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3- (1, 3-BENZODIOXOL-5-YL) -6- (4-CYCLOPROPYLPIPERAZIN-1-YL) -
PYRIDAZINE, ITS SALTS AND SOLVATES AND ITS USE AS HISTAMINE H3
RECEPTOR ANTAGONIST

FIELD OF THIS INVENTION

The present invention relates to novel compounds being histamine H3 receptor
antagonists, to the use of these compounds in pharmaceutical compositions, to
pharmaceutical compositions comprising the compounds, and to methods of treatment
employing these compounds or compositions. The present compounds show a high and
selective binding affinity for the histamine H3 receptor, indicating histamine H3 receptor
antagonistic, inverse agonistic or agonistic activity. As a result, the compounds are

useful for the treatment of diseases or disorders related to the histamine H3 receptor.

BACKGROUND OF THIS INVENTION

Any discussion of the prior art throughout the specification should in no way be
considered as an admission that such prior art is widely known or forms part of common
general knowledge in the field.

The existence of the histamine H3 receptor has been known for several years
and the receptor is of current interest for the development of new medicaments (see, for
example, Drugs Fut 1996, 21: 507-20; Progress in Drug Research 1995; 45: 107-65).
The human histamine H3 receptor has been cloned, cf. Molecular Pharmacology, 1999;
55: 1101-7. The histamine H3 receptor is a presynaptic autoreceptor located mainly in
the central nervous system. Recent evidence suggests that the H3 receptor shows
intrinsic, constitutive activity, in vitro as well as in vivo (i.e., it is active in the absence of
an agonist; see, for example, Nature 2000; 408: 860-4). Compounds acting as inverse
agonists can inhibit this activity. The histamine H3 receptor has been demonstraied to
regulate the release of histamine and also of other neurotransmitters such as serotonin
and acetylcholine. A histamine H3 receptor antagonist or inverse agonist would
therefore be expected to increase the release of these neurotransmitters in the brain. A
histamine H3 receptor agonist, on the contrary, leads to an inhibition of the biosynthesis
of histamine and an inhibition of the release of histamine and also of other
neurotransmitters such as serotonin and acetylcholine. These findings suggest that
histamine H3 receptor agonists, inverse agonists and antagonists could be important
mediators of neuronal activity. Accordingly, the histamine H3 receptor is an important
target for new therapeutics.

Several publications disclose the preparation and use of histamine H3 agonists
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and antagonists. Some of these are imidazole derivatives (see, for example, Drugs Fut
1996, 21: 507-20; Expert Opinion on Therapeutic Patents 2000; 10: 1045-55). However,
a variety of imidazole-free ligands of the histamine H3 receptor is also described (see,
for example, Arch Pharm Pharm Med Chem 1999; 332: 389-98; J Med Chem 2000; 43:
2362-70; Arch Pharm Pharm Med Chem 1998; 331: 395-404; Il Farmaco 1999; 54: 684-
94; WO 99/42458, EP 0 978 512, WO 97/17345, US 6,316,475, WO 01/66534, WO
01/74810, WO 01/44191, WO 01/74815, WO 01/74773, WO 01/74813, WO 01/74814
and WO 02/12190. The state of the art is also reviewed in Drug Discovery Today,
2005, 10: 1613-17, Nat Rev Drug Discov, 2005; 4: 107, and Drug Dev Res, 2006. 67:
651-665. In view of the art's interest in histamine H3 receptor agonists, inverse agonists
and antagonists, novel compounds which interact with the histamine H3 receptor would
be a highly desirable contribution to the art.

In WO 03/066604, 3-(4-cyclopropylpiperazin-1-yl)-6-(3,4-
dimethoxyphenyl)pyridazine hydrochloride is mentioned in Example 127.

The present invention relates to compounds having a reducing effect on the
intake of food.

The invention also relates to compounds which can be used for the reduction of
weight.

The invention also relates to compounds which can be used for the treatment of
overweight or obesity.

The invention also relates to compounds which can be used for the supprassion
of appetite or for satiety induction.

The invention further relates to compounds which can be used for the treatment
of type-2 diabetes.

The invention further relates to compounds which can be used to cure or
prevent other of the diseases or pharmacological conditions mentioned below.

The invention still further relates to compounds which fulfil the general
requirements of a medicament, such as non-toxicity, non-mutagenicity and abserice of
adverse events after administration to humans.

It is an object of this invention is to overcome or ameliorate at least one of the

disadvantages of the prior art, or to provide a useful alternative.

DEFINITIONS
In the structural formulae given herein and throughout the present specification,
the following terms have the indicated meaning:
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The term “solvate” as used herein is a complex of defined stoichiometry formed
by a solute (in casu, a compound according to the present invention) and a solvent.
Solvents are those commonly used in the pharmaceutical art, by way of example, water,
ethanol, acetic acid, and the like. The term “hydrate” refers to the complex where the
solvent molecule is water.

The term “treatment” as used herein means the management and care of a
patient for the purpose of combating a disease, disorder or condition. The term is
intended to include the delaying of the progression of the disease, disorder or condition,
the alleviation or relief of symptoms and complications, and/or the cure or elimination of
the disease, disorder or condition. The patient to be treated is preferably a mammal, in
particular a human being.

The terms “disease”, “condition” and “disorder” as used herein are used
interchangeably to specify a state of a patient which is not the normal physiological
state of man.

The term “medicament” as used herein means a pharmaceutical composition
suitable for administration of the pharmaceutically active compound to a patient.

The term “prodrug” as used herein includes biohydrolyzable amides and
biohydrolyzable esters and also encompasses a) compounds in which the
biohydrolyzable functionality in such a prodrug is encompassed in the compound
according to the present invention, and b) compounds which may be oxidized or
reduced biologically at a given functional group to yield drug substances according to
the present invention. Examples of these functional groups include 1,4-dihydropyridine,
N-alkylcarbonyl-1,4-dihydropyridine, 1,4-cyclohexadiene, tert-butyl, and the like.

