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Bezimidazole derivatives as adenosine receptor antagonists

The invention relates to benzimidazole derivatives of the general formula |,

and the use of the compounds of the present invention for the treatment and/or
prevention of hyperproliferative or infectious diseases and disorders in mammals,

especially humans, and pharmaceutical compositions containing such compounds.

Background of the invention

Adenosine Is an ubiguitous modulator of numerous physiological activities,
particularly within the cardiovascular, nervous and immune systems. Adenosine Is
related both structurally and metabolically to the bioactive nucleotides adenosine
triphosphate (ATP), adenosine diphosphate (ADP), adenosine monophosphate
(AMP) and cyclic adenosine monophosphate (CAMP), to the biochemical

methylating agent S-adenosyl-L-methione (SAM) and structurally to the coenzymes
NAD, FAD and coenzym A and to RNA.

Via cell surface receptors, adenosine modulates diverse physiological functions
iIncluding induction of sedation, vasodilatation, suppression of cardiac rate and
contractility, inhibition of platelet aggregability, stimulation of gluconeogenesis and
iInhibition of lipolysis. Studies show that adenosine Is able to activate adenylate
cyclases, open potassium channels, reduce flux through calcium channels, and

iInhibit or stimulate phosphoinositide turnover through receptor-mediated
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mechanisms (Muller C. E. and Stein B., Current Pharmaceutical Design, 2: 501,
1996; Muller C. E., Exp. Opin. Ther. Patents, 7(5): 419, 1997).

Adenosine receptors belong to the superfamily of G-protein-coupled receptors
(GPCRs). Four major subtypes of adenosine receptors have been
pharmacologically, structurally and functionally characterized (Fredholm et al.,
Pharm. Rev., 46: 143-156, 1994) and referred to as A1, Aza, Azs and As. Though the
same adenosine receptor can couple to different G-proteins, adenosine A and As
receptors usually couple to inhibitory G-proteins referred to as G; and Go which
iInhibit adenylate cyclase and down-regulate cellular cAMP levels. In contrast, the
adenosine Aza and Az receptors couple to stimulatory G-proteins referred to as

Gs that activate adenylate cyclase and increase intracellular levels of cCAMP (Linden
J., Annu. Rev. Pharmacol. Toxicol., 41:

775-87 2001).

According to the invention, "adenosine-receptor-selective ligands" are substances
which bind selectively to one or more subtypes of the adenosine receptors, thus
either mimicking the action of adenosine (adenosine agonists) or blocking its action
(adenosine antagonists). According to their receptor selectivity, adenosine-receptor-
selective ligands can be divided into different categories, for example ligands which
bind selectively to the A1 or Az receptors and in the case of the latter also, for
example, those which bind selectively to the Aza or the Azg receptors. Also possible
are adenosine receptor ligands which bind selectively to a plurality of subtypes of
the adenosine receptors, for example ligands which bind selectively to the A4 and
the Ay, but not to the As receptors. The abovementioned receptor selectivity can be
determined by the effect of the substances on cell lines which, after stable
transfection with the corresponding cDNA, express the receptor subtypes in
question (Olah, M. E. et al., J. Biol. Chem., 267: 10764-10770, 1992). The effect of
the substances on such cell lines can be monitored by biochemical measurement of
the intracellular messenger cAMP (Klotz, K. N. et al., Naunyn Schmiedebergs Arch.
Pharmacol. 357: 1-9, 19938).

It is known that the A receptor system include the activation of phospholipase C

and modulation of both potassium and calcium ion channels. The Az subtype, In
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addition to its association with adenylate cyclase, also stimulates phospholipase C

and so activates calcium 1on channels.

The A1 receptor (326-328 amino acids) was cloned from various species (canine,
human, rat, dog, chick, bovine, guinea-pig) with 90-95 % sequence identify among
the mammalian species. The Axa receptor (409-412 amino acids) was cloned from
canine, rat, human, guinea pig and mouse. The Az receptor (332 amino acids) was
cloned from human and mouse with 45 % homology of human Az with human A
and Aoa receptors. The Az receptor (317-320 amino acids) was cloned from human,
rat, dog, rabbit and sheep.
10
The Aq and Aza receptor subtypes are proposed to play complementary roles in
adenosine's regulation of the energy supply. Adenosine, which is a metabolic
product of ATP, diffuses from the cell and acts locally to activate adenosine
receptors to decrease the oxygen demand (A4 and Asz) or increase the oxygen
15 supply (A2a) and so reinstate the balance of energy supply / demand within the
tissue. The actions of both subtype is to increase the amount of available oxygen to
tissue and to protect cells against damage caused by a short term imbalance of
oxygen. One of the important functions of endogenous adenosine is preventing
damage during traumas such as hypoxia, ischaemia, hypotension and seizure
activity. Furthermore, it iIs known that the binding of the adenosine receptor agonist
20 to mast cells expressing the rat As receptor resulted in increased inositol
triphosphate and intracellular calcium concentrations, which potentiated antigen
iInduced secretion of inflammatory mediators. Therefore, the Az receptor plays a role

In mediating asthmatic attacks and other allergic responses.

