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Description

[0001] An important large family of enzymes is the pro-
tein kinase enzyme family. Currently, there are about 500
different known protein kinases. Protein kinases serve
to catalyze the phosphorylation of an amino acid side
chain in various proteins by the transfer of the γ-phos-
phate of the ATP-Mg2+ complex to said amino acid side
chain. These enzymes control the majority of the signal-
ing processes inside cells, thereby governing cell func-
tion, growth, differentiation and destruction (apoptosis)
through reversible phosphorylation of the hydroxyl
groups of serine, threonine and tyrosine residues in pro-
teins. Studies have shown that protein kinases are key
regulators of many cell functions, including signal trans-
duction, transcriptional regulation, cell motility, and cell
division. Several oncogenes have also been shown to
encode protein kinases, suggesting that kinases play a
role in oncogenesis. These processes are highly regu-
lated, often by complex intermeshed pathways where
each kinase will itself be regulated by one or more kinas-
es. Consequently, aberrant or inappropriate protein ki-
nase activity can contribute to the rise of disease states
associated with such aberrant kinase activity. Due to their
physiological relevance, variety and ubiquitousness, pro-
tein kinases have become one of the most important and
widely studied family of enzymes in biochemical and
medical research.
[0002] The protein kinase family of enzymes is typically
classified into two main subfamilies: Protein Tyrosine Ki-
nases and Protein Serine/Threonine Kinases, based on
the amino acid residue they phosphorylate. The serine/
threonine kinases (PSTK), includes cyclic AMP- and cy-
clic GMP-dependent protein kinases, calcium- and phos-
pholipid-dependent protein kinase, calcium- and calmod-
ulin-dependent protein kinases, casein kinases, cell di-
vision cycle protein kinases and others. These kinases
are usually cytoplasmic or associated with the particulate
fractions of cells, possibly by anchoring proteins. Aber-
rant protein serine/threonine kinase activity has been im-
plicated or is suspected in a number of pathologies such
as rheumatoid arthritis, psoriasis, septic shock, bone
loss, many cancers and other proliferative diseases. Ac-
cordingly, serine/threonine kinases and the signal trans-
duction pathways which they are part of are important
targets for drug design. The tyrosine kinases phosphor-
ylate tyrosine residues. Tyrosine kinases play an equally
important role in cell regulation. These kinases include
several receptors for molecules such as growth factors
and hormones, including epidermal growth factor recep-
tor, insulin receptor, platelet derived growth factor recep-
tor and others. Studies have indicated that many tyrosine
kinases are transmembrane proteins with their receptor
domains located on the outside of the cell and their kinase
domains on the inside. Much work is also under progress
to identify modulators of tyrosine kinases as well.
[0003] A major signal transduction systems utilized by
cells is the RhoA- signalling pathways. RhoA is a small

GTP binding protein that can be activated by several ex-
tracellular stimuli such as growth factor, hormones, me-
chanic stress, osmotic change as well as high concen-
tration of metabolite like glucose. RhoA activation in-
volves GTP binding, conformation alteration, post-trans-
lational modification (geranylgeranyllization and far-
nesylation) and activation of its intrinsic GTPase activity.
Activated RhoA is capable of interacting with several ef-
fector proteins including ROCKs (ROCK1 and ROCK2,
also reffered to below as ’ROCK’ or ’ROCKs’) and trans-
mit signals into cellular cytoplasm and nucleus.
[0004] ROCK1 and 2 constitute a family of kinases that
can be activated by RhoA-GTP complex via physical as-
sociation. Activated ROCKs phosphorylate a number of
substrates and play important roles in pivotal cellular
functions. The substrates for ROCKs include myosin
binding subunit of myosin light chain phosphatase (MBS,
also named MYPT1), adducin, moesin, myosin light
chain (MLC), LIM kinase as well as transcription factor
FHL. The phosphorylation of theses substrates modulate
the biological activity of the proteins and thus provide a
means to alter cell’s response to external stimuli. One
well documented example is the participation of ROCK
in smooth muscle contraction. Upon stimulation by phe-
nylephrine, smooth muscle from blood vessels contracts.
Studies have shown that phenylephrine stimulates b-
adrenergic receptors and leads to the activation of RhoA.
Activated RhoA in turn stimulates kinase activity of
ROCK1 and which in turn phosphorylates MBS. Such
phosphorylation inhibits the enzyme activity of myosin
light chain phosphatase and increases the phosphoryla-
tion of myosin light chain itself by a calcium-dependent
myosin light chain kinase (MLCK) and consequently in-
creases the contractility of myosin-actin bundle, leading
to smooth muscle contraction. This phenomena is also
sometimes called calcium sensitization. In addition to
smooth muscle contraction, ROCKs have also been
shown to be involved in cellular functions including ap-
optosis, cell migration, transcriptional activation, fibrosis,
cytokinesis, inflammation and cell proliferation. Moreo-
ver, in neurons ROCK plays a critical role in the inhibition
of axonal growth by myelin-associated inhibitory factors
such as myelin-associated glycoprotein (MAG). ROCK-
activity also mediates the collapse of growth cones in
developing neurons. Both processes are thought to be
mediated by ROCK-induced phosphorylation of sub-
strates such as LIM kinase and myosin light chain phos-
phatase, resulting in increased contractility of the neuro-
nal actin-myosin system.
[0005] WO 03/080610 (Glaxo Group Ltd) discloses im-
idazopyridine derivatives as kinase inhibitors, in particu-
lar inhibitors of MSK-1 and/or Rock 1 and/or 2.
[0006] The present inventors have discovered novel
azabenzimidazole compounds, which are inhibitors of
ROCK activity and show interesting selectivity over other
protein kinases. Such derivatives are useful in the treat-
ment of disorders associated with inappropriate ROCK
activity.
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DETAILED DESCRIPTION OF THE INVENTION

