrazin-3-yl)-amine 6.48, m, 1H

15 | (2-Chioro-phenyl)-(2- 2.79 1.94 321 9.14, d, 1.5 Hz, 1H;
phenyl-imidazo[1,2- 8.15, s, 1H;
alpyrazin-3-yl)-amine 6.08, m, 1H
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16 | (4-Chloro-phenyl)-(2- 2.80 1.93 321 9.11,d, 1.4 Hz, 1H;
phenyl-imidazo[1,2- 8.57, s, 1H;
alpyrazin-3-yl)-amine 6.54, m, 1H

17 | (4-Methoxy-phenyl)-(2- | 2.41 1.70 317 9.09, d, 1.5 Hz, 1H;
phenyl-imidazo[1,2- 5.76, s, 1H;
alpyrazin-3-yl)-amine 3.64,s, 3H

18 | (4-Nitro-phenyl)-(2- 2.34 1.72 332 9.54, br, 1H;
phenyl-imidazo[1,2- 9.19, br, 1H;
alpyrazin-3-yl)-amine 6.71, m, 2H

19 N-(2-Phenyl- 0.79 302
imidazo[1,2-a)pyrazin-3-
yl)-benzene-1,4-diamine

20 N'3-(3-Chloro-phenyl)- | 2.49 1.64 350 8.44, br, 1H;7.90, m,
N'8-methyl-2-phenyl- 2H;2.92, d, 4.8 Hz, 3H
imidazo[1,2-a]pyrazine-
3,8-diamine

21 N'3-(3-Chloro-phenyl)- 1.66 364
N'8,N'8-dimethyl-2-
phenyl-imidazo[1,2-
alpyrazine-3,8-diamine

22 N'8-Benzyl-N'3-(3- 2.93 2.22 426 8.95, br, 1H;7.99, m,
chloro-phenyl)-2-phenyl- 2H;4.95, m, 2H
imidazo[1,2-a]pyrazine-
3,8-diamine x HCI

23 | Phenyl-(2-phenyl- 2.36 1.75 287 9.11, d, 1.4 Hz, 1H;
imidazo[1,2-alpyrazin-3- 8.41, br, 1H;
yl)-amine 6.52, m, 2H

24 N-{4-[3-(3-Bromo- 2.08 1.68 436 10.0, br, 1H; 8.59, br,
phenylamino)-8-methyl- 1H; 2.05, s, 3H
imidazo[1,2-a]pyrazin-2-
yll-phenvll-acetamide

25 (3-Nitro-phenyl)-(2- 2.35 1.75 332 9.15, d, 1.5 Hz, 1H;
phenyl-imidazo[1,2- 9.03, s, 1H;
alpyrazin-3-yl)-amine 8.85, m, 1H;
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26 (3-Fluoro-phenyl)~(2- 2.36 1.81 305 9.23,d, 1.3 Hz, 1H;
phenyl-imidazo[1,2- 8.76, br, 1H;
alpyrazin-3-yl)-amine 6.31, m, 2H

27 | (2-Phenyl-imidazo[1,2- |2.65 1.97 355 9.18, d, 1.5 Hz,
alpyrazin-3-yl)-(3- 1H;8.88, s, 1H;6.71,
trifluoromethyl-phenyl)- m, 1H
amine

28 | (2-Phenyl-imidazo[1,2- |1.41 1.29 288 9.11,d, 1.4 Hz,
alpyrazin-3-yl)-pyridin-2- 1H;8.06, m, 1H;8.80,
yl-amine m, 2H

29 (3,4-Dichloro-phenyl)-(2- | 2.76 2.03 355 9.15, d, 1.4 Hz, 1H;
phenyl-imidazo[1,2- 8.81, s, 1H;
ajpyrazin-3-yl)-amine 6.50, m, 1H

30 | (3,4-Difluoro-phenyl)-(2- | 2.43 1.85 323 9.11, d, 1.5 Hz,
phenyl-imidazo[1,2- 1H;8.58, s, 1H;6.58,
alpyrazin-3-yl)-amine m, 1H