25 These adenosine receptors are encoded by distinct genes and are classified

according to their affinities for adenosine analogues and methylxanthine
antagonists (Klinger et al., Cell Signal., 14 (2): 99-108, 2002).

Concerning the role of adenosine on the nervous system, the first observations

were made on the effects of the most widely used of all psychoactive drugs being
30 caffeine. Actually, caffeine is a well-known adenosine receptor antagonist that is
able to enhance the awareness and learning abilities of mammals. The adenosine

Aoa receptor pathway is responsible for these effects (Fredholm et al., Pharmacol.
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Rev., 51 (1): 83-133, 1999; Huang et al., Nat Neurosci., 8 (7): 858-9, 2005), and the
effects of caffeine on the adenosine Aza receptor signaling pathway encouraged the

research of highly specific and potent adenosine Aza antagonists.

In mammals, adenosine Aza receptors have a limited distribution in the brain and
are found in the striatum, olfactory tubercle and nucleus acumbens (Dixon et al., Br.
J. Pharmacol., 118 (6): 1461-8, 1996). High and intermediate levels of expression
can be observed in immune cells, heart, lung and blood vessels. In the peripheral
system, Gz seems to be the major G-protein associated with adenosine

Aoa receptor but in the striatum, it has been shown that striatal adenosine Axa
receptors mediate their effects through activation of a G-protein referred to as Golf
(Kull et al., Mol. Pharmacol., 58 (4): 772-7, 2000), which is similar to Gs and also

couples to adenylate cyclase.

To date, studies on genetically modified mice and pharmacological analysis suggest
that Aza receptor is a promising therapeutic target for the treatment of central
nervous system (CNS) disorders and diseases such as Parkinson's disease,
Huntington's disease, attention deficit hyperactivity disorders (ADHD), stroke
(ischemic brain injury), and Alzheimer's disease (Fredholm et al., Annu. Rev.
Pharmacol. Toxicol., 45: 385-412, 2005; Higgins et al.; Behav. Brain Res. 185: 32-
42, 2007; Dall' Igna et al., Exp. Neurol., 203 (1): 241-5, 2007; Arendash et al.,
Neuroscience, 142 (4): 941-52, 20006; Trends in Neurosci., 29 (11), 647-654, 2006;
Expert Opinion Ther. Patents, 17, 979-991, 2007; Exp. Neurol., 184 (1), 285-284,
2003; Prog. Brain Res, 183, 183-208, 2010; J. Alzheimer Dis., Suppl 1, 1 17-126,
2010; J. Neurosci., 29 (47), 14741-14751, 2009; Neuroscience, 166 (2), 590-603,
2010; J. Pharmacol. Exp. Ther., 330 (1), 294-303, 2009; Frontiers Biosci., 13, 2614-
2632, 2008) but also for various psychoses of organic origin (Weiss et al.,
Neurology, 61 (11 Suppl 6): 88-93, 2003).

The use of adenosine Aza receptor knockout mice has shown that adenosine Aza
receptor inactivation protects against neuronal cell death induced by ischemia
(Chen et al., J. Neurosci., 19 (21): 9192-200, 1999 and Monopoli et al.,
Neuroreport, 9 (17): 3955-9, 1998) and the mitochondrial toxin 3-NP (Blum et al., J.
Neurosci., 23 (12): 5361-9, 2003). Those results provided a basis for treating

iIschasmia and Huntington's disease with adenosine Aa antagonists. The blockade
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of adenosine Axa receptors has also an antidepressant effect (El Yacoubi et al.,
Neuropharmacology, 40 (3): 424-32, 2001). Finally, this blockade prevents memory
dysfunction (Cunha et al., Exp. Neurol., 210 (2): 776-81, 2008; Takahashi et al.,
Front. Biosci., 13: 2614-32, 2008) and this could be a promising therapeutic route

for the treatment and/or prevention of Alzheimer's disease.