[0007] The present invention thus provides the com-
pound of formula (I)

N-(3- { [2-(4- Amino- furazan- 3- yl)- 1- ethyl- 1H- imidazo
[4,5- c] pyridin- 6- yl] oxy} phenyl)- 4- { [2-(4- morpholinyl)
ethyl]oxy}benzamide.
[0008] Inhibitors of ROCKs have been suggested for
use in the treatments of a variety of diseases. They in-
clude cardiovascular diseases such as hypertension,
chronic and congestive heart failure, ischemic angina,
cardiac hypertrophy and fibrosis, restenosis, chronic re-
nal failure and atherosclerosis. In addition, because of
its muscle relaxing properties, it is also suitable for asth-
ma, male erectile dysfunctions, female sexual dysfunc-
tion and over-active bladder syndrome. ROCK inhibitors
have been shown to possess anti-inflammatory proper-
ties. Thus they can be used as treatment for neuroinflam-
matory diseases such as stroke, multiple sclerosis,
Alzheimer’s disease, Parkinson’s disease, amyotrophic
lateral sclerosis and inflammatory pain, as well as other
inflammatory diseases such as rheumatoid arthritis, irri-
table bowel syndrome, inflammatory bowel disease, and
Crohn’s diseases. In addition, based on their neurite out-
growth inducing effects, ROCK inhibitors could be useful
drugs for neuronal regeneration, inducing new axonal
growth and axonal rewiring across lesions within the
CNS. ROCK inhibitors are therefore likely to be useful
for regenerative (recovery) treatment of CNS disorders
such as spinal cord injury, acute neuronal injury (stroke,
traumatic brain injury), Parkinsons disease, Alzheimers
disease and other neurodegenerative disorders. Since
ROCK inhibitors reduce cell proliferation and cell migra-
tion, they could be useful in treating cancer and tumor
metastasis. Further more, there is evidence suggesting
that ROCK inhibitors suppress cytoskeletal rearrange-
ment upon virus invasion, thus they also have potential
therapeutic value in anti-viral and anti-bacterial applica-
tions. ROCK inhibitors are also useful for the treatment
of insulin resistance and diabetes.
[0009] Preferably ROCK inhibitors are useful for the
treatment of hypertension, chronic and congestive heart
failure, ischemic angina, asthma, male erectile dysfunc-

tion, female sexual dysfunction, stroke, inflammatory
bowel diseases, spinal cord injury, glaucoma and tumor
metastasis.
[0010] More preferably ROCK inhibitors are useful for
the treatment of hypertension, chronic and congestive
heart failure and ischemic angina.
[0011] As used herein, the term "effective amount"
means that amount of a drug or pharmaceutical agent
that will elicit the biological or medical response of a tis-
sue, system, animal or human that is being sought, for
instance, by a researcher or clinician. Furthermore, the
term "therapeutically effective amount" means any
amount which, as compared to a corresponding subject
who has not received such amount, results in improved
treatment, healing, prevention, or amelioration of a dis-
ease, disorder, or side effect, or a decrease in the rate
of advancement of a disease or disorder. The term also
includes within its scope amounts effective to enhance
normal physiological function.
[0012] As used herein, the term "physiologically func-
tional derivative" refers to any pharmaceutically accept-
able derivative of a compound of the present invention,
for example, an ester or an amide, which upon adminis-
tration to a mammal is capable of providing (directly or
indirectly) a compound of the present invention or an ac-
tive metabolite thereof. Such derivatives are clear to
those skilled in the art, without undue experimentation,
and with reference to the teaching of Burger’s Medicinal
Chemistry And Drug Discovery, 5th Edition, Vol 1: Prin-
ciples and Practice, which is incorporated herein by ref-
erence to the extent that it teaches physiologically func-
tional derivatives.
[0013] As used herein, the term "solvate" refers to a
complex of variable stoichiometry formed by a solute (in
this invention, a compound of formula (I) or a salt or phys-
iologically functional derivative thereof) and a solvent.
Such solvents for the purpose of the invention may not
interfere with the biological activity of the solute. Exam-
ples of suitable solvents include, but are not limited to,
water, methanol, ethanol and acetic acid. Preferably the
solvent used is a pharmaceutically acceptable solvent.
Examples of suitable pharmaceutically acceptable sol-
vents include, without limitation, water, ethanol and ace-
tic acid. Most preferably the solvent used is water.
[0014] Typically, the salts of the present invention are
pharmaceutically acceptable salts. Salts encompassed
within the term "pharmaceutically acceptable salts" refer
to non-toxic salts of the compounds of this invention.
Salts of the compound of the present invention may com-
prise acid addition salts derived from a nitrogen on a sub-
stituent in the compound of formula (I). Representative
salts include the following salts: acetate, benzenesul-
fonate, benzoate, bicarbonate, bisulfate, bitartrate, bo-
rate, bromide, calcium edetate, camsylate, carbonate,
chloride, clavulanate, citrate, dihydrochloride, edetate,
edisylate, estolate, esylate, fumarate, gluceptate, gluco-
nate, glutamate, glycollylarsanilate, hexylresorcinate,
hydrabamine, hydrobromide, hydrochloride, hydroxy-