31 (3-Chloro-phenyl)-(2- 2.31 1.74 311 9.08, d, 1.5 Hz,
furan-2-yl-imidazo[1,2- 1H;8.58, s, 1H;6.43,
alpyrazin-3-yi}-amine m, 1H

32 | 3-[3«(3-Chloro- 2.22 1.70 337 9.32, br, 1H;8.86, br,
phenylamino)- 1H;6.50, m, 1H
imidazo]1,2-alpyrazin-2-
yl}-phenol

33 | N-{4~[3~(3-Chloro- 1.69 392
phenylamino)-8-methyl-
imidazo[1,2-alpyrazin-2-
yil-phenyl}-acetamide

34 | (2-Phenyl-imidazo[1,2- 1.89 301 9.11, d, 1.5 Hz, 1H;
ajpyrazin-3-yl)-m-tolyl- 8.33, s, 1H;
amine 2.16, s, 3H

35 (3-Chloro-phenyt)-(2- 1.82 321 9.12,d, 1.4 Hz, 1H;
phenyl-imidazo[1,2- 8.67, br, 1H;
alpyrazin-3-yl)-amine 6.42, m, 2H

36 [2-(4-Methoxy-phenyl)- 1.76 317 9.06, d, 1.5 Hz;
imidazo[1,2-a]pyrazin-3- 8.34, s, 1H;
yil-phenyl-amine 3.77, s, 34
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37 [2-(4-Chloro-phenyl)- 1.96 321 9.11, d, 1.4 Hz, 1H;
imidazo[1,2-a]pyrazin-3- 8.42, s, 1H;
vil-phenyl-amine 6.51,d,7.6 Hz, 2H

38 [2-(4-Morpholin-4-yl- 1.69 372 9.03, d, 1.5Hz, 1H;

| phenyl)-imidazo[1,2- 3.72, m, 2H;

a)pyrazin-3-yl]-phenyl- 3.15, m, 2H
amine

39 (8-Methyl-2-phenyl- 1.80 301 8.31, br, 1H;
imidazo[1,2-a]pyrazin-3- 8.00, m, 2H;
yl}-phenyi-amine 2.74,s, 3H

40 N-(2-Pheny}- 1.24 302
imidazo[1,2-alpyrazin-3-
vl)-benzene-1,3-diamine

41 (4-Chloro-phenyl)-(8- 2.51 1.98 335 8.55, s, 3H;
methyl-2-phenyl- 8.05, m, 2H;
imidazo[1,2-a]pyrazin-3- 2.82, s, 3H
yh-amine

42 [2-(3-Methoxy-phenyl)- |2.44 1.92 345 8.30, s, 1H;
8-methyl-imidazo[1,2- 3.70, s, 3H;
alpyrazin-3-yll-m-tolyi- 2.15, s, 3H
amine

43 (8-Methyl-2-phenyl- 2.41 1.92 315 8.30, s, 1H;
imidazo[1,2-a]pyrazin-3- 2.82, s, 3H;
yl)-m-tolyl-amine 2.15,s,3H

44 (3-Fluoro-phenyl)-(8- 2.36 1.88 319 8.65, br, 1H;
methyl-2-phenyl- 6.30, m, 2H;
imidazo[1,2-alpyrazin-3- 2.82, s, 3H
yl)-amine

45 (3,4-Difluoro-phenyl)-(8- | 2.41 1.92 337 8.57, s, 3H;
methyl-2-pheny}- 6.28, m, 1H;
imidazo[1,2-a]pyrazin-3- 2.81, s, 3H
vl)-amine

46 (3,4-Dichloro-phenyl)-(8- | 2.69 212 369 8.88, br, 1H;
methyl-2-phenyi- 6.50, m, 1H;
imidazo[1,2-a]pyrazin-3- 2.87, s, 3H
yl)-amine
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47 (4-Chloro-phenyl)-[2-(3- | 2.52 2.00 365 8.55, br, 1H;
methoxy-phenyl)-8- 3.71, s, 3H;
methyl-imidazo[1,2- 2.81, s, 3H
alpyrazin-3-yli-amine