For reviews concerning Aza adenosine receptors see e.g. Moreau et al. (Brain Res.
Reviews 31: 65-82, 1999) and Svenningsson et al. (Progress in Neurobiology 59:
355-390, 1999).

To date, several adenosine Axa receptor antagonists have shown promising
potential for treatment of Parkinson's disease. As an example, KW-6002
(Istradefylline) completed a phase lll clinical trial in the USA after studies
demonstrated its efficacy in alleviation of symptoms of the disease (Bara-Himenez
et al., Neurology, 61 (3): 293-6, 2003 and Hauser et al., Neurology, 61 (3): 297-303,
2003). SCH420814 (Preladenant), which is now in phase Il clinical trial in the USA
and produces an improvement in motor function in animal models of Parkinson's
disease (Neustadt et al., Bioorg. Med. Chem. Lett., 17 (5): 1376-80, 2001) and also
iIn human patients (Hunter J. C, poster Boston 2006 - http://www.a2apd.org/Speaker
abstracts/Hunter.pdf).

Besides the welcome utility of Axa receptor antagonists to treat neurodegenerative
diseases, those compounds have been considered for complementary symptomatic
indications. These are based on the evidence that Aza receptor activation may
contribute to the pathophysiology of a range of neuropsychiatric disorders and
dysfunctions such as depression, excessive daytime sleepiness, restless legs
syndrome, attention deficit hyperactivity disorder, and cognitive fatigue (Neurology,
61 (Suppl 6), 82-87, 2003; Behav. Pharmacol., 20 (2), 134-145, 2009; CNS Drug
Discov., 2 (1), 1-21, 2007).

Some authors suggest the application of Axa antagonists for the treatment of
diabetes (WO1999035147; WO2001002400). Other studies suggest the
involvement of Aza adenosine receptors in wound healing or atrial fibrillation (Am. J.
Path., 6, 1774- 1778, 2007; Arthritis & Rheumatism, 54 (8), 2632-2642, 20006).
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Some of the potent adenosine Aza antagonists discovered in the past by the
pharmaceutical companies, have advanced into clinical trials showing positive
results and demonstrating the potential of this compound class for the treatment of
neurodegenerative disorders like Parkinson's, Huntington's or Alzheimer's disease,
but also in other CNS related diseases like depression, restless syndrome, sleep
and anxiety disorders (Clin. Neuropharmacol., 33, 55-60, 2010; J. Neurosci., 30
(48), 2010), 16284-16292; Parkinson Relat. Disord., 16 (6), 423-426, 2010; Expert
Opinion Ther. Patents, 20(8), 987-1005, 2010; Current Opinion in Drug Discovery &
Development, 13 (4), 466-480 ,2010 and references therein; Mov. Disorders, 25 (2),
S305, 2010).

Known Aaa inhibitors are Istradefylline (KW-6002), Preladenant (SCH420814),
SCH58261, CGS15943, Tozadenant, Vipadenant (V-2006), V-81444 (CPI-444,
HTL-1071, PBF-509, Medi-9447, PNQ-370, ZM-241385, ASO-5854, ST-1535, ST-
4206, DT1133 and DT-0926, which are in most cases developed for Parkinson’s

disease.

Adenosine Azg receptors were cloned from rat hypothalamus (Rivkees and Reppert,
1992), human hippocampus (Pierce et al., 1992), and mouse mast cells (Marquardt
et al., 1994), employing standard polymerase chain reaction techniques with
degenerate oligonucleotide primers designed to recognize conserved regions of
most G protein-coupled receptors. The human Azgreceptor shares 86 to 87% amino
acid sequence homology with the rat and mouse Azg receptors (Rivkees and
Reppert, 1992; Pierce et al., 1992; Marquardt et al., 1994) and 45% amino acid
sequence homology with human Aq and Aza receptors. As expected for closely
related species, the rat and mouse Azg receptors share 96% amino acid sequence
homology. By comparison, the overall amino acid identity between A4 receptors
from various species is 87% (Palmer and Stiles, 1995). Axareceptors share 90% of
homology between species (Ongini and Fredholm, 1996), with most differences
occurring in the 2" extracellular loop and the long C-terminal domain (Palmer and
Stiles, 1995). The lowest (72%) degree of identity between species is observed for

As receptor sequences (Palmer and Stiles, 19995).