3 4 



EP 1 675 552 B1

4

5

10

15

20

25

30

35

40

45

50

55

naphthoate, iodide, isethionate, lactate, lactobionate,
laurate, malate, maleate, mandelate, mesylate, methyl-
bromide, methylnitrate, methylsulfate, monopotassium
maleate, mucate, napsylate, nitrate, N-methylglucamine,
oxalate, pamoate (embonate), palmitate, pantothenate,
phosphate/diphosphate, polygalacturonate, potassium,
salicylate, sodium, stearate, subacetate, succinate, tan-
nate, tartrate, teoclate, tosylate, triethiodide, trimethyl-
ammonium and valerate. Other salts, which are not phar-
maceutically acceptable, may be useful in the prepara-
tion of compounds of this invention and these form a fur-
ther aspect of the invention.
[0015] While it is possible that, for use in therapy, ther-
apeutically effective amounts of the compound of formula
(I), as well as salts, solvates and physiological functional
derivatives thereof, may be administered as the raw
chemical, it is possible to present the active ingredient
as a pharmaceutical composition. Accordingly, the inven-
tion further provides pharmaceutical compositions, which
include therapeutically effective amounts of the com-
pound of formula (I) and salts, solvates and physiological
functional derivatives thereof, and one or more pharma-
ceutically acceptable carriers, diluents, or excipients.
The compound of formula (I) and salts, solvates and
physiological functional derivatives thereof, are as de-
scribed above. The carrier(s), diluent(s) or excipient(s)
must be acceptable in the sense of being compatible with
the other ingredients of the formulation and not deleteri-
ous to the recipient thereof. In accordance with another
aspect of the invention there is also provided a process
for the preparation of a pharmaceutical formulation in-
cluding admixing the compound of formula (I), or salts,
solvates and physiological functional derivatives thereof,
with one or more pharmaceutically acceptable carriers,
diluents or excipients.
[0016] Pharmaceutical formulations may be presented
in unit dose forms containing a predetermined amount
of active ingredient per unit dose. Such a unit may con-
tain, for example, 0.5mg to 1g, preferably 1 mg to 700mg,
more preferably 5mg to 100mg of the compound of for-
mula (I), depending on the condition being treated, the
route of administration and the age, weight and condition
of the patient, or pharmaceutical formulations may be
presented in unit dose forms containing a predetermined
amount of active ingredient per unit dose. Preferred unit
dosage formulations are those containing a daily dose
or sub-dose, as herein above recited, or an appropriate
fraction thereof, of an active ingredient. Furthermore,
such pharmaceutical formulations may be prepared by
any of the methods well known in the pharmacy art.
[0017] Pharmaceutical formulations may be adapted
for administration by any appropriate route, for example
by the oral (including buccal or sublingual), rectal, nasal,
topical (including buccal, sublingual or transdermal), vag-
inal or parenteral (including subcutaneous, intramuscu-
lar, intravenous or intradermal) route. Such formulations
may be prepared by any method known in the art of phar-
macy, for example by bringing into association the active

ingredient with the carrier(s) or excipient(s).
[0018] Pharmaceutical formulations adapted for oral
administration may be presented as discrete units such
as capsules or tablets; powders or granules; solutions or
suspensions in aqueous or non-aqueous liquids; edible
foams or whips; or oil-in-water liquid emulsions or water-
in-oil liquid emulsions.
[0019] For instance, for oral administration in the form
of a tablet or capsule, the active drug component can be
combined with an oral, non-toxic pharmaceutically ac-
ceptable inert carrier such as ethanol, glycerol, water and
the like. Powders are prepared by comminuting the com-
pound to a suitable fine size and mixing with a similarly
comminuted pharmaceutical carrier such as an edible
carbohydrate, as, for example, starch or mannitol. Fla-
voring, preservative, dispersing and coloring agent can
also be present.
[0020] Capsules are made by preparing a powder mix-
ture, as described above, and filling formed gelatin
sheaths. Glidants and lubricants such as colloidal silica,
talc, magnesium stearate, calcium stearate or solid pol-
yethylene glycol can be added to the powder mixture
before the filling operation. A disintegrating or solubilizing
agent such as agar-agar, calcium carbonate or sodium
carbonate can also be added to improve the availability
of the medicament when the capsule is ingested.
[0021] Moreover, when desired or necessary, suitable
binders, lubricants, disintegrating agents and coloring
agents can also be incorporated into the mixture. Suitable
binders include starch, gelatin, natural sugars such as
glucose or beta-lactose, corn sweeteners, natural and
synthetic gums such as acacia, tragacanth or sodium
alginate, carboxymethylcellulose, polyethylene glycol,
waxes and the like. Lubricants used in these dosage
forms include sodium oleate, sodium stearate, magnesi-
um stearate, sodium benzoate, sodium acetate, sodium
chloride and the like. Disintegrators include, without lim-
itation, starch, methyl cellulose, agar, bentonite, xanthan
gum and the like. Tablets are formulated, for example,
by preparing a powder mixture, granulating or slugging,
adding a lubricant and disintegrant and pressing into tab-
lets. A powder mixture is prepared by mixing the com-
pound, suitably comminuted, with a diluent or base as
described above, and optionally, with a binder such as
carboxymethylcellulose, an aliginate, gelatin, or polyvinyl
pyrrolidone, a solution retardant such as paraffin, a re-
sorption accelerator such as a quaternary salt and/or an
absorption agent such as bentonite, kaolin or dicalcium
phosphate. The powder mixture can be granulated by
wetting with a binder such as syrup, starch paste, acadia
mucilage or solutions of cellulosic or polymeric materials
and forcing through a screen. As an alternative to gran-
ulating, the powder mixture can be run through the tablet
machine and the result is imperfectly formed slugs bro-
ken into granules. The granules can be lubricated to pre-
vent sticking to the tablet forming dies by means of the
addition of stearic acid, a stearate salt, talc or mineral oil.
The lubricated mixture is then compressed into tablets.