The term “biohydrolyzable ester” as used herein is an ester of a drug subsitance
(in this invention, a compound of formula 1) which either a) does not interfere with the
biological activity of the parent substance but confers on that substance advantageous
properties in vivo such as duration of action, onset of action, and the like, or b) is
biologically inactive but is readily converted in vivo by the subject to the biologically
active principle. The advantage is that, for example, the biohydrolyzable ester is orally
absorbed from the gut and is transformed to (I) in plasma. Many examples of such are
known in the art and include by way of example lower alkyl esters (for example,, C1.4-
alkyl esters), lower acyloxyalkyl esters, lower alkoxyacyloxyalkyl esters, alkoxyacyloxy
esters, alkyl acylamino alkyl esters, and choline esters.

The term “biohydrolyzable amide” as used herein is an amide of a drug
substance (in this invention, a compound of general formula 1) which either a) doess not

interfere with the biological activity of the parent substance but confers on that
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substance advantageous properties in vivo such as duration of action, onset of action,
and the like, or b) is biologically inactive but is readily converted in vivo by the subject to
the biologically active principle. The advantage is that, for example, the biohydrolyzable
amide is orally absorbed from the gut and is transformed to (l) in plasma. Many
examples of such are known in the art and include by way of example lower alkyl
amides, a-amino acid amides, alkoxyacyl amides, and alkylaminoalkylcarbony! arnides.

The term “pharmaceutically acceptable” as used herein means suited for normal
pharmaceutical applications, i.e. giving rise to no adverse events in patients etc.

The term “effective amount” as used herein means a dosage which is sufficient in order
for the treatment of the patient to be effective compared with no treatment.

The term "therapeutically effective amount" of a compound as used herein
means an amount sufficient to cure, alleviate or partially arrest the clinical
manifestations of a given disease and its complications. An amount adequate to
accomplish this is defined as "therapeutically effective amount". Effective amounts for
each purpose will depend on the severity of the disease or injury as well as the weight
and general state of the subject. It will be understood that determining an appropriate
dosage may be achieved using routine experimentation, by constructing a matrix of
values and testing different points in the matrix, which is all within the ordinary skills of a
trained physician or veterinary.

The term "metabolite” as used herein is any intermediate or product resulting
from metabolism.

The term “metabolism” as used herein refer to the biotransformation of a drug
substance (in this invention, a compound of general formula 1) administered to a patient.
The representative examples mentioned above are specific embodiments of this
invention.

Unless the context clearly requires otherwise, throughout the description and the
claims, the words “comprise”, “comprising”, and the like are to be construed in an
inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the

sense of “including, but not limited to”.

SUMMARY OF THIS INVENTION

According to a first aspect, the present invention provides a 3-(1,3-Benzodioxol-
5-yl)-6-(4-cyclopropylpiperazin-1-yl)pyridazine, or a pharmaceutically acceptable salt
thereof.
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According to a second aspect, the present invention provides a pharmaceutical
composition comprising a compound of the invention and a pharmaceutically
acceptable carrier or excipient.

According to a third aspect, the present invention provides a method of treating

5 obesity comprising administering to a human a compound of the invention. ;

According to a fourth aspect, the present invention provides a method of
suppressing appetite comprising administering to a human a compound of the
invention.

According to a fifth aspect, the present invention provides use of a compound

10 according to the invention in the preparation of a medicament for treating obesity.

According to a sixth aspect, the present invention provides use of a compound
according to the invention in the preparation of a medicament for suppressing appetite.

According to a seventh aspect, the present invention provides a method of
treating depression comprising administering to a human a compound of the invention.

15 According to an eighth aspect, the present invention provides use of a
compound of the invention in the preparation of a medicament for treating depression.

The invention relates to compounds mentioned in the claims below. The

compounds of this invention differ structurally from the known compounds.
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Due to their interaction with the histamine H3 receptor, compounds of this invention are use-
ful in the treatment of a wide range of conditions and disorders in which an interaction with the hista-
mine H3 receptor is beneficial. Thus, the compounds may find use, for example, in the treatment of
diseases of the central nervous system and in the peripheral nervous system.

The invention also relates to the use of said compounds in therapy, and in particular to
pharmaceutical compositions comprising said compounds.

In another embodiment, the invention relates to methods of treatment, the method compris-
ing administering to a subject in need thereof an effective amount of a compound claimed herein.

In a still further embodiment, the invention relates to the use of compounds claimed herein in

the manufacture of medicaments.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Due to their interaction with the histamine H3 receptor, the compounds of this invention as defined in
the claims below and elsewhere in this specification are useful in the treatment of a wide range of
conditions and disorders in which an interaction with the histamine H3 receptor is beneficial. Thus, the
compounds may find use, for example, in the treatment of diseases of the central nervous system and
in the peripheral nervous system.

The compounds of the present invention interact with the histamine H3 receptor and are ac-
cordingly particularly useful in the treatment of a variety of diseases or conditions in which histamine
H3 interactions are beneficial.

In one aspect, the invention provides the use of a compound as claimed herein in a pharma-
ceutical composition. The pharmaceutical composition may in another aspect of the invention com-
prise, as an active ingredient, at least one compound as claimed herein together with one or more
pharmaceutically acceptable carriers or excipients. In another aspect, the invention provides such a
pharmaceutical composition in unit dosage form, comprising from about 0.05 mg to about 1000 mg, for
example, from about 0.1 mg to about 500 mg, such as from about 0.5 mg to about 200 mg of a com-
pound claimed herein.

In another aspect, the invention provides the use of a compound claimed herein for the
preparation of a pharmaceutical composition for the treatment of diseases and disorders in which an
inhibition of the H3 histamine receptor has a beneficial effect.