The adenosine analog NECA remains the most potent Axg agonist (Bruns,
1981; Feoktistov and Biaggioni, 1993, 1997; Brackett and Daly, 1994), with a
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concentration producing a half-maximal effect (ECso) for stimulation of adeny!
cyclase of approximately 2 uyM. It is, however, nonselective and activates other
adenosine receptors with even greater affinity, with an ECso in the low nanomolar
(A1 and Axa) or high nanomolar (Az) range. The characterization of Azg receptors,
therefore, often relies on the lack of effectiveness of compounds that are potent and
selective agonists of other receptor types. Azs receptors have been characterized
by a method of exclusion, i.e., by the lack of efficacy of agonists that are specific for
other receptors. The Aza selective agonist CGS-21680 (Webb et al., 1992), for
example, has been useful in differentiating between Aza and Azs adenosine
receptors (Hide et al., 1992; Chern et al., 1993; Feoktistov and Biaggioni, 1995; van
der Ploeg et al., 1996). Both receptors are positively coupled to adenyl cyclase and
are activated by the nonselective agonist NECA. CGS-21680 is virtually ineffective
on Azg receptors but is as potent as NECA in activating Axa receptors, with an

ECso In the low nanomolar range for both agonists (Jarvis et al., 1989; Nakane and
Chiba, 1990; Webb et al., 1992; Hide et al., 1992; Feoktistov and Biaggioni,

1993; Alexander et al., 1996). Ass receptors have also a very low affinity for the
Aiselective agonist R-PIA (Feoktistov and Biaggioni, 1993; Brackett and Daly,
1994) as well as for the Az selective agonist N°-(3-iodobenzyl)-N-methyl-5'-
carbamoyladenosine (IB-MECA) (Feoktistov and Biaggioni, 1997). The agonist
profile NECA > R-PIA = IB-MECA > CGS-21680 was determined in human
erythroleukemia (HEL) cells for Axg-mediated cAMP accumulation. The difference
between ECso for NECA and the rest of the agonists is approximately 2 orders of
magnitude. Therefore, responses elicited by NECA at concentrations in the low
micromolar range (1-10 yM), but not by R-PIA, IB-MECA or CGS-21680, are

characteristic of Azp receptors.

Whereas Azg receptors have, in general, a lower affinity for agonists compared to
other receptor subtypes, this is not true for antagonists. The structure activity
relationship of adenosine antagonists on Agg receptors has not been fully
characterized, but at least some xanthines are as or more potent antagonists of Azg
receptor subtypes than of other subtypes. In particular, DPSPX (1,3-dipropyl-38-
sulphophenylxanthine), DPCPX (1,3-diproyl-8c-yclopentylxanthine), DPX (1,3
diethylphenylxanthine), the antiasthmatic drug enprofylline (3-n-propylxanthine) and

the non-xanthine compound 2,4-dioxobenzopteridine (alloxazine) have affinities in
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the mid to high nM range.

Other known Agg inhibitors are ATL801, PSB-605, PSB-1115, ISAM-140, GS6201,
MRS1706 and MRS1754.

It is disclosed herein that adenosine receptors play a non-redundant role in down-
regulation of inflammation in vivo by acting as a physiological "STOP" (a termination
mechanism) that can limit the iImmune response and thereby protect normal tissues

form excessive immune damage during pathogenesis of different diseases.

Aoareceptor antagonists provide long term enhancement of immune responses by
reducing T-cell mediated tolerance to antigenic stimuli, enhancing the induction of
memory T cells and enhancing the efficacy of passive antibody administration for
the treatment of cancer and infectious diseases while Az receptor agonists provide
long term reduction of immune responses by enhancing T-cell mediated tolerance
to antigenic stimuli, in particular to reduce use of Immunosuppressive agents in

certain conditions.

Immune modulation is a critical aspect of the treatment of a number of diseases
and disorders. T cells in particularly play a vital role in fighting infections and have
the capabillity to recognize and destroy cancer cells. Enhancing T cell mediated
responses Is a key component to enhancing responses to therapeutic agents.
However, it is critical in immune modulation that any enhancement of an immune
response Is balanced against the need to prevent autoimmunity as well as chronic
inflammation. Chronic inflammation and self-recognition by T cells is a major cause
for the pathogenesis of systemic disorders such as rheumatoid arthritis, multiple
sclerosis and systemic lupus erythematosus. Furthermore, long term
Immunosuppression is required in preventing rejection of transplanted organs or

grafts.