48 (3-Chlioro-phenyl)-{2-(3- {2.51 1.98 365 8.65, br, 1H;
methoxy-phenyl)-8- 3.72, s, 3H;
methyl-imidazo[1,2- 2.82, s, 3H

- | alpyrazin-3-yll-amine

EXAMPLE 7: Assay for EPHB4 kinase activity

Kinase assay protocol

The kinase inhibition activity of the com-
pounds was measured in an in vitro kinase assay.

Briefly, in a final reaction volume of 25 upL,
human EphB4 (N-terminal His6-tagged, recombinant, amino
acids 56l-end, expressed by baculovirus in Sf21 insect
cells; 5-10 mU) was incubated with 8 mM MOPS pH 7.0, 0.2
mM EDTA, 10 mM MnCl;, 0.1 mg/mL poly(Glu, Tyr) 4:1, 10 mM
MgAcetate and [y-*P-ATP] (specific activity approx. 500
cpm/pmol, concentration as required). The reaction was
initiated by the addition of the MgATP mix. After incuba-
tion for 40 min at rt, the reaction was stopped by the
addition of 5 pL of a 3% phosphoric acid solution. 10 ulL
of the reaction was then spotted onto a Filtermat A and
washed three times for 5 min in 75 mM phosphoric acid and
once in methanol prior to drying and scintillation count-

ing.
EXAMPLE 8: Test results

All compounds described in Example 1 to 6
were tested in the assay for EPHB4 activity described in
Example 7 and found to exhibit an ICsy of 6 uM or less.
Certain compounds disclosed in Example 1 to 6 exhibited
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an ICsp of 500 nM or less in this assay. A subset of those
compounds even exhibited an ICsg of 150 nM or less.

While certain embodiments have been shown and
described, numerous modifications and substitutions may
be made without departing from the scope of the inven-
tion. Therefore, present invention has been described by
way of examples and they have to be understood in an il-
lustrative sense only and are not to be interpreted as

limiting this invention in any manner.

EXAMPLE 9: Cellular autophosphorylation assay
(ELISA)

CHO (chinese hamster ovary) cells were stably
transfected with myc-tagged full length human EphB4. A
cell line expressing EphB4 of which the phosphorylation
was inducible with ephrinB2/Fc was identified and called
CHO-EphB4. '

CHO-EphB4 cells were seeded into a 24-well
plate and cultured overnight in HAM~F12/10% FCS/600 pg/ml
hygromycine B. The cells were washed once with PBS and
dilutions of compounds in Ham-F12 medium were added (in
triplicates). Cells were incubated at 37°C for 15 min-
utes. Ligand ephrinB2/Fc (R&D Systems) was added (15 mM
final) and cells were further incubated at 37°C for 45
minutes. Cells were lysed in 120 pl/well of lysis buffer
(20 mM Tris pH8, 150 mM NaCl, 10% glycerol, 1% TritonX-
100, 1 mM NasVOs, 1 mM EDTA pH8, 1 mM EGTA pH8, '1x prote-
ase inhibitor cocktail Sigma). ELISA 96-well plates
(Greiner, Polysorb) were coated with 100 pl/well anti-c-
myc antibody (Sigma) overnight at 4°C, blocked with 300
nl/well 5% milk in TBS/0.005% Tween (TBST) for 1 to 3
hours at room temperature, and incubated with 110 pl/well
cell lysate overnight at 4°C. ELISA plates were washed
twice with TBST and incubated with 100 pl/well anti-Pp-
Tyr-HRP antibody (Upstate) diluted 1:10000 in 5% milk in
TBST for 1.5 hour at RT and developed with 100 pl/well BM
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BluePOD substrate (Roche). Absorbance was measured at 450
nm.