In another aspect, the invention provides the use of a compound claimed herein for the
preparation of a pharmaceutical composition having histamine H3 antagonistic activity or histamine H3
inverse agonistic activity.

In another aspect the invention provides the use of a compound claimed herein for the
preparation of a pharmaceutical composition for the reduction of weight.

In another aspect, the invention provides the use of a compound claimed herein for the
preparation of a pharmaceutical composition for the treatment of overweight or obesity.

In another aspect, the invention provides the use of a compound claimed herein for the

preparation of a pharmaceutical composition for the suppression of appetite or for satiety induction.
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In another aspect, the invention provides the use of a compound claimed herein for the
preparation of a pharmaceutical composition for the prevention and/or treatment of disorders and dis-
eases related to overweight or obesity, such as dyslipidaemia, coronary heart disease, gallbladder
disease, osteoarthritis and various types of cancer such as endometrial, breast, prostate and colon
cancers.

In another aspect, the invention provides the use of a compound claimed herein for the
preparation of a pharmaceutical composition for the prevention and/or treatment of eating disorders,
such as bulimia or binge eating.

In another aspect, the invention provides the use of a compound claimed herein for the
preparation of a pharmaceutical composition for the treatment of IGT (Impaired glucose tolerance).

In another aspect, the invention provides the use of a compound claimed herein for the
preparation of a pharmaceutical composition for the treatment of type 2 diabetes.

In another aspect, the invention provides the use of a compound claimed herein for the
preparation of a pharmaceutical composition for the delaying or prevention of the progression from
IGT to type 2 diabetes.

In another aspect, the invention provides the use of a compound claimed herein for the
preparation of a pharmaceutical composition for the delaying or prevention of the progression from
non-insulin requiring type 2 diabetes to insulin requiring type 2 diabetes.

In another aspect, the invention provides the use of a compound claimed herein for the
preparation of a pharmaceutical composition for the treatment of diseases and disorders in which a
stimulation of the H3 histamine receptor has a beneficial effect.

In another aspect, the invention provides the use of a compound claimed herein for the
preparation of a pharmaceutical composition having histamine H3 agonistic activity.

In another aspect, the invention provides the use of a compound claimed herein for the
preparation of a pharmaceutical composition for the treatment of allergic rhinitis, ulcer or anorexia.

In another aspect, the invention provides the use of a compound claimed herein for the
preparation of a pharmaceutical composition for the treatment of Alzheimer's disease, narcolepsy, at-
tention deficit disorders or reduced wakefulness, or for the regulation of sleep.

In another aspect, the invention relates to the use of a compound claimed herein for the
preparation of a pharmaceutical preparation for the treatment of airway disorders, such as asthma, for
regulation of gastric acid secretion, or for treatment of diarrhoea.

In another aspect, the invention provides a method for the treatment of disorders or diseases
related to the H3 histamine receptor, the method comprising administering to a subject in need thereof
an effective amount of a compound claimed herein, or of a pharmaceutical composition comprising
such a compound.

In another aspect, the invention provides a method as described above, wherein the effec-
tive amount of a compound claimed herein is in the range of from about 0.05 mg to about 2000 mg,
preferably from about 0.1 mg to about 1000 mg, and more preferably from about 0.5 mg to about 500
mg per day.



10

15

20

25

30

35

WO 2007/137968 PCT/EP2007/054940
6

In one aspect, the invention relates to compounds which exhibit histamine H3 receptor an-
tagonistic activity or inverse agonistic activity and which may accordingly be useful in the treatment of
a wide range of conditions and disorders in which histamine H3 receptor blockade is beneficial.

In another aspect, the invention provides a method for reduction of weight, the method com-
prising administering to a subject in need thereof an effective amount of a compound claimed herein.

In another aspect, the invention provides a method for treatment of overweight or obesity,
the method comprising administering to a subject in need thereof an effective amount of a compound
claimed herein.

In another aspect, the invention provides a method for suppression of appetite or for satiety
induction, the method comprising administering to a subject in need thereof an effective amount of a
compound claimed herein.

In another aspect, the invention provides a method for prevention and/or treatment of disor-
ders or diseases related to overweight or obesity, such as dyslipidaemia, coronary heart disease, gall-
bladder disease, osteoarthritis and various types of cancer, for example, endometrial, breast, prostate
or colon cancer, the method comprising administering to a subject in need thereof an effective amount
of a compound claimed herein.

In another aspect, the invention provides a method for prevention and/or treatment of eating
disorders, such as bulimia and binge eating, the method comprising administering to a subject in need
thereof an effective amount of a compound claimed herein.

In another aspect, the invention provides a method for the treatment of IGT (Impaired glu-
cose tolerance), the method comprising administering to a subject in need thereof an effective amount
of a compound claimed herein.

In another aspect, the invention provides a method for the treatment of type 2 diabetes, the
method comprising administering to a subject in need thereof an effective amount of a compound
claimed herein.

In another aspect, the invention provides a method for the delaying or prevention of the pro-
gression from IGT to type 2 diabetes, the method comprising administering to a subject in need
thereof an effective amount of a compound claimed herein.

In another aspect, the invention provides a method for the delaying or prevention of the pro-
gression from non-insulin requiring type 2 diabetes to insulin requiring type 2 diabetes, the method
comprising administering to a subject in need thereof an effective amount of a compound claimed
herein.

In another aspect, the invention relates to compounds which exhibit histamine H3 receptor
agonistic activity and which may accordingly be useful in the treatment of a wide range of conditions
and disorders in which histamine H3 receptor activation is beneficial.

Compounds of the present invention may also be used for the treatment of airway disorders

(such as asthma), as anti-diarrhoeals, and for the modulation of gastric acid secretion.
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Furthermore, compounds of the present invention may be used for the treatment of diseases
associated with the regulation of sleep and wakefulness, and for the treatment of narcolepsy and at-
tention deficit disorders.