Tumor-induced immunosuppression is @ major hurdle to the efficacy of current
cancer therapies. Because of their remarkable clinical efficacy against a broader
range of cancers, recent successes with immune checkpoint blockade inhibitors

such as anti-CTLA-4 and anti-PD-1/PDL1 are revolutionizing cancer treatment.
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Adenosine is one of the new promising iImmunosuppressive targets revealed In
preclinical studies. This metabolite is produced by the ectoenzyme - CD/73
expressed on host suppressor cells and tumor cells. Increased expression of CD /73
correlates with poor prognosis in patients with a number of cancers, including
colorectal cancer (Liu et al, J. Surgical Oncol, 2012), gastric cancer (Lu et al., World
J. Gastroenterol., 2013), gallbladder cancer (Xiong et al., Cell and Tissue Res.,
2014). Preclinical studies demonstrated that protumor effects of CD73 can be
driven (at least in part) by adenosine-mediated immunosuppression. As disclosed
above, adenosine binds to four known receptors A1, Aza, A2, and As, with the
activation of A2a and Azgs receptors known to suppress the effector functions of
10 many immune cells, i.e. Aoa and Agg receptors induce adenylate-cyclase-dependent
accumulation of cCAMP leading to iImmunosuppression. Since antagonizing As and
Az would counteract the desired effect and A1 and As agonists serve as potential
cardioprotective agents, selectivity towards A1 and Az needs to be achieved
(Antonioli et al., Nat. rev. Cancer, 2013, Thiel et al., Microbes and Infection, 2003).
15 In the microenvironment of the tumor, both A2a and Azg receptor activation has been
demonstrated to suppress antitumor immunity and increase the spread of CD73
tumors. In addition, either Aza or A2s blockade with small molecule antagonists can
reduce tumor metastasis. It has been found that blocking of Aza receptor can
overcome tumor escape mechanisms including both anergy and regulatory T cell
iInduction caused by tumor cells and cause long-term tumor susceptibility to
20 treatment. Ohta et al. demonstrated rejection of approximately 60% of established
CL8-1 melanoma tumors in Aza receptor-deficient mice compared to no rejection in
normal mice (Ohta, et al.; PNAS 103 (35): 13132-7, 2006). In agreement, the
investigators also showed improved inhibition of tumor growth, destruction of
metastases and prevention of neovascularization by anti-tumor T cells after

25 treatment with an Aza receptor antagonist.

Tumors have been shown to evade immune destruction by impeding T cell
activation through inhibition of co-stimulatory factors in the B7-CD28 and TNF
families, as well as by attracting regulatory T cells, which inhibit anti-tumor T cell
responses (Wang, Cancer. Semin. Cancer. Biol. 16: 73-79, 2006; Greenwald, et al.,
Ann. Rev. Immunol. 23: 515-48, 2005; Watts, Ann. Rev. Immunol. 23: 23-68, 2005;
Sadum et al., Clin. Cane. Res. 13 (13): 4016-4025, 2007). Because Axa receptor

expression is increased in lymphocytes following activation, therapies that liberate

30
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lymphocyte effector responses, such as anti-CTLA-4 and anti-PD-1, may also
increase the effects of Axa-mediated immunosuppression. Immune checkpoint
blockade in combination with Aza or dual Azazs antagonists increase the magnitude

of Immune responses to tumors and metastasis. Accordingly, combination of Aoa
iInhibition with anti-PD-1 therapy enhances IFN-y production by T-cells in a co-

culture with MC38 tumor cells, improves mouse survival in 4T1 mammary tumor
model and decreases tumor growth in AT-3ova®™ CD73* tumors (Beavis et al.,
Cancer Immunol. Res., 2015; Mittal et al., Cancer Res., 2014).

Furthermore, preclinical studies demonstrated that A2s inhibition leads to decreased
tumor growth and extended survival of mice in Lewis lung carcinoma, MB49 bladder
carcinoma, ortho 4T1 mammary carcinoma models (Ryzhov et al., 2009, Cekic et
al., 2012) and the combination of Azg inhibition with anti-PD-1 therapy reduces lung
metastases of B16-F10 melanoma tumors and improves mouse survival in the 4T1

mammary tumor model.

WO 03/050241 describes the methods to increase an immune response to an
antigen, increasing vaccine efficacy or increasing an immune response to a tumor
antigen or immune cell-mediated tumor destruction by administering an agent that

Inhibits extracellular adenosine or inhibits adenosine receptors.

WO 2004/089942, WO 2005/000842 and WO 2006/008041 disclose benzothiazole
derivatives, including Tozadenant, as Aza inhibitors for the treatment of Parkinson’s
disease. WO 2004/092171 and WO 2005/028484 disclose similar thiazolopyridine
and pyrazolopyrimidine derivatives also as Axa inhibitors for the treatment of
Parkinson's disease. However, these compounds do not show significant Azs
inhibitory activity and do only show good pharmacokinetic properties in the rat, the
Parkison’'s disease animal model but not in the mouse, the cancer animal model.
Furthermore, the compounds do not show that they are able to prevent
Immunosuppression and thus are able to support anti-tumor T cell induced inhibition
of tumor growth, reduction or destruction of metastases and prevention of

neovascularization.