5 6 



EP 1 675 552 B1

5

5

10

15

20

25

30

35

40

45

50

55

The compounds of the present invention can also be
combined with a free flowing inert carrier and com-
pressed into tablets directly without going through the
granulating or slugging steps. A clear or opaque protec-
tive coating consisting of a sealing coat of shellac, a coat-
ing of sugar or polymeric material and a polish coating
of wax can be provided. Dyestuffs can be added to these
coatings to distinguish different unit dosages.
[0022] Oral fluids such as solution, syrups and elixirs
can be prepared in dosage unit form so that a given quan-
tity contains a predetermined amount of the compound.
Syrups can be prepared by dissolving the compound in
a suitably flavored aqueous solution, while elixirs are pre-
pared through the use of a non-toxic alcoholic vehicle.
Suspensions can be formulated by dispersing the com-
pound in a non-toxic vehicle. Solubilizers and emulsifiers
such as ethoxylated isostearyl alcohols and polyoxy eth-
ylene sorbitol ethers, preservatives, flavor additive such
as peppermint oil or natural sweeteners or saccharin or
other artificial sweeteners, and the like can also be add-
ed.
[0023] Where appropriate, dosage unit formulations
for oral administration can be microencapsulated. The
formulation can also be prepared to prolong or sustain
the release as for example by coating or embedding par-
ticulate material in polymers, wax or the like.
[0024] The compound of formula (I), and salts, sol-
vates and physiological functional derivatives thereof,
can also be administered in the form of liposome delivery
systems, such as small unilamellar vesicles, large unil-
amellar vesicles and multilamellar vesicles. Liposomes
can be formed from a variety of phospholipids, such as
cholesterol, stearylamine or phosphatidylcholines.
[0025] The compound of formula (I) and salts, solvates
and physiological functional derivatives thereof may also
be delivered by the use of monoclonal antibodies as in-
dividual carriers to which the compound molecules are
coupled. The compounds may also be coupled with sol-
uble polymers as targetable drug carriers. Such polymers
can include polyvinylpyrrolidone, pyran copolymer, pol-
yhydroxypropylmethacrylamide -phenol, polyhydrox-
yethylaspartamidephenol, or polyethyleneoxidepolyly-
sine substituted with palmitoyl residues. Furthermore,
the compounds may be coupled to a class of biodegrad-
able polymers useful in achieving controlled release of a
drug, for example, polylactic acid, polepsilon caprolac-
tone, polyhydroxy butyric acid, polyorthoesters, polya-
cetals, polydihydropyrans, polycyanoacrylates and
cross-linked or amphipathic block copolymers of hydro-
gels.
[0026] Pharmaceutical formulations adapted for
transdermal administration may be presented as discrete
patches intended to remain in intimate contact with the
epidermis of the recipient for a prolonged period of time.
For example, the active ingredient may be delivered from
the patch by iontophoresis as generally described in
Pharmaceutical Research, 3(6), 318 (1986).
[0027] Pharmaceutical formulations adapted for topi-