Results:

Compounds measured in the cellular autophos-
phorylation assay showed IC50s in the range of 10 pM to
higher concentrations; a subset of compounds showed IC5L0s

in the range of 1-10 pM.

EXAMPLE 10: Specificity profiling: yeast
growth assay ’

The yeast growth assay was performed as de-
scribed in "Method for the identification and/or valida-
tion of receptor tyrosine kinase inhibitors"
PCT/CH03/00694 (2004/10/24), section “Modes for Carrying
out the Invention, Experiment 1 and Experiment 2.

Briefly, yeast cells carrying plasmids with
the RTK of interest were grown in glucose containing me-
dium (repressing expression). The cultures were diluted
into galactose containing medium, which induces the ex-
pression of the kinase. Expression of the kinase inhibits
growth of the yeast cells, which allows for positive se-
lection of kinase inhibitors restoring growth of cells.
Compounds were titrated at 7 concentrations between 0.2
and 100 pM.

Results:

The results are summarized in Table 6. Speci-
ficity profiling of compounds, using the yeast growth as-
say method described above. "-" indicates no growth res-
toration i.e. no activity against the particular kinase,
"", "+4+", and "+++" indicate activity detected by resto-
ration of growth, classified into three categories of po-
tency according to the maximal level of growth restora-
tion reached and the concentration at which the maximal

growth restoration is reached.
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TABLE 6: Specificity profiling of compounds

cpd n° EphB4 EphB2 EphA2 RET EGFR(L858R) ExrbB2
34 + - - - - - -

35 + - - + + -
39 +++ +++ + + + -
3 +4+ ++ - - + -
7 + ~ - + - + -
14 - - ~ - - -
16 + ~ - + - -
43 +++ ++ ~ - - -
44 +++ +++ ~ - + -
45 +4++ ++ - - - -
23 ++ +4+ + + + -
42 ++ +++ + - (+) ND
48 ++ +4+4+ + - (+) ND
10 +4++ ++ ++ - (+) ND
26 ++ + - - (+) ND
30 ++ + - - (+) ND
33 +4++ +4+4 + - (+) ND
38 ++ ++ + - (+) ND
12 + + + - (+) ND
8 ++ +-+ + - (+) ND
20 - .- - - (=) ND

(+) in a different yeast background
ND not determined
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cpd n°
34
35
39
3
7
14
16
43
44
45
23
42
48
10
26
30
33
38
12
8
20

cpd n°
34
35
39
3
7
- 14
16
43
44
45
23
42
48
10
26
30
33
38
12
8
20

InsR IGF~1R PDGFRa PDGFRb

36

KIT

FLT3 TEK CSF-1R FGFR-1 FGFR-2

PCT/CH2005/000736

VEGFR1 VEGFR2

FGFR-3 FGFR-4
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Enlarged structural formulas of the compounds

of Tables 1 to 4
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Claims

1. Use of a kinase inhibitor of formula I

wherein R1 and R5 are independently selected
from hydrogen, halogen, cyano, nitro, CF3, optionally
substituted linear or branched C1-Cg alkyl, optionally
substituted C1-Cg alkenyl, optionally substituted C1-Cg
alkinyl, optionally substituted C3-Cg cycloalkyl, alkoxy,
NRgR7, ORg, SRg, (CHp)CHRgR7, wherein n is 0, 1, 2, 3, 4
and Rg and Ry are independently selected from hydrogen,
optionally substituted C3-Cg cycloalkyl, optionally sub-
stituted aryl, optionally substituted 5- or 6~ membered
heterocycle, (CHpynC(O)ORg, . (CH2)pRg, wherein n is as de-
fined above, Rg is hydrogen, optionally substituted C1-Cg
alkyl, optionally substituted C3-Cg cycloalkyl, option-
ally substituted aryl and Rg is selected from hydrogen,
C1-Cg alkoxy, optionally substituted C3-Cg cycloalkyl,
optionally substituted aryl, halogen, hydroxyl, NOp, NHj,
SOpNHyp, cyano, and wherein all optional substituents are
selected from the group of methyl, methoxy, halogen, OH,
NOp, NHp, -C(O)OMe, cyano;