Moreover, compounds of the invention may be used as CNS stimulants or as sedatives.

The present compounds may also be used for the treatment of conditions associated with
epilepsy. Additionally, compounds of the invention may be used for the treatment of motion sickness
and vertigo. Furthermore, they may be useful as regulators of hypothalamo-hypophyseal secretion, as
antidepressants, as modulators of cerebral circulation, and in the treatment of irritable bowel syn-
drome.

Further, compounds of the present invention may be used for the treatment of dementia and
Alzheimer's disease.

Compounds of the present invention may also be useful for the treatment of allergic rhinitis,
ulcer or anorexia.

Compounds of the present invention may furthermore be useful for the treatment of migraine
(see, for example, The Journal of Pharmacology and Experimental Therapeutics 1998; 287: 43-50)
and for the treatment of myocardial infarction (see Expert Opinion on Investigational Drugs 2000; 9:
2537-42).

In a further aspect of the invention, treatment of a patient with a compound of the present in-
vention is combined with diet and/or exercise.

In a further aspect of the invention, one of more a compound claimed herein is/are adminis-
tered in combination with one or more further active substances in any suitable ratio(s). Such further
active agents may, for example, be selected from antiobesity agents, antidiabetics, antidyslipidemic
agents, antihypertensive agents, agents for the treatment of complications resulting from or associated
with diabetes, and agents for the treatment of complications and disorders resulting from or associated
with obesity.

Thus, in a further aspect of this invention, a compound claimed herein may be administered
in combination with one or more antiobesity agents or appetite regulating agents. Such agents may,
for example, be selected from the group consisting of CART (cocaine amphetamine regulated tran-
script) agonists, NPY (neuropeptide Y) antagonists, MC4 (melanocortin 4) agonists, MC3 (melano-
cortin 3) agonists, orexin antagonists, TNF (tumor necrosis factor) agonists, CRF (corticotropin releas-
ing factor) agonists, CRF BP (corticotropin releasing factor binding protein) antagonists, urocortin ago-
nists, 3 adrenergic agonists such as CL-316243, AJ-9677, GW-0604, LY362884, LY377267 or AZ-
40140, MSH (melanocyte-stimulating hormone) agonists, MCH (melanocyte-concentrating hormone)
antagonists, CCK (cholecystokinin) agonists, serotonin re-uptake inhibitors such as fluoxetine, seroxat
or citalopram, serotonin and noradrenaline re-uptake inhibitors, mixed serotonin and noradrenergic
compounds, 5HT (serotonin) agonists, bombesin agonists, galanin antagonists, growth hormone,
growth factors such as prolactin or placental lactogen, growth hormone releasing compounds, TRH
(thyreotropin releasing hormone) agonists, UCP 2 or 3 (uncoupling protein 2 or 3) modulators, leptin

agonists, DA agonists (bromocriptin, doprexin), lipase/amylase inhibitors, PPAR (peroxisome prolifera-
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tor-activated receptor) modulators, RXR (retinoid X receptor) modulators, TR B agonists, AGRP
(Agouti related protein) inhibitors, opioid antagonists (such as naltrexone), exendin-4, GLP-1 and
ciliary neurotrophic factor.

In one embodiment of the invention, an antiobesity agent administered in combination with
one or more compounds of the invention is leptin.

In another embodiment, such an antiobesity agent is dexamphetamine or amphetamine.

In another embodiment, such an antiobesity agent is fenfluramine or dexfenfluramine.

In still another embodiment, such an anticbesity agent is sibutramine.

In a further embodiment, such an antiobesity agent is orlistat.

In another embodiment, such an antiobesity agent is mazindol or phentermine.

In still another embodiment, such an antiobesity agent is phendimetrazine, diethylpropion,
fluoxetine, bupropion, topiramate or ecopipam.

In yet a further aspect of the invention, a compound claimed herein may be administered in
combination with one or more antidiabetic agents. Relevant antidiabetic agents include insulin, insulin
analogues and derivatives such as those disclosed in EP 0 792 290 (Novo Nordisk A/S), for exam-
pIe,NSBzg—tetradecanoyl des(B30) human insulin, EP 0 214 826 and EP 0 705 275 (Novo Nordisk A/S),
for example, Asp®*® human insulin, US 5,504,188 (Eli Lilly), for example, Lys®® Pro®?® human insulin,
EP 0 368 187 (Aventis), for example, Lantus®, all of which are incorporated herein by reference, GLP-
1 derivatives, such as those disclosed in WO 98/08871 (Novo Nordisk A/S), incorporated herein by
reference, as well as orally active hypoglycaemic agents.

The orally active hypoglycaemic agents preferably comprise imidazolines, sulfonylureas, bi-
guanides, meglitinides, oxadiazolidinediones, thiazolidinediones, insulin sensitizers, o-glucosidase
inhibitors, agents acting on the ATP-dependent potassium channel of the B-cells, for example, potas-
sium channel openers such as those disclosed in WO 97/26265, WO 99/03861 and WO 00/37474
(Novo Nordisk A/S) which are incorporated herein by reference, or mitiglinide, or a potassium channel
blocker, such as BTS-67582, nateglinide, glucagon antagonists, such as one of those disclosed in WO
99/01423 and WO 00/39088 (Novo Nordisk A/S and Agouron Pharmaceuticals, Inc.), both of which
are incorporated herein by reference, GLP-1 agonists, such as those disclosed in WO 00/42026 (Novo
Nordisk A/S and Agouron Pharmaceuticals, Inc.), incorporated herein by reference, DPP-IV (dipeptidyl
peptidase-1V) inhibitors, PTPase (protein tyrosine phosphatase) inhibitors, inhibitors of hepatic en-
zymes involved in stimulation of gluconeogenesis and/or glycogenolysis, glucose uptake modulators,
GSK-3 (glycogen synthase kinase-3) inhibitors, compounds modifying the lipid metabolism such as
antilipidemic agents, compounds lowering food intake, PPAR (peroxisome proliferator-activated recep-
tor) and RXR (retinoid X receptor) agonists, such as ALRT-268, LG-1268 or LG-1069.