Thus, there remains a need for therapies that provide long term enhancement of

Immune responses to specific antigens, particularly for the treatment and prevention
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of hyperproliferative and infectious diseases and disorders and thus the object of
the present invention was to provide methods of treatment that allow simplified
treatment protocols and enhance immune responses against certain antigens. It
was a specific object of the invention to provide improved methods of preventing or
treating hyperproliferative and infectious diseases and disorders in a host,
especially to provide effective Axa or dual Azaze antagonists for the treatment and

prevention of such diseases.

Summary of the invention

sSurprisingly, it has been found that the benzimidazole derivatives according to the
invention are highly effective inhibitors of the Aza adenosine receptor or both the Aza
and Azg adenosine receptors and at the same time have high selectivity over the A
and Az adenosine receptors, and thus the compounds of the present invention can
be used for the treament of hyperproliferative diseases and disorders such as

cancer and infectious diseases and disorders.

Particularly, in contrast to the known adenosine Aza receptor antagonist Tozadenant
and similar benzothiazole derivatives, the compounds of the present invention
surprisingly show an Axa/Azs dual activity which is preferred for the treatment and/or
prevention of hyperproliferative and infectious diseases and disorders as it is
disclosed above or the compounds of the present invention show at least a high Aza
inhibitory activity together with the other surprising advantages disclosed herein
leading to a high efficacy in the treatment and/or prevention of hyperproliferative

and infectious diseases and disorders.

Additionally, in comparison with the known adenosine Aza receptor antagonist
Tozadenant and similar benzothiazole derivatives, the compounds of the present
iInvention surprisingly show better pharmacokinetic properties in mouse as the
animal model relevant for cancer, which is preferred for the treatment and/or
prevention of hyperproliferative and infectious diseases and disorders as it is

disclosed above.
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Furthermore, as discussed above, adenosine in tumor microenvironment can inhibit
T cell activity by signaling through Aza receptors and suppress cytokine secretion by
T cells. Axa specific agonists like CGS-21680, similar to adenosine, inhibit T cell
cytokine secretion in vitro and in vivo. In contrast, potential A2a antagonists or
Aoa/Azs dual antagonists can rescue T cells from this inhibition. In contrast to the
known adenosine Axa receptor antagonist Tozadenant, the compounds of the
present invention show that they are able to rescue T cells from inhibition and are
able to prevent the suppression of cyctokine secretion as induced by adenosine or
Aza specific agonists like CGS-2168, which is preferred for the treatment and/or
prevention of hyperproliferative and infectious diseases and disorders as it is
disclosed above. Therefore, the compounds of the present invention surprisingly
are able to prevent iImmunosuppression and thus are able to support anti-tumor T
cell induced inhibition of tumor growth, reduction or destruction of metastases and

prevention of neovascularization.

The invention relates to benzimidazole derivatives of the general formula |,

Y
N NH
R1
wherein
Q,Y are independently of one another CH or N,
R’ is Hal or linear or branched alkyl having 1-10 C atoms which is un-

substituted or mono-, di- or trisubstituted by R* and in which 1-4 C atoms
may be replaced, independently of one another, by O, S, SO, SO,, NH,
NCH3, —-OCO—-, -NHCONH-, -NHCO-, -NR°SO,R°-, —-COO-, —-CONH-,
—NCH3CO—-, —-CONCH3—, —C=C- groups and/or —-CH=CH- groups,

and/or, in addition, 1-10 H atoms may be replaced by F and/or CI, or
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mono- or bicyclic cyclic alkyl having 3-7 C atoms which is unsubstituted
or mono-, di- or trisubstituted by by R* and in which 1-4 C atoms may be
replaced, independently of one another, by O, S, SO, SO, NH, NCH3, —
OCO-, -\NHCONH-, -NHCO-, -NR°SO,R°*-, -COO-, -CONH-, —
NCH3CO-, —-CONCH3—, —C=C- groups and/or by —-CH=CH- groups

and/or, in addition, 1-10 H atoms may be replaced by F and/or CI, or

mono- or bicyclic heteroaryl, heterocyclyl, aryl or cyclic alkylaryl,
containing 3 to 14 carbon atoms and 0-4 heteroatoms, independently
selected from N, O and S, which is unsubstituted or mono-, di- or
trisubstituted by R,

10 R2 is linear or branched alkyl having 1-10 C atoms which is unsubstituted or

mono-, di- or trisubstituted by R* and in which 1-4 C atoms may be

replaced, independently of one another, by O, S, SO, SO, NH, NCH3, —

OCO-, \NHCONH-, -NHCO-, -NR>SO,R®*-, -COO-, —-CONH-, —

NCH3CO-, —-CONCH3—, —-C=C- groups and/or —-CH=CH- groups, and/or,

15 In addition, 1-10 H atoms may be replaced by F and/or ClI, or cyclic alkyl
having 3-7 C atoms which is unsubstituted or mono-, di- or trisubstituted
by by R* and in which 1-4 C atoms may be replaced, independently of
one another, by O, S, SO, SO,, NH, NCH3, -OCO-, -NHCONH-, —
NHCO-, -NR°>SO;R°-, —-COO-, —-CONH-, -NCH3CO—-, —-CONCH3—, —
C=C- groups and/or by —-CH=CH- groups and/or, in addition, 1-11 H

20 atoms may be replaced by F and/or Cl, or mono- or bicyclic heteroaryl,
heterocyclyl, aryl or cyclic alkylaryl, containing 3 to 14 carbon atoms and
0-4 heteroatoms, independently selected from N, O and S, which is
unsubstituted or mono-, di- or trisubstituted by R*,

R> s linear or branched alkyl or O-alkyl having 1-6 C atoms or cyclic alkyl

25 having 3-6 C atoms, which is unsubstituted or mono-, di- or trisubstituted
by H, =S, =NH, =0, OH, cyclic alkyl having 3-6 C atoms, COOH, Hal,
NH2, SO,CHs, SO2NH2, CN, CONH2, NHCOCH3, NHCONH2 or NOa,

R* is H, R>, =S, =NR?, =0, OH, COOH, Hal, NH2, SO,CH3, SO,NH>, CN,

CONHz, NHCOCH3, NHCONH2, NO2, or linear or branched alkyl having
1-10 C atoms which is unsubstituted or mono-, di- or trisubstituted by R®

30 and in which 1-4 C atoms may be replaced, independently of one

another, by O, S, SO, SO,, NH, NCH3, -OCO—-, -NHCONH-, - NHCO-,
NR°SO,R°-, -COO-, —-CONH-, -\NCH3CO—-, —-CONCH3—, —C=C- groups
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and/or —-CH=CH- groups, and/or, in addition, 1-10 H atoms may be
replaced by F and/or Cl, or mono- or bicyclic cyclic alkyl having 3-7 C
atoms which is unsubstituted or mono-, di- or trisubstituted by by R® and
in which 1-4 C atoms may be replaced, independently of one another, by
O, S, SO, SO2, NH, NCH3, -OCO—-, -NHCONH—-, -NHCO—-, -NRSO,R*-,
—COO—-, —-CONH—-, -=NCH3CO—-, —-CONCH3—, —C=C- groups and/or by —
CH=CH- groups and/or, in addition, 1-10 H atoms may be replaced by F

and/or CIl, or mono- or bicyclic heteroaryl, heterocyclyl, aryl or cyclic
alkylaryl, containing 3 to 14 carbon atoms and 0-4 heteroatoms,
independently selected from N, O and S, which is unsubstituted or mono-
, di- or trisubstituted by R®,

R°, R®  are independently of one another selected from the group consisting of H,
=3, =NH, =0, OH, COOH, Hal, NH2, SO2CH3, SO2NH2, CN, CONH,,
NHCOCH;3, NHCONH2, NO; and linear or branched alkyl having 1-10 C
atoms In which 1-4 C atoms may be replaced, independently of one
another, by O, S, SO, SO, NH, NCH3, -OCO—, -NHCONH-, -NHCO-,—
COO-, —-CONH-, = NCH3CO—-, —-CONCH3—, —C=C- groups and/or —
CH=CH- groups, and/or, in addition, 1-10 H atoms may be replaced by F
and/or ClI,

Hal s F, C, Br, or |,

and physiologically acceptable salts, derivatives, solvates, prodrugs and

stereoisomers thereof, including mixtures thereof in all ratios.

The invention preferably relates to a compound of formula |, wherein

R'is Hal or linear or branched alkyl having 1-10 C atoms which is unsubstituted or
mono-, di- or trisubstituted by R* and in which 1-4 C atoms may be replaced,
independently of one another, by O, S, SO, SO,, NH, NCH3, -OCO-, -NHCONH-,
—~NHCO-, -NR°SO,R°-, -COO-, -CONH-, -NCH3CO—-, —-CONCH3—, —C=C-

groups and/or —-CH=CH- groups, and/or, in addition, 1-10 H atoms may be replaced

by F and/or CI, or one of the following structures:
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which is unsubstituted or mono-, di- or trisubstituted with R*

10 and wherein Q, Y, R?, R® R?* R®and R°® have the meanings as disclosed above.

The invention particularly preferably relates to a compound of formula |, wherein

R' is Br or one of the following structures:

15 —-vlw WA WA WA A
\O O/ N N\ /\\N \/ N
AN - rd v
2N
R AN AN
20 ) (J\ \

a8
\\N/ N N

) O
~AAAL
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N7~
| | 4 72
N ‘
S N

30
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5 F
which is unsubstituted or mono-, di- or trisubstituted with R®
and wherein Q, Y, R?, R®, R*, R® and R°® have the meanings as disclosed above.
The invention particularly preferably relates to a compound of formula |, wherein R?
IS one of the following structures:
10
A2 AR A AA et d b A PUVRYY | __”|w
N
\N/ X /ﬁ N AN
s’ s W atd AA A k/ N
- | - L
%\‘ ~ | : N\ | \ N
NY \\N | /
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R
o ~'|W‘ |
20 i N - ==
"”I'W‘ I 7N
atd A A
N : N‘ 0 / |
\{> /N\
N
o
. PUVRVY PUVEYY wA
|
A N VTN N

30
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®

which is unsubstituted or mono-, di- or trisubstituted with R>

10 and wherein Q, Y, R', R®, R?% R® and R°® have the meanings as disclosed above.

The invention preferably relates to a compound of formula |, wherein
F F CN
F/k O kO AO Lo >0
195 R® one of the following structures WJM' —‘L' Jm "“L”‘ "l""‘

and Q, Y, R!, R?, R* R®and R® have the meanings as disclosed above.

The invention preferably relates to a compound of formula |, wherein
R® is O-alkyl having 1-6 C atoms, which is unsubstituted or mono-, di- or
20 trisubstituted with F

and Q, Y, R!, R?, R* R®and R® have the meanings as disclosed above.

The invention preferably relates to a compound of formula I, wherein
R%is OMe

and Q, Y, R', R%, R% R® and R® have the meanings as disclosed above.

25
The invention particularly preferably relates to a compound selected from the group
consisting of:
No. JUPAC-Name
30 1 | 7-Methoxy-4-phenyl-1H-benzoimidazol-2-ylamine
5 4-Fluoro-N-(7-methoxy-4-phenyl-1H-benzoimidazol-2-yl)-
benzamide
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2-Bromo-N-(7-methoxy-4-phenyl-1H-benzoimidazol-2-yl)-

0 iIsonicotinamide

4 2-Bromo-N-(4-bromo-/-methoxy-1H-benzoimidazol-2-yl)-
Isonicotinamide

5 o0-Bromo-N-(7-methoxy-4-phenyl-1H-benzoimidazol-2-yl)-
nicotinamide

O - | 6-Bromo-N-(4-bromo-7-methoxy-1H-benzoimidazol-2-yl)-

nicotinamide

7 N-(7-Methoxy-4-phenyl-1H-benzoimidazol-2-yl)-2-morpholin-4-yl-
Isonicotinamide

3 N-(7-Methoxy-4-phenyl-1H-benzoimidazol-2-yl)-6-morpholin-4-yl-

nicotinamide

o | N-(7-Methoxy-4-phenyl-1H-benzoimidazol-2-yl)-N,N-dimethyl-
10 formamidine

4-Chloromethyl-N-(7-methoxy-4-phenyl-1H-benzoimidazol-2-yl)-

1§ benzamide
11 4-Ethylaminomethyl-N-(7-methoxy-4-phenyl-1H-benzoimidazol-2-
yl)-benzamide
4-Hydroxy-4-methyl-piperidine-1-carboxylic acid (7-methoxy-4-
12 7 .
" phenyl-1H-benzoimidazol-2-yl)-amide
13 4-Aminomethyl-N-(7-methoxy-4-phenyl-1H-benzoimidazol-2-yl)-
benzamide
14 | 4-Cyclohexyl-7-methoxy-1H-benzoimidazol-2-ylamine
15 4-Imidazol-1-ylmethyl-N-(7-methoxy-4-phenyl-1H-benzoimidazol-2-
yl)-benzamide
20 16 4<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>