Ry and Ry are independently selected from hy

\

drogen, optionally substituted linear or branched C1-Cg
alkyl, optionally substituted C1-Cg alkenyl, optionally
substituted C3-Cg alkinyl, optionally substituted C3-Cg
cycloalkyl, NRgR7, ORg, SRg, wherein Rg and Ry are inde-
pendently selected from hydrogen, optionally substituted
C3-Cg cycloalkyl, optionally substituted aryl, optionally
substituted 5~ or 6- membered heterocycle, (CHp)nC(O)ORg,
(CHp)nRg, wherein n, Rg and Rg are as defined above;
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R3 1s hydroxyl, halogen, NHj, NO2, cyano, SH,
optionally substituted Ci-Cg alkyl, optionally substi-
tuted C3-Cg cycloalkyl, optionally substituted aryl, op-
tionally substituted 5- or 6-membered heterocycle, 4

for the manufacture of a medicament for the
treatment of a hyperproliferative and/or angiogenesis re-
lated disease.

2. The use of claim 1 wherein R; and Ry are
independently selected from hydrogen, halogen, cyano, ni-
tro, CF3 and methyl. '

3. The use of claim 2 wherein Rg is hydro-
gen, methyl, or OH. ‘

4. The use of anyone of claims 1 to 3,

wherein either Rq or Ry is hydrogen.

5. The use of anyone of claims 1 to 3
wherein both R7 and Ry are hydrogen.

6. The use of anyone of claims 1 to 5,
wherein Rp and Ryq are independently selected from hydro-
gen, alkyl or NHR7 with Ry as defined in claim 1.

7. The use of anyone of claims 1 to 5,
wherein R2 is NHR7.

8. The use of claim 7 wherein Rq is option-
ally substituted aryl.

9. The use of claim 7 or 8 wherein Ry is

optionally substituted phenyl.

10. The use of anyone of claims 7 to 9
wherein the substituents are selected from C;-C¢ alkyl,
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preferably methyl, halogen, methoxy, C(O)OMe, hydroxyl,
NOo, NH»p.

11. The use of anyone of claims 7 to 10,
wherein R7 is mono-halogenated aryl.

12. The use of anyone of the preceding

claims, wherein R4 1s hydrogen.

13. The use of anyone of the claims 1 to 11,

wherein Rgq is methyl.

14. The use of anyone of the claims 1 to 11,
wherein Ryg is NRjgRj1j, wherein Rjp and Rjj are independ-
ently selected from hydrogen, methyl or phenylmethyl.

15. The use of anyone of the preceding
claims, wherein R3 is optionally substituted C;-Cg alkyl,
optionally substituted aryl or optionally substituted 5-
or 6-membered heterocycle, with substituents as defined

in claim 10.

16. The use of claim 13, wherein R3 is op-
tionally substituted phenyl with substituents as defined

in claim 10.

17. The use of claim 16, wherein Rp is NHR7y
with Ry being optionally substituted phenyl.

18. The use of anyone of the preceding
claims, wherein the disease is a (hyper)proliferative

disease.

19. The use of claim 18, wherein the disease

is a benign or malignant tumour.
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20. The use of claim 18, wherein the disease
is a benign or malignant neoplasia, including for exam-—
ple, but not exclusively, tumours of the brain, kidney,
liver, adrenal gland, bladder, breast, stomach, ovaries,
rectum, prostate pancreas, lung, vagina, thyroid, connec-
tive tissue (sarcoma), gastrointestinal tract, tumours of
the neck and head, tumours derived from cells of the he-
matopietic system (including leukemias, lymphomas and
multiple myeloma), epidermal hyperproliferation, includ-
ing for example, but not exclusively, prostate hyperpla-

sia.