In one embodiment of the invention, a compound claimed herein may be administered in
combination with insulin or an insulin analogue or derivative, such as NSBzg—tetradecanoyI des(B30)
human insulin, As,p'328 human insulin, LysBZB Pro®?° human insulin, Lantus®, or a mix-preparation com-

prising one or more of these.
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In a further embodiment of the invention, one or a compound claimed herein may be admin-
istered in combination with a sulfonylurea, for example, tolbutamide, chlorpropamide, tolazamide,
glibenclamide, glipizide, glimepiride, glicazide or glyburide.

In another embodiment of the invention, a compound claimed herein may be administered in
combination with a biguanide, for example, metformin.

In yet another embodiment of the invention, a compound claimed herein may be adminis-
tered in combination with a meglitinide, for example, repaglinide or nateglinide.

In still another embodiment of the invention, a compound claimed herein may be adminis-
tered in combination with a thiazolidinedione insulin sensitizer, for example, troglitazone, ciglitazone,
pioglitazone, rosiglitazone, isaglitazone, darglitazone, englitazone, CS-011/CI-1037 or T 174, ora
compound disclosed in WO 97/41097, WO 97/41119, WO 97/41120, WO 00/41121 and WO
98/45292, all of which are incorporated herein by reference.

In still another embodiment of the invention, a compound claimed herein may be adminis-
tered in combination with an insulin sensitizer, for example, such as Gl 262570, YM-440, MCC-555,
JTT-501, AR-H039242, KRP-297, GW-409544, CRE-16336, AR-H049020, LY510929, MBX-102,
CLX-0940, GW-501516, or a compound disclosed in WO 99/19313, WO 00/50414, WO 00/63191, WO
00/63192, WO 00/63193, WO 00/23425, WO 00/23415, WO 00/23451, WO 00/23445, WO 00/23417,
WO 00/23416, WO 00/63153, WO 00/63196, WO 00/63209, WO 00/63190 or WO 00/63189 (Novo
Nordisk A/S), all of which are incorporated herein by reference.

In a further embodiment of the invention, a compound claimed herein may be administered
in combination with an a-glucosidase inhibitor, for example, voglibose, emiglitate, miglitol or acarbose.

In another embodiment of the invention, a compound claimed herein may be administered in
combination with an agent acting on the ATP-dependent potassium channel of the -cells, for exam-
ple, tolbutamide, glibenclamide, glipizide, glicazide, BTS-67582 or repaglinide.

In yet another embodiment of the invention, a compound claimed herein may be adminis-
tered in combination with nateglinide.

In still another embodiment, a compound claimed herein may be administered in combina-
tion with an antihyperlipidemic agent or antilipidemic agent, for example, cholestyramine, colestipol,
clofibrate, gemfibrozil, lovastatin, pravastatin, simvastatin, probucol or dextrothyroxine.

In still another embodiment of the invention, a compound claimed herein may be adminis-
tered in combination with an antilipidemic agent, for example, cholestyramine, colestipol, clofibrate,
gemfibrozil, lovastatin, pravastatin, simvastatin, probucol or dextrothyroxine.

In another aspect of the invention, a compound claimed herein may be administered in com-
bination with more than one of the above-mentioned compounds, for example, in combination with
metformin and a sulfonylurea such as glyburide; a sulfonylurea and acarbose; nateglinide and met-
formin; acarbose and metformin; a sulfonylurea, metformin and troglitazone; insulin and a sulfonyl-
urea; insulin and metformin; insulin, metformin and a sulfonylurea; insulin and troglitazone; insulin and

lovastatin; etc.
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Furthermore, a compound claimed herein may be administered in combination with one or
more antihypertensive agents. Examples of antihypertensive agents are B-blockers such as alprenolol,
atenolol, timolol, pindolol, propranoclol and metoprolol, ACE (angiotensin converting enzyme) inhibitors
such as benazepril, captopril, enalapril, fosinopril, lisinopril, quinapril and ramipril, calcium channel
blockers such as nifedipine, felodipine, nicardipine, isradipine, nimodipine, diltiazem and verapamil,
and o-blockers such as doxazosin, urapidil, prazosin and terazosin. Further reference can be made to
Remington: The Science and Practice of Pharmacy, 19" Edition, Gennaro, Ed., Mack Publishing Co.,
Easton, PA, 1995.

It should be understood that any suitable combination of compounds according to the inven-
tion with diet and/or exercise, one or more of the above-mentioned compounds and optionally one or
more other active substances are considered to be within the scope of the present invention.

The compounds of the present invention may be chiral, and it is intended that any enanti-
omers, as separated, pure or partially purified enantiomers or racemic mixtures thereof are included
within the scope of the invention.

Furthermore, when a double bond or a fully or partially saturated ring system or more than
one center of asymmetry or a bond with restricted rotatability is present in the molecule diastereomers
may be formed. It is intended that any diastereomers, as separated, pure or partially purified di-
astereomers or mixtures thereof are included within the scope of the invention.

Furthermore, some of the compounds of the present invention may exist in different tauto-
meric forms and it is intended that any tautomeric forms, which the compounds are able to form, are
included within the scope of the present invention.