cal administration may be formulated as ointments,
creams, suspensions, lotions, powders, solutions,
pastes, gels, sprays, aerosols or oils.
[0028] For treatments of the eye or other external tis-
sues, for example mouth and skin, the formulations are
preferably applied as a topical ointment or cream. When
formulated in an ointment, the active ingredient may be
employed with either a paraffinic or a water-miscible oint-
ment base. Alternatively, the active ingredient may be
formulated in a cream with an oil-in-water cream base or
a water-in-oil base.
[0029] Pharmaceutical formulations adapted for topi-
cal administrations to the eye include eye drops wherein
the active ingredient is dissolved or suspended in a suit-
able carrier, especially an aqueous solvent.
[0030] Pharmaceutical formulations adapted for topi-
cal administration in the mouth include lozenges, pas-
tilles and mouth washes.
[0031] Pharmaceutical formulations adapted for rectal
administration may be presented as suppositories or as
enemas.
[0032] Pharmaceutical formulations adapted for nasal
administration wherein the carrier is a solid include a
coarse powder having a particle size for example in the
range 20 to 500 microns which is administered in the
manner in which snuff is taken, i.e. by rapid inhalation
through the nasal passage from a container of the powder
held close up to the nose. Suitable formulations wherein
the carrier is a liquid, for administration as a nasal spray
or as nasal drops, include aqueous or oil solutions of the
active ingredient.
[0033] Pharmaceutical formulations adapted for ad-
ministration by inhalation include fine particle dusts or
mists, which may be generated by means of various types
of metered, dose pressurised aerosols, nebulizers or in-
sufflators.
[0034] Pharmaceutical formulations adapted for vagi-
nal administration may be presented as pessaries, tam-
pons, creams, gels, pastes, foams or spray formulations.
[0035] Pharmaceutical formulations adapted for
parenteral administration include aqueous and non-
aqueous sterile injection solutions which may contain an-
ti-oxidants, buffers, bacteriostats and solutes which
render the formulation isotonic with the blood of the in-
tended recipient; and aqueous and non-aqueous sterile
suspensions which may include suspending agents and
thickening agents. The formulations may be presented
in unit-dose or multi-dose containers, for example sealed
ampoules and vials, and may be stored in a freeze-dried
(lyophilized) condition requiring only the addition of the
sterile liquid carrier, for example water for injections, im-
mediately prior to use. Extemporaneous injection solu-
tions and suspensions may be prepared from sterile pow-
ders, granules and tablets.
[0036] It should be understood that in addition to the
ingredients particularly mentioned above, the formula-
tions may include other agents conventional in the art
having regard to the type of formulation in question, for
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example those suitable for oral administration may in-
clude flavouring agents.
[0037] A therapeutically effective amount of a com-
pound of the present invention will depend upon a
number of factors including, for example, the age and
weight of the human or other animal, the precise condition
requiring treatment and its severity, the nature of the for-
mulation, and the route of administration, and will ulti-
mately be at the discretion of the attendant physician or
veterinarian. However, an effective amount of the com-
pound of formula (I) for the treatment of neoplastic
growth, for example colon or breast carcinoma, will gen-
erally be in the range of 0.1 to 100 mg/kg body weight of
recipient (mammal) per day and more usually in the range
of 1 to 10 mg/kg body weight per day. Thus, for a 70kg
adult mammal, the actual amount per day would usually
be from 70 to 700 mg and this amount may be given in
a single dose per day or more usually in a number (such
as two, three, four, five or six) of sub-doses per day such
that the total daily dose is the same. An effective amount
of a salt or solvate, or physiologically functional derivative
thereof, may be determined as a proportion of the effec-
tive amount of the compound of formula (I) per se. It is
envisaged that similar dosages would be appropriate for
treatment of the other conditions referred to above.
[0038] The compounds of this invention may be made
by a variety of methods, including standard chemistry.

Reference Example 1

N-(3-{[2-(4-amino-furazan-3-yl)-1-phenyl-1H-imida-
zo[4,5-c]pyridin-6-yl]oxy}phenyl)acetamide

[0039]

Step 1. 4-Chloro-3-nitropyridine

[0040] To a suspension of 3-nitro-4-pyridinol (20 g, 143
mmol) in toluene (300 mL) was added phosphorous ox-
ychloride (65.7g, 429mmol) at 0 °C. The resulting mixture
was warmed to room temperature, then heated to reflux
(110 °C) for 16 hours. After cooling to rt, the solvent was
removed in vacuo and the residue was poured on ice,
then basified with K2CO3 to pH ≈ 10. The mixture was
extracted with ethyl acetate and the organic phase was
washed twice with water, followed by once with brine
before concentrating to a brown oil which solidified on
standing (22.5g, 99%). MS (ES+) m/e 159 [M+H]+.

Step 2. 4-Chloro-2-hydroxy-5-nitropyridine

[0041] THF (500 mL) was cooled to -78 °C and anhy-
drous NH3 (-200 mL) was condensed into the THF. Po-
tassium t-butoxide (71.0 g, 630 mmol) was added and
the mixture was allowed to warm to ∼ -35 °C. The product
from Step 1 (40.0 g, 250 mmol) was cooled to 0 °C in
THF (200 mL) and a solution of t-BuOOH (5 M in decane,
50 mL, 250 mmol) was added over 5 min. This solution
was then added dropwise to the KOt-Bu solution pre-
pared above over 1 h, then stirred for 2 h at -35 °C and
then carefully quenched with ∼50 mL of sat. NH4Cl solu-
tion. The mixture was allowed to vent and warm to rt
overnight, then the organics were concentrated and the
residue made acidic with NH4Cl solution and filtered. The
solid was washed with cold H2O and dried to give the
title compound as a dark brown solid (35 g, 80 %).

Step 3. 2,4-Dichloro-5-nitropyridine

[0042] The product from Step 2 (40.0 g, 229 mmol)
was suspended in toluene (300 mL) and POCl3 (65 mL,
697 mmol) was added over 10 min, then the mixture was
heated to relux for 6 h then cooled to 60 °C and allowed
to stir overnight at that temperature. The heterogeneous
mixture was cooled and concentrated, the residue was
carefully made basic with aq. K2CO3 solution and ex-
tracted with EtOAc. The organic layers were combined,
washed with H2O and brine, dried (Na2SO4), filtered and
the filtrate was concentrated to give an oil. The crude oil
was passed through a plug of silica gel (50% EtOAc in
hexanes) to give the title compound (32.5 g, 74 %) as an
orange oil which solidified on standing. MS (ES+) m/e
194 [M+H]+.