21. The use of claim 20, wherein the disease
is a gastric tumour, colon carcinoma, colorectal adenoma,

psoriasis, mammary carcinoma or leukaemia.

22. The use of anyone of claims 1 to 17,

wherein the disease is related to angiogenesis.

23. The use of anyone of claims 1-17 or 22,
wherein the disease is psoriasis, Kaposi's sarcoma,
restenosis, endometriosis, Crohn's disease, leukaemia,
arthritis, rheumatoid arthritis, hemangioma, angiofi-
broma, diabetic retinopathy, age-related macular degen-
eration, neovascular glaucoma, renal diseases, glomeru-
lonephritis, diabetic nephropathy, malignant nephroscle-
rosis, thrombotic microangiopathic syndromes, transplant
rejections, glomerulopathy, cirrhosis of the liver, me-
sangial cell-proliferative diseases, arteriosclerosis,

injuries of the nerve tissue.

24. The use of claim 22 for inhibiting the
re-occlusion of vessels after balloon catheter treatment,
for holding vessels open in vascular prosthetics or after
inserting mechanical devices, such as, e.g., stents, as
immunosuppressants, as an aid in scar-free wound healing,

and for treating dermatitis.



10

15

20

25

30

35

WO 2006/131003 PCT/CH2005/000736

25. The use of anyone of the preceding
claims, wherein the kinase inhibitor is an inhibitor of a
member of the ephrin (Eph) family of receptor tyrosine

kinases.
26. The use of claim 25, wherein the kinase
inhibitor is an inhibitor of a member of the ephrin B fa-

miliy of receptor tyrosine kinases.

27. The use of claim 26, wherein the kinase

is an ephrin B2 or ephrin B4 receptor tyrosine kinase.

28. The use of a kinase inhibitor of anyone

of claims 1-10, 13 or 14, having formula Ia

R14 R13

~

Ia
NH R12 :

S8
N%N

CHg

wherein R12 is hydrogen or methoxy and R13 and R1l4 are
independently selected from hydrogen, methyl, halogen.

29. The use of claim 28, wherein R12 is hy-
drogen and either R13 or R14 is H.

30. The use of claim 28 or 29 wherein R13
is methyl, Cl, Br, or F.

31. The use of claim 28, wherein R12 is hy-
drogen, and R13 and R14 are both either F or Cl.
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32. The use of claim 28 wherein R12 is meth-

oxy, R13 is methyl and R14 is hydrogen.

33. The use of claim 28 wherein R12 is meth-

oxy, R13 is hydrogen and R14 is Cl.

34. The use of claim 28 wherein R12 is meth-

oxy, R13 is Cl and R14 is hydrogen.

35. The use of claim 28 wherein R12 is meth-

oxy, R13 is methyl and R14 is hydrogen.

36. The compounds of the formula Ia as de-

fined in anyone of claims 28-35 as a pharmaceutical.

37. The compounds as defined in anyone of
claims 28 to 35.

38. A pharmaceutical composition comprising

a compound as defined in anyone of claims 28 to 35.

39. A pharmaceutical composition comprising
a compound as defined in anyone of claims 28 to 35 and an

acceptable pharmaceutical carrier.

40. A method for inhibiting angiogénesis or
treating a vascular anomaly in a mammal comprising admin-
istering to the mammal an amount of an Eph receptor in-
hibitor of the formula I according to anyone of claims 1
to 17 or the formula Ia as defined in anyone of claims
28-35, which is effective for inhibiting angiogenesis or

for treating the vascular anomaly in the mammal.

41. TUse of a compound as defined in anyone
of claims 1 to 17, or 28-35 as research tool in func-

tional genomics.
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diagnostics.
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43.

to
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to
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Use of a compound as defined in anyone

17 or 28-35 as research tool in drug dis-

Use
17 or

Use
17 or

of a compound as defined in anyone

28-35 as research tool in target

of a compound as defined in anyone

28-35 as research tool in ex vivo
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