The present invention also encompasses pharmaceutically acceptable salts of the present
compounds. Such salts include pharmaceutically acceptable acid addition salts, pharmaceutically ac-
ceptable metal salts, ammonium and alkylated ammonium salts. Acid addition salts include salts of
inorganic acids as well as organic acids. Representative examples of suitable inorganic acids include
hydrochleric, hydrobromic, hydroiodic, phosphoric, sulfuric, nitric acids and the like. Representative
examples of suitable organic acids include formic, acetic, trichloroacetic, trifluoroacetic, propionic,
benzoic, cinnamic, citric, fumaric, glycolic, lactic, maleic, malic, malonic, mandelic, oxalic, picric, pyru-
vic, salicylic, succinic, methanesulfonic, ethanesulfonic, tartaric, ascorbic, pamoic, bismethylene sali-
cylic, ethanedisulfonic, gluconic, citraconic, aspartic, stearic, palmitic, EDTA, glycolic, p-aminobenzoic,
glutamic, benzenesulfonic, p-toluenesulfonic acids and the like. Further examples of pharmaceutically
acceptable inorganic or organic acid addition salts include the pharmaceutically acceptable salts listed
in J Pharm Sci 1977, 66: 2, which is incorporated herein by reference. Examples of metal salts include
lithium, sodium, potassium, magnesium salts and the like. Examples of ammonium and alkylated am-
monium salts include ammonium, methylammonium, dimethylammonium, trimethylammonium, ethyl-
ammonium, hydroxyethylammonium, diethylammonium, butylammonium, tetramethylammonium salts
and the like.

Also intended as pharmaceutically acceptable acid addition salts are the hydrates which the

present compounds are able to form.
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The acid addition salts may be obtained as the direct products of compound synthesis. Al-
ternatively, the free base may be dissolved in a suitable solvent containing the appropriate acid, and
the salt isolated by evaporating the solvent or otherwise separating the salt and solvent.

Compounds of the present invention may form solvates with standard low molecular weight
solvents using methods well known to the person skilled in the art. Such solvates are also to be un-
derstood as being within the scope of the present invention.

The invention also encompasses prodrugs of the present compounds which following ad-
ministration undergo chemical conversion by metabolic processes before becoming active pharmacol-
ogical substances. In general, such prodrugs will be functional derivatives of the present compounds
which are readily convertible in vivo into the required compound of the formula |. Conventional proce-
dures for the selection and preparation of suitable prodrug derivatives are described, for example, in
Design of Prodrugs, ed.: H. Bundgaard, Elsevier, 1985.

This invention also encompasses active metabolites of the present compounds.

Combining one or more of the individual embodiments described herein, optionally also with
one or more of the individual claims below, results in further embodiments and the present invention re-

lates to all possible combinations of said embodiments and claims.

PHARMACGCEUTICAL COMPOSITIONS

The compounds of the invention may be administered alone or in combination with pharmaceutically
acceptable carriers or excipients, in either single or multiple doses. The pharmaceutical compositions
according to the invention may be formulated with pharmaceutically acceptable carriers or diluents as
well as any other known adjuvants and excipients in accordance with conventional technigues, such
as those disclosed in Remington: The Science and Practice of Pharmacy, 19" Edition, Gennaro, Ed.,
Mack Publishing Co., Easton, PA, 1995.

The pharmaceutical compositions may be specifically formulated for administration by any
suitable route, such as the oral, rectal, nasal, pulmonary, topical (including buccal and sublingual),
transdermal, intracisternal, intraperitoneal, vaginal or parenteral (including subcutaneous, intramuscu-
lar, intrathecal, intravenous and intradermal) route, the oral route being preferred. It will be appreciated
that the preferred route will depend on the general condition and age of the subject to be treated, the
nature of the condition to be treated and the active ingredient chosen.

Pharmaceutical compositions for oral administration include solid dosage forms such as
capsules, tablets, dragees, pills, lozenges, powders and granules. Where appropriate, they can be
prepared with coatings, such as enteric coatings, or they can be formulated so as to provide controlled
release of the active ingredient, such as sustained or prolonged release according to methods well
known in the art.

Liquid dosage forms for oral administration include solutions, emulsions, suspensions, syr-
ups and elixirs.

Pharmaceutical compositions for parenteral administration include sterile aqueous and non-

aqueous injectable solutions, dispersions, suspensions or emulsions as well as sterile powders to be
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reconstituted in sterile injectable solutions or dispersions prior to use. Depot injectable formulations
are also to be understood as being within the scope of the present invention.

Other suitable administration forms include suppositories, sprays, cintments, cremes, gels,
inhalants, dermal patches, implants etc.

A typical oral dosage is in the range of from about 0.001 to about 100 mg/kg body weight per
day, preferably from about 0.01 to about 50 mg/kg body weight per day, and more preferably from
about 0.05 to about 10 mg/kg body weight per day, administered in one or more doses, such as from 1
to 3 doses. The exact dosage will depend upon the frequency and mode of administration, the sex,
age, weight and general condition of the subject treated, the nature and severity of the condition
treated and any concomitant diseases to be treated, and other factors evident to those skilled in the
art.

The formulations may conveniently be presented in unit dosage form by methods known to
those skilled in the art. A typical unit dosage form for oral administration one or more times per day,
such as from 1 to 3 times per day, may contain from 0.05 to about 1000 mg, preferably from about 0.1
to about 500 mg, and more preferably from about 0.5 mg to about 200 mg of a compound (or a salt or
other derivative thereof as set forth above), according to the invention.

For parenteral routes, such as intravenous, intrathecal, intramuscular and similar administra-
tion, typical doses are of the order of about half the dose employed for oral administration.

The compounds of this invention are generally utilized as the free substance or as a phar-
maceutically acceptable salt thereof. One example is an acid addition salt of a compound having a
free base functionality. When a compound of the formula | contains a free base functionality, such
salts are prepared in a conventional manner by treating a solution or suspension of the free base form
of a compound claimed herein with a chemical equivalent (acid-base equivalent) of a pharmaceutically
acceptable acid. Representative examples of relevant inorganic and organic acids are mentioned
above. Physiologically acceptable salts of a compound of the invention having a hydroxy group in-
clude the anion of said compound in combination with a suitable cation, such as sodium or ammonium
ion.