Step 4. 2-Chloro-5-nitro-N-phenyl-4-pyridinamine

[0043] The product of Step 3 (66.5g, 345 mmol) in THF
(400 mL) and triethylamine (50.3 mL, 361 mmol) was
added, followed by aniline (31.4 mL, 345 mmol) and the
reaction mixture was allowed to stir at rt for 18 hours.
Water (1.2 L) was added dropwise to the yellow solution
and the precipitate formed was filtered, washed with H2O
and Et2O to give the title compounds as yellow crystals
(42.8 g). The filtrate was concentrated to roughly � vol-
ume and the resulting solid was filtered and washed with
H2O and Et2O to give addition title compound (18.1 g,
60.9g total, 71%). 1H NMR (400 MHz, CDCl3) δ ppm 9.68
(s, 1H), 9.13 (s, 1H), 7.54 (t, 2H, 7.3Hz), 7.42 (t, 1H,
7.3Hz), 7.31 (d, 2H, 7.3Hz), 6.94 (s, 1H). MS (ES+) m/e
250 [M+H]+ .

Reference Example 3

4-{6-[(3-Aminophenyl)oxy]-1-ethyl-1H-imidazo
[4,5-c]pyridin-2-yl}-furazan-3-amine

[0044]
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Step 1. 2-Chloro-N-ethyl-5-nitro-4-pyridinamine

[0045] The title compound was prepared by the meth-
od of Reference Example 1, Step 4 starting from the prod-
uct of Reference Example 1, Step 3 and ethylamine. MS
(ES+) m/e 202 [M+H]+.

Step 2. 1,1-Dimethylethyl(3-{[4-(ethylamino)-5-nitro-
2-pyridinyl]oxy} phenyl)carbamate

[0046] The product of Step 1 (1.0 g, 5 mmol) in DMF
(23 mL) was treated with 1,1-dimethylethyl (3-hydroxy-
phenyl) carbamate (1.3 g, 6 mmol) and potassium car-
bonate (6.9 g, 50 mmol). The resulting mixture was heat-
ed to 80 °C for 3 h., then partitioned between ethyl acetate
and saturated aqueous ammonium chloride solution. The
organic phase was washed with water and brine, then
concentrated in vacuo. The residue was purified by col-
umn chromatography eluting with 20% ethyl acetate in
hexane to afford the title compound (1.26 g, 68 %). MS
(ES+) m/e 375 [M+H]+.

Step 3. 1,1-Dimethylethyl(3-{[5-amino-4-(ethylami-
no)-2-pyridinyl]oxy} phenyl)carbamate

[0047] The product from Step 2 (1.26 g, 3.3 mmol) in
ethanol (20 mL) was hydrogenated for 3 hours in the
presence of 10% palladium on carbon under H2 (50 psi).
After filtration of the catalyst through Kieselguhr, the fil-
trate was concentrated in vacuo to afford the title com-
pound (0.81 g, 70 %). MS (ES+) m/e 345 [M+H]+.

Step 4. 4-{6-[(3-Aminophenyl)oxy]-1-ethyl-1H-imida-
zo[4,5-c]pyridin-2-yl}-furazan-3-amine

[0048] The product from Step 3 (0.81 g, 2.3 mmol) and
ethyl cyanoacetate (0.52 g, 4.6 mmol) were heated to-
gether at 195°C for 25 minutes. After cooling the mixture
to rt, the residue was dissolved in methanol (0.8 mL) and
5N hydrochloric acid (3 mL). The resulting mixture was
treated portionwise with sodium nitrite (0.32 g, 4.6 mmol)
and stirred at room temperature for 90 minutes. The pH
of the mixture was adjusted to 11 by addition of 50%
sodium hydroxide solution and a 50% solution of hydrox-
ylamine in water (1.6 mL) was added. The mixture was
heated at 110 °C for 16 h and the reaction allowed to
cool to rt. The mixture was partitioned between ethyl ac-
etate and water, then the organic phase was washed with
brine and evaporated in vacuo. The residue was purified
by HPLC to afford the title compound (0.12 g, 15 %). MS

(ES+) m/e 338 [M+H]+.

Example 1

N-(3-{[2-(4-amino-furazan-3-yl)-1-ethyl-1H-imidazo
[4,5-c]pyridin-6-yl]oxy}phenyl)-4-{[2-(4-morpholi-
nyl)ethyl]oxy}benzamide

[0049]

N-(3-{[2-(4-amino-furazan-3-yl)-1-ethyl-1H-imidazo
[4,5-c]pyridin-6-yl]oxy}phenyl)-4-{[2-(4-morpholi-
nyl)ethyl]oxy}benzamide

[0050] Under argon, to a suspension of the HCl salt of
4-{[2-(4-morpholinyl)ethyl]oxy}benzoic acid (3.98 g, 13.8
mmol) in CH2Cl2 (100 ml) was added DMF (40 Pl), fol-
lowed with oxalylchloride (3.6 ml, 41.4 mmol). This mix-
ture was then heated to reflux until a clear solution re-
sulted. The reaction mixture was then concentrated, add-
ed CH2Cl2 (20 mL) and reconcentrated . A suspension
of the above product in CH2Cl2 (100 mL), was added to
a suspension of the product of Reference Example 3
(3.96 g, 11.7 mmol) in pyridine (30 mL). This mixture was
then heated to 70 °C, the CH2Cl2 was distilled off, then
stirred for 1h. CH2Cl2 (200 mL) was added to the cooled
reaction mixture, stirred for 15 min and then filtered to
provide a first crop of product (crop 1). The filtrate was
concentrated in vacuo and the residue taken up in EtOAc,
washed with water (4 X), brine, dried over Na2SO4, fil-
tered and concentrated to provide Crop 2. Crops 1 and
2 were combined and recrystalized from MeOH to afford-
ed a off white solid (5.54 g, 83%). 1H NMR (400 MHz,
DMSO) δ ppm 11.35 (bs, 1H), 10.22 (s, 1H), 8.79 (d, 1H,
0.8 Hz), 7.99 (d, 2H, 8.8 Hz), 7.58-7.64(m, 3H), 7.37 (t,
1H, 8.0Hz), 7.12 (d, 2H, 8.8 Hz), 6.95 (s, 2H), 6.84-6.87
(m, 1H), 4.70 (q, 2H, 7.2Hz), 4.53 (bs, 2H), 3.81-3.98 (m,
4H), 3.49-3.58 (m, 4H), 3.18-3.36(m, 2H), 1.41 (t, 3H,
7.2Hz). MS (ES+) m/e 571 [M+H]+.

ROCK kinase assay:

[0051] ROCK inhibitor activity was determined using
human recombinant ROCK1 kinase domain (amino acid
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2-543) expressed in Sf9 cells (see WO9967283). The
enzyme was purified using His-tag NTA column and
Source15 HPLC chromatography. The assay of Rock-1
activity involved incubation with peptide substrate and
ATP33, the subsequent incorporation of P33 into the pep-
tide was quantified by Scintillation Proximity Assay (SPA
- Amersham Pharmacia).
[0052] For IC50 determination, test compounds were
typically dissolved at 10mM in 100% DMSO, with subse-
quent serial dilution in 100% DMSO. Compounds were
typically assayed over an eleven-point dilution range with
a concentration in the assay of 50uM to 0.8nM, in 3-fold
dilutions. IC50 values were calculated by bespoke curve
fitting software and then converted to pIC50.
[0053] Assays were performed in opaque, white
walled, 384 well plates, in a total assay volume of 20ul.
The assays contained: 1nM hROCK1; 1uM biotinylated
peptide (biotin-Ahx-AKRRRLSSLRA-CONH2); 1uM
ATP; 1.85kBq per well ATP(-33P); 25mM Hepes pH 7.4;
15mM MgCl2; 0.015% BSA. The reactions were incubat-
ed at 22°C for 120 minutes, then terminated by the ad-
dition of a 50ul solution containing 60mM EDTA and
streptavidin PVT SPA beads. The SPA beads were add-
ed to a concentration of 0.14mg per well. The plates were
allowed to incubate at 22°C for 10 minutes before cen-
trifugation at 1500 rpm for 1 minute. P33 incorporation
was quantified by scintillation counting in a Packard Top-
Count.

Claims

1. The compound which is N-(3-{[2-(4-Amino-furazan-
3-yl)- 1-ethyl-1H- imidazo [4,5-c]pyridine-6-yl]oxy}
phenyl)- 4- { [2-4- morpholinyl) ethyl] oxy} benzamide
or a pharmaceutically acceptable salt thereof

2. Compound according to claim 1 for use in the treat-
ment of a disease selected from the group consisting
of:

hypertension, chronic and congestive heart fail-
ure, ischemic angina, cardiac hypertrophy and

fibrosis, restenosis, chronic renal failure, athero-
sclerosis, asthma, male erectile dysfunctions,
female sexual dysfunction and over-active blad-
der syndrome, stroke, multiple sclerosis, Alzhe-
imer’s disease, Parkinson’s disease, amyo-
trophic lateral sclerosis, inflammatory pain,
rheumatoid arthritis, irritable bowel syndrome,
inflammatory bowel disease, Crohn’s diseases,
indications requiring neuronal regeneration, in-
ducing new axonal growth and axonal rewiring
across lesions within the CNS, spinal cord injury,
acute neuronal injury, Parkinson’s disease,
Alzheimer’s disease, cancer, tumor metastasis,
viral and bacterial infection, glaucoma, insulin
resistance and diabetes.

3. Compound for use according to claim 2 wherein the
disease is selected from the group consisting of:

hypertension, chronic and congestive heart fail-
ure, ischemic angina, asthma, male erectile dys-
functions, female sexual dysfunction, stroke, in-
flammatory bowel diseases, spinal cord injury,
glaucoma and tumor metastasis.

4. Compound for use according to claim 2 or 3 wherein
the disease is glaucoma.

5. Compound for use according to claim 2 or 3 wherein
the disease is selected from the group consisting of:

hypertension, chronic and congestive heart fail-
ure, ischemic angina.

6. A pharmaceutical composition comprising a com-
pound according to claim 1 and a suitable carrier.

Patentansprüche

1. Verbindung, die N-(3-{[2-(4-Aminofurazan-3-yl)-1-
ethyl-1H-imidazol[4,5-c]pyridin-6-yl]oxy}phenyl)-4-{
[2-4-morpholinyl)ethyl]oxy}benzamid oder ein phar-
mazeutisch akzeptables Salz davon ist:
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2. Verbindung gemäß Anspruch 1 zur Verwendung in
der Behandlung einer Erkrankung, die ausgewählt
ist aus:

Bluthochdruck, chronischer und kongestiver
Herzinsuffizienz, ischämischer Angina, Herzhy-
pertrophie und Fibrose, Restenose, chronischer
Niereninsuffizienz, Atherosklerose, Asthma,
männlicher erektiler Dysfunktionen, weiblicher
sexueller Dysfunktionen und überaktivem Bla-
sensyndrom, Schlaganfall, multipler Sklerose,
Alzheimer-Erkrankung, Parkinson-Erkrankung,
amyotropher Lateralsklerose, Entzündungs-
schmerz, rheumatoider Arthritis, Reizdarmsyn-
drom, entzündlicher Darmerkrankung, Crohn-
Erkrankung, Indikationen, die eine neuronale
Regeneration erfordern, ein Induzieren von neu-
em Axonalwachstum und Axonalverdrahtung
über Verletzungen innerhalb des zentralen Ner-
vensystems, Rückenmarksverletzungen, aku-
ten neuronalen Verletzungen, Parkinson-Er-
krankung, Alzheimer-Erkrankung, Krebs, Tu-
mormetastase, viraler und bakterieller Infektion,
Glaukoma, Insulinresistenz und Diabetes.

3. Verbindung zur Verwendung gemäß Anspruch 2,
worin die Erkrankung ausgewählt ist aus:

Bluthochdruck, chronischer und kongestiver
Herzinsuffizienz, ischämischer Angina, Asthma,
männlicher erektiler Dysfunktionen, weiblicher
sexueller Dysfunktionen, Schlaganfall, entzünd-
lichen Darmerkrankungen, Rückenmarksverlet-
zungen, Glaukoma und Tumormetastase.

4. Verbindung zur Verwendung gemäß Anspruch 2
oder 3, worin die Erkrankung Glaukoma ist.

5. Verbindung zur Verwendung gemäß Anspruch 2
oder 3, worin die Erkrankung ausgewählt ist aus:

Bluthochdruck, chronischer und kongestiver
Herzinsuffizienz und ischämischer Angina.

6. Pharmazeutische Zusammensetzung, die eine Ver-
bindung gemäß Anspruch 1 und einem geeigneten
Träger umfasst.

Revendications

1. Composé qui est le N-(3-{[2-(4-amino-furazan-3-yl)-
1-éthyl-1H-imidazo[4,5-c]pyridine-6-yl]oxy}phényl)-
4-{[2-4-morpholinyl)éthyl]oxy}benzamide, ou des
sels pharmaceutiquement acceptables de celui-ci

2. Composé selon la revendication 1 à utiliser dans le
traitement d’une maladie choisie dans le groupe
constitué par :

l’hypertension, l’insuffisance cardiaque chroni-
que et congestive, l’angine ischémique, l’hyper-
trophie et la fibrose cardiaques, la resténose,
l’insuffisance rénale chronique, l’athéroscléro-
se, l’asthme, les dysfonctionnements érectiles
chez l’homme, les dysfonctionnements sexuels
chez la femme et le syndrome de la vessie hy-
peractive, un accident vasculaire cérébral, la
sclérose en plaques, la maladie d’Alzheimer, la
maladie de Parkinson, la sclérose latérale
amyotrophique, une douleur inflammatoire, la
polyarthrite rhumatoïde, le syndrome du côlon
irritable, l’affection abdominale inflammatoire, la
maladie de Crohn, les indications requérant une
régénération neuronale, induisant une nouvelle
croissance axonale et un renouvellement des
connexions axonales à travers des lésions au
sein du système nerveux central, une lésion à
la moelle épinière, une lésion neuronale aiguë,
la maladie de Parkinson, la maladie d’Alzhei-
mer, un cancer, une métastase tumorale, une
infection virale et bactérienne, glaucome, l’insu-
linorésistance et le diabète.

3. Composé à utiliser selon la revendication 2, dans
lequel la maladie est choisie dans le groupe consti-
tué par :
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l’hypertension, l’insuffisance cardiaque chroni-
que et congestive, l’angine ischémique, l’asth-
me, les dysfonctionnements érectiles chez
l’homme, les dysfonctionnements sexuels chez
la femme, un accident vasculaire cérébral, les
affections abdominales inflammatoires, une lé-
sion à la moelle épinière, un glaucome et une
métastase tumorale.

4. Composé pour une utilisation selon les revendica-
tions 2 ou 3, dans laquelle la maladie est un glau-
come.

5. Composé à utiliser selon les revendications 2 ou 3,
dans lequel la maladie est choisie dans le groupe
constitué par :

l’hypertension, l’insuffisance cardiaque chroni-
que et congestive et l’angine ischémique.

6. Composition pharmaceutique comprenant le com-
posé selon la revendication 1 et un support appro-
prié.
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