For parenteral administration, solutions of the novel compounds of the formula | in sterile
aqueous solution, aqueous propylene glycol or sesame or peanut oil may be employed. Such aqueous
solutions should be suitably buffered if necessary, and the liquid diluent first rendered isotonic with
sufficient saline or glucose. The aqueous solutions are particularly suitable for intravenous, intramus-
cular, subcutaneous and intraperitoneal administration. The sterile aqueous media employed are all
readily available by standard techniques known to those skilled in the art.

Suitable pharmaceutical carriers include inert solid diluents or fillers, sterile aqueous solution
and various organic solvents. Examples of solid carriers are lactose, terra alba, sucrose, cyclodextrin,
talc, gelatine, agar, pectin, acacia, magnesium stearate, stearic acid or lower alkyl ethers of cellulose.
Examples of liquid carriers are syrup, peanut oil, olive oil, phospholipids, fatty acids, fatty acid amines,
polyoxyethylenes or water. Similarly, the carrier or diluent may include any sustained release material

known in the art, such as glyceryl monostearate or glyceryl distearate, alone or mixed with a wax. The
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pharmaceutical compositions formed by combining the novel compounds of the formula | and the
pharmaceutically acceptable carriers are then readily administered in a variety of dosage forms suit-
able for the disclosed routes of administration. The formulations may conveniently be presented in unit
dosage form by methods known in the art of pharmacy.

Formulations of the present invention suitable for oral administration may be presented as
discrete units such as capsules or tablets, each containing a predetermined amount of the active in-
gredient, and which may include a suitable excipient. These formulations may be in the form of powder
or granules, as a solution or suspension in an agueous or non-aqueous liquid, or as an oil-in-water or
water-in-oil liquid emulsion.

If a solid carrier is used for oral administration, the preparation may be tabletted, placed in a
hard gelatine capsule in powder or pellet form or it can be in the form of a troche or lozenge. The
amount of solid carrier may vary widely, but will usually be from about 25 mg to about 1 g. If a liquid
carrier is used, the preparation may be in the form of a syrup, emulsion, soft gelatine capsule or sterile
injectable liquid, such as an agueous or non-aqueous liquid suspension or solution.

A typical tablet, which may be prepared by conventional tabletting techniques, may in the
core contain 5.0 mg of a compound of the invention, 67.8 mg of lactosum Ph. Eur., 31.4 mg of cellu-
lose, microcrystalline (Avicel), 1.0 mg of Amberlits®IRP88 (i.e., Polacrillin potassium NF, tablet disinte-
grant, Rohm and Haas) and magnesii stearas Ph. Eur. q.s. with a coating of approximately 9 mg of
hydroxypropyl methylcellulose and approximately 0.9 mg of Mywacett 9-40 T (being acylated
monoglyceride used as plasticizer for film coating).

If desired, the pharmaceutical composition of this invention may comprise the compound of
the formula I in combination with one or more further pharmacologically active substances, for exam-
ple, substances chosen among those described in the foregoing.

Briefly, the compounds of this invention can be prepared in a manner known per se or analo-

gous with known processes.

All references, including publications, patent applications, and patents, cited herein are hereby incor-
porated by reference in their entirety and to the same extent as if each reference were individually and
specifically indicated to be incorporated by reference and were set forth in its entirety herein (to the
maximum extent permitted by law).

All headings and sub-headings are used herein for convenience only and should not be con-
strued as limiting the invention in any way.

The use of any and all examples, or exemplary language (for example, “such as”) provided
herein, is intended merely to better illuminate the invention and does not pose a limitation on the
scope of the invention unless otherwise claimed. No language in the specification should be con-
strued as indicating any non-claimed element as essential to the practice of the invention.

The citation and incorporation of patent documents herein is done for convenience only and
does not reflect any view of the validity, patentability, and/or enforceability of such patent documents.

The mentioning herein of references is no admission that they constitute prior art.
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Herein, the word “comprise” is to be interpreted broadly meaning “include”, “contain” or “com-
prehend” (vide, EPO’s guidelines C 4.13).
This invention includes all modifications and equivalents of the subject matter recited in the

claims appended hereto as permitted by applicable law.

The following examples are offered by way of illustration, not by limitation.

EXAMPLES

In the example below, the following terms are intended to have the following, general meanings: h is
hour(s), kD is kiloDalton(s), L is liter(s), M is molar, mg is milligram(s), min is minute(s), mL is millili-
ter(s), mM is millimolar, mmol is millimole(s), mol is mole(s), N is normal, NMR is nuclear magnetic
resonance spectroscopy, DMSO is dimethylsulfoxide, THF is tetrahydrofuran, CDClI; is deuterio chloro-
form, and DMSO-ds is hexadeuterio dimethylsulfoxide.

Briefly, the compounds of this invention can be prepared in a manner known per se or analo-
gous with known processes.

NMR spectra were recorded on a Bruker 300 or 400 MHz spectrometer. Shifts (d) are given

in parts per million (ppm) down field from tetramethylsilane as internal reference standard.

Example 1

3-(1,3-Benzodioxol-5-yl)-6-(4-cyclopropylpiperazin-1-yl)pyridazine dihydrochloride
O,
J

Step 1:
3-Chloro-6-piperazin-1-ylpyridazine

Piperazine (20.0 g, 232 mmol) and 3,6-dichloropyridazine (34.6 g, 232 mmol) were mixed with 2-
butanone and heated at 62 °C for 16h. The reaction mixture was cooled to room temperature and the
precipitated product filtered and washed with 2-butanone. The solid was redissolved in DCM (250 mL),
filtered and the filtrate evaporated. The solid was dried in vacuo to yield 37.3 g, 81% 3-chloro-6-
piperazin-1-ylpyridazine.

"H NMR (400 MHz, CDCl,) 5 7.21 (d, 1H), 6.90 (d, 1H), 3.60 (m, 4H), 3.00 (m, 4H).

Step 2:
3-Chloro-6-(4-cyclopropylpiperazin-1-yl)pyridazine

3-Chloro-6-piperazin-1-ylpyridazine (9.93 g, 50 mmol) was suspended in THF (80 mL), and water
(18.9 mL), [(1-ethoxycyclopropyl)oxy]trimethylsilan (17.423 g, 100 mmol), acetic acid (8.5 mL, 150
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mmol) and sodium cyanoborohydride (4.08 g, 65 mmol) were added. The mixture was heated at 62 °C
for 16h, solvents removed in vacuo and the remainder stirred with DCM (100 mL) and water (75 mL).
The pH was adjusted to 10, the organic phase was separated, washed with water and dried over
magnesium sulphate. Evaporation in vacuo yielded 3-chloro-6-(4-cyclopropylpiperazin-1-yl)pyridazine
as a solid which was recrystallized from acetonitrile to yield the product, 8.18 g, 69%.

"H NMR (400 MHz, CDCl5) 5 7.19 (d, 1H), 6.90 (d, 1H), 3.60 (m, 4H), 2.73 (m, 4H), 1.65 (m, 1H), 0.48
(m, 4H).

Step 3:
3-(1,3-Benzodioxol-5-yl)-6-(4-cyclopropylpiperazin-1-yl)pyridazine dihydrochloride

3-Chloro-6-(4-cyclopropylpiperazin-1-yl)pyridazine (8.0 g, 33.5 mmol), acetonitrile (100 mL), 1M so-
dium carbonate solution (100.5 mL, 100,5 mmol) and bis(triphenylphosphine)palladium(ll)chloride
(1.17 g, 1.67 mmol) were mixed and degassed /n vacuo under nitrogen. 3,4-Methylenedioxybenzene-
boronic acid (8.34 g, 50.3 mmol) was added and the mixture was heated to 80 °C for 16h. The precipi-
tated product was filtered and washed with acetonitrile and water, and dried in vacuo. The solid was
suspended in methanol (500 mL) and 2,2 equivalents of a 4M HCI in dioxane solution was added. The
formed solution was filtered, concentrated /n vacuo and acetonitrile (100 mL) was added. The suspen-
sion was stirred for 1h, filtered and the solid dried in vacuo to yield 3-(1,3-benzodioxol-5-yl)-6-(4-cyclo-
propylpiperazin-1-yl)pyridazine as a yellow powder, 11.4 g, 86%.

"H NMR (400 MHz, DMSO-ds) & 8.37 (d, 1H), 7.95 (d, 1H), 7.65 (d, 1H), 7.62 (dd, 1H), 7.12 (d, 1H),
6.15 (s, 2H), 4.58 (broad d, 2H), 3.30-3.75 (m, 6H) 2.89 (m, 1H), 1.24 (m, 2H), 0.82 (m, 2H).
Microanalysis for C1sH20N4O,, 2 x HCI, 1 x H,O:

Calc: C, 52.06%; H, 5.82%; N, 13.49%;

Found: C,51.91%; H, 5.85%, N, 13.57%.

No mutagenic activity has been found for 3-(1,3-benzodioxol-5-yl)-6-(4-cyclopropylpiperazin-1-yl)-
pyridazine dihydrochloride. Furthermore, in tests with mice, this compound has a reducing effect on

the intake of food.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

1. 3-(1,3-Benzodioxol-5-yl)-6-(4-cyclopropylpiperazin-1-yl)pyridazine, or a
pharmaceutically acceptable salt thereof.

2. The compound of claim 1, where the compound is 3-(1,3-benzodioxol-5-yl)-6-(4-
cyclopropylpiperazin-1-yl)pyridazine.

3. The compound of claim 1, where the compound is a hydrochloride salt of 3-(1,3-
benzodioxol-5-yl)-6-(4-cyclopropylipiperazin-1-yl)pyridazine.

4. The compound of claim 3, where the compound is a 3-(1,3-benzodioxol-5-yl)-6-

(4-cyclopropylpiperazin-1-yl)pyridazine dihydrochloride.

5. A pharmaceutical composition comprising a compound of any one of claims

1 to 4 and a pharmaceutically acceptable carrier or excipient.

6. The pharmaceutical composition of claim 5, where the pharmaceutical
composition comprises a further active agent.

7. A method of treating obesity comprising administering to a human a compound

of any one of claims 1 to 4.

8. A method of suppressing appetite comprising administering to a human a
compound of any one of claims 1 to 4.

9. A method of treating depression comprising administering to a human a
compound of any one of claims 1 to 4.

10. Use of a compound of any one of claims 1 to 4 in the preparation of a
medicament for treating obesity.

11. Use of a compound of any one of claims 1 to 4 in the preparation of a

medicament for suppressing appetite.




2007267197 24 Oct 2011

10

15

20

-17 -

12. Use of a compound of any one of claims 1 to 4 in the preparation of a

medicament for treating depression.

13. 3-(1,3-Benzodioxol-5-yl)-6-(4-cyclopropylpiperazin-1-yl)pyridazine substantially
as herein described with reference to any one or more of the examples but excluding
comparative examples.

14. A pharmaceutical composition substantially as herein described with reference

to any one or more of the examples but excluding comparative examples.

15. A method of treating obesity substantially as herein described with reference to

any one or more of the examples but excluding comparative examples.

16. A method of suppressing appetite substantially as herein described with

reference to any one or more of the examples but excluding comparative examples.

17. A method of treating depression substantially as herein described with reference
to any one or more of the examples but excluding comparative examples.

18. Use of a compound of any one of claims 1 to 4 substantially as herein described
with reference to any one or more of the examples but excluding comparative

examples.



	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS

