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FAST DISSOCIATING DOPAMINE 2 RECEPTOR ANTAGONISTS

Field of the Invention

The present invention relates to 4-aryl-6-piperazin-1-yl-3-substituted-pyridazines that
are fast dissociating dopamine 2 receptor antagonists, processes for preparing these
compounds, pharmaceutical compositions comprising these compounds as an active
ingredient. The compounds find utility as medicines for treating or preventing central
nervous system disorders, for example schizophrenia, by exerting an antipsychotic
effect without motor side effects.

Description of the Invention

Schizophrenia is a severe and chronic mental illness that affects approximately 1 % of
the population. Clinical symptoms are apparent relatively early in life, generally
emerging during adolescence or early adulthood. The symptoms of schizophrenia are
usuzlly divided into those described as positive, including hallucinations, delusions and
disorganised thoughts and thosc referred to as negative, which include social
withdrawal, diminished affect, poverty of speech and the inability to experience
pleasure. In addition, schizophrenic patients are suffering from cognitive deficits, such
as impaired attention and memory. The aetiology of the disease is still unknown, but
aberrant neurotransmitter actions have been hypothesized to underlie the symptoms of
schizophrenia. The dopaminergic hypothesis is one most often considered; it proposes
that hyperactivity of dopamine transmission is responsible for the positive symptoms
observed in schizophrenic patients. This hypothesis is based on the observation that
dopamine enhancing drugs, such as amphetamine or cocaine, may induce psychosis,
and on the correlation that exists between clinical doses of antipsychotics and their
potency in blocking dopamine D2 receptors. All marketed antipsychotics mediate their
therapeutic efficacy against positive symptoms by blocking the dopamine D2 receptor.
Apart from the clinical efficacy, it appears that the major side effects of antipsychotics,
such as extrapyramidal symptoms (EPS) and tardive dyskinesia, are also related to
dopamine antagonism. Those debilitating side effects appear most frequently with the
typical or first generation of antipsychotic (e.g., haloperidol). They are less
pronounced with the atypical or second generation of antipsychotic (e.g., risperidone,
olanzapine) and even virtually absent with clozapine, which is considered the
prototypical atypical antipsychotic. Among the different theories proposed for
explaining the lower incidence of EPS observed with atypical antipsychotics, the one
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that has caught a lot of attention during the last fifteen years, is the multireceptor
hypothesis. It follows from receptor binding studies showing that many atypical
antipsychotics interact with various other neurotransmitter receptors in addition to
dopamine D2 receptors, in particular with the serotonin 5-HT2 receptors, whercas
typical antipsychotic like haloperidol bind more selectively to the D2 receptors. This
thcory has been challenged in recent years because all major atypical antipsychotics
fully occupy the serotonin 5-HT2 receptors at clinically relevant dosages but still differ
in inducing motor side-effects, As an alternative to the multireceptor hypothesis, Kapur
and Seeman (“Does fast dissociation from the dopamine D2 receptor explain the action
of atypical antipsychotics?: A new hypothesis”, Am. J. Psychiatry 2001, 158:3 p.360-
369) have proposed that atypical antipsychotics can be distinguished from typical
antipsychotics by the rates at which they dissociate from dopamine D2 receptors. The
fast dissociation from the D2 receptor would make an antipsychotic more
accommodating of physiological dopamine transmission, permitting an antipsychotic
effect without motor side effects. This hypothesis is particularly convincing when one
considers clozapine and quetiapine. These two drugs have the fastest rate of
dissociation from dopamine D2 receptors and they carry the lowest risk of inducing
EPS in humans. Conversely, typical antipsychotics associated with a high prevalence of
EPS, are the slowest dissociating dopamine D2 receptor antagonists, Therefore,
identifying new drugs based on their rate of dissociation from the D2 receptor appears
a valid strategy to provide new atypical antipsychotics.

As stated previously, current atypical antipsychotics interact with many different
neurotransmitter receptors. Some of these interactions (such as the blockade of
serotonin 5-HT6 and dopamine D3 receptors) may be beneficial when cognitive
impairment and negative symptoms are considered. Indeed, numerous preclinical data
have shown that 5-HT6 receptor antagonism has positive effects on cognitive processes
in rodents (Mitchell and Neumaier (2005) 5-HT6 receptors: a novel target for cognitive
enhancement. Pharmacology & Therapeutics 108:320-333). 5-HT6 antagonism has also
been linked to appetite and food intake suppression. Further, D3 receptor antagonism
enhances social interaction in rats suggesting a possible benefit on negative symptoms
in schizophrenic patients (Joyce and Millan (2005) Dopamine D3 receptor antagonist as
therapeutic agents. Drug Discovery Today 10: 917-925). On the other hand, other
interactions (such as with adrenergic «l, histamine H1 and serotonin 5-HT2C
rceeptors) arc implicated in mediating side-cffects, including hypotension, scdation,
metabolic disorders and weight gain. Therefore, an additional goal is to combine fast
dissociating D2 receptor properties with inhibition of serotonin 5-HT6 and dopamine
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D3 receptors in the absence of interactions with adrenergic o1, histamine H1 and
serotonin 5-HT2C receptors. Such a profile is expected to provide novel compounds
efficacious against positive symptoms, negative symptoms and cognitive deficits while
having less or none of the major side-effects associated with current antipsychotics.

It is the object of the present invention to provide novel compounds that arc fast
dissociating dopamine 2 receptor antagonists as well as serotonin 5-HT6 and dopamine
D3 receptor antagonists which have an advantageous pharmacological profile as
explained hereinbefore, in particular reduced motor side effects, and moderate or
negligible interactions with other receptors resulting in reduced risk of developing
metabolic disorders.

This goal is achieved by the present novel compounds according to Formula (I):
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and stereoisomeric forms thereof, wherein

R! is chloro, triflucromethyl or cyano,
R? is phenyl; phenyl substituted with 1, 2 or 3 substituents each independently
selected from the group consisting of halo, cyano, Cjalkyl, C;.4alkyloxy,
Calkylsulfonyl, perfluoroCqalkyl, perfluoroCialkyloxy, diCisalkylamino,
hydroxyl, and phenyl optionally substituted with 1, 2 or 3 substituents each
independently selected from the group consisting of halo, C.4alkyl and
perfluoroCi4alkyl; thienyl; thienyl substituted with 1 or 2 substituents each
independently selected from the group consisting of halo and C,_salkyl; naphthyl;
pyridinyl; pyrrolyl; benzothiazolyl; indolyl; quinolinyl; Ciscycloalkyl; or
Csscycloalkenyl;
R’ is hydrogen, Cysalkyl, C)4alkyloxy or halo;
R? and R? are each independently hydrogen or Ciqalkyl, or R* and R’ together
form Cj4alkanediyl;
nis 1 or2; and
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R® is hydrogen, Caalkyl, hydroxyCy.aalkyl, Csscycloalkyl, Csgcycloalkyl-
Ciaalkyl, pyridinylmethyl, or phenylmethyl optionally substituted on the phenyl
with 1, 2 or 3 substituents each independently selected from the group consisting
of halo, cyano, Ci.salkyl, Ciaalkyloxy, Cisalkylsulfonyl, perfluoroC,salkyl,
perfluoroCy4alkyloxy and diCy.4alkylamino ; or R® and R® together form
Cysalkanediyl;

and the pharmaceutically acceptable salts and solvates thereof.

The compounds according to the invention are fast dissociating D; receptor antagonists.
In addition, the present compounds have approximately the same affinity for dopamine
D3 and serotonin 5-HT6 receptors as to dopamine D2 receptors. Insofar as tested, the
compounds are antagonists at the three receptor subtypes. This property renders the
compounds according to the invention especially suitable for use as a medicine in the
treatment or prevention of schizophrenia, schizophreniform disorder, schizoaffective
disorder, delusional disorder, brief psychotic disorder, shared psychotic disorder,
psychotic disorder due to a general medical condition, substance-induced psychotic
disorder, psychotic disorder not otherwise specified; psychosis associated with
dementia; major depressive disorder, dysthymic disorder, premenstrual dysphoric
disorder, depressive disorder not otherwise specified, Bipolar I disorder, bipolar II
disorder, cyclothymic disorder, bipolar disorder not otherwise specificd, mood disorder
due to a general medical condition, substance-induced mood disorder, mood disorder
not otherwise specified; generalized anxiety disorder, obsessive-compulsive disorder,
panic disorder, acute stress disorder, post-traumatic stress disorder; mental retardation;
pervasive  developmental disorders, attention deficit disorders, attention-
deficit/hyperactivity disorder, disruptive behaviour disorders; personality disorder of
the paranoid type, personality disorder of the schizoid type, personality disorder of the
schizotypical type; tic disorders, Tourette’s syndrome; substance dependence;
substance abuse; substance withdrawal; trichotillomania; and conditions wherein
cognition is impaired; Alzheimer’s disease, Parkinson’s disease, Huntingdon’s discase,
Lewy Body Dementia, dementia due to HIV disease, dementia due to Creutzfeldt-Jakob
disease; amnestic disorders; mild cognitive impairment; and age-related cognitive
decline; and feeding disorders such as anorexia and bulimia; and obesity.

A skilled person can make a selection of compounds based on the experimental data
provided in the Experimental Part hereinafter. Any selection of compounds is embraced

within this invention.
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The invention relates to compounds of Formula (T) and stereoisomeric forms thereof,
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R' is chloro, trifluoromethyl or cyano;

R’ is phenyl; phenyl substituted with 1, 2 or 3 substituents each independently
selected from the group consisting of halo, cyano, Ciualkyl, C4alkyloxy,
Caalkylsulfonyl, perfluoroC,4alkyl, perfluoroCisalkyloxy, diCy.salkylamino,
hydroxyl, and phenyl substituted with 1, 2 or 3 substituents each independently
selected from the group consisting of halo, Ci4alkyl and perfluoroCisalkyl;
thienyl; thienyl substituted with 1 or 2 substituents each independently selected
from the group consisting of halo and Cj4alkyl; naphthyl; pyridinyl; pyrrolyl;
benzothiazolyl; indolyl; quinolinyl; Cs.scycloalkyl; or Csscycloalkenyl;

R’ is hydrogen, C)salkyl or halo;

R’ and R’ are each independently hydrogen or C)4alkyl, or R* and R” together
form C,_4alkanediyl;

nis 1 or?2; and

R® is hydrogen, C salkyl, hydroxyCa.aalkyl, Csscycloalkyl,
CigcycloalkylC4alkyl, or phenylmethyl substituted on the phenyl with 1,2 or 3
substituents each independently selected from the group consisting of halo,
cyano, Ciaalkyl, Ci4alkyloxy, Cisalkylsulfonyl, perfluoroCiialkyl,
perfluoroCqalkyloxy and diCialkylamino ; or R’ and R° together form
Cysalkanediyl;

and the pharmaceutically acceptable salts and solvates thereof.

For example, the invention relates to compounds of Formula (I) and stereoisomeric

forms thereof, wherein

R! is trifluoromethyl or cyano;

R? is phenyl; phenyl substituted with 1, 2 or 3 substituents each independently
selected from the group consisting of halo, cyano, C4alkyl, C;4alkyloxy,
Cisalkylsulfonyl, perfluoroC;qalkyl, diCi4alkylamino, hydroxyl, and phenyl
substituted with 1, 2 or 3 substituents each independently selected from the group
consisting of halo, Cy4alkyl and perfluoroCi4alkyl; thienyl; thienyl substituted
with 1 or 2 substituents each independently selected from the group consisting of
halo and C;salkyl; naphthyl; pyridinyl; pyrrolyl; benzothiazolyl; indolyl;
quinolinyl; Cs_scycloalkyl; or Cs.scycloalkenyl;

R? is hydrogen;

R" and R’ are each independently hydrogen or Cy_alkyl;

nis l;
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R® is hydrogen, methyl, ethyl, cyclopropyl, or phenylmethyl substituted on the
phenyl with 1, 2 or 3 substituents each independently selected from the group
consisting of hale, cyano, Caalkyl, Ci4alkyloxy, C;.4alkylsulfonyl,
perfluoroC.4alkyl and diC; salkylamino ; or R’ and R® together form
Casalkanediyl;

and the pharmaccutically acceptable salts and solvates thercof.

Of particular interest are compounds of Formula (I) and stereoisomeric forms thereof
wherein
R! is trifluoromethyl;
R? is phenyl; phenyl substituted with 1, 2 or 3 substituents each independently
selected from the group consisting of halo, cyano, Cyalkyl, Ciualkyloxy,
C.alkylsulfonyl, perfluoroC, 4alkyl, diC;4alkylamino, hydroxyl, and phenyl
substituted with 1, 2 or 3 substituents each independently selected from the group
consisting of halo, C,4alkyl and perfluoroCisalkyl; thienyl; thienyl substituted
with 1 or 2 substituents each independently selected from the group consisting of
halo and Cjalkyl; naphthyl; pyridinyl; pyrrolyl; benzothiazolyl; indolyl;
quinolinyl; Cs_scycloalkyl; or Csscycloalkenyl,
R? is hydrogen;
R* and R’ are each independently hydrogen or methyl;
nis 1;
R® is hydrogen, ethyl or (3,5-difluorophenyl)methyl; or
R’ and R® together form 1,3-propanediyl;
and the pharmaceutically acceptable salts and solvates thercof.

Amongst the compounds of Formula (I) and the stereoisomeric forms thereof, the most
interesting are, for example,

4-Phenyl-6-piperazin-1-yl-3-trifluoromethyl-pyridazine (E1),
6-(4-Ethylpiperazin-1-yl)-4-phenyl-3-trifluoromethyl-pyridazine (E2),
6-[4-(3,5-Difluorobenzyl)piperazin-1-yl}-4-phenyl-3-trifluoromethyl-pyridazine (E3}),
6-(3,5-Dimethylpiperazin-1-yl)-4-phenyl-3-trifluoromethyl-pyridazine (E4),
2-(5-Phenyl-6-trifluoromethyl-pyridazin-3-yl)-octahydro-pyrrolo[ 1,2-a]pyrazine (E5),
4-(4-Fluoropheny!)-6-piperazin-I-yl-3-trifluoromethyl-pyridazine (EG),
6-Pipcrazin-1-yl-4-thiophen-3-yl-3-trifluoromethyl-pyridazine (E7),

6-Piperazin- 1-yl-4-o-tolyl-3-trifluoromethyl-pyridazine (ER),
4-(4’-Fluorobiphenyl-4-yl)-6-piperazin-1-yl-3-trifluoromethyl-pyridazine (E9) and
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4-Phenyl-6-piperazin-1-yl-pyridazine-3-carbonitrile (E10)
and the pharmaceutically acceptable salts and solvates thereof.

Throughout this application, the term “C;4alkyl” when used alone and when used in
combinations such as “Cjialkyloxy”, “perfluoroCiaalkyl”, “diCj4alkylamino™,
includes, for example, methyl, ethyl, propyl, butyl, 1-methylpropyl, 1,1-dimethylethyl,
the term; “perfluoroC,salkyl” includes for example trifluoromethyl, pentafluoroethyl,
heptaftuoropropyl and nonafluorobutyl; Ciscycloalkyl includes cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyl, Csscycloalkenyl
includes cyclopentenyl, cyclohexenyl and cycloheptenyl. The term halo includes
fluoro, chloro, bromo, and iodo.

The pharmaceutically acceptable salts are defined to comprise the therapeutically active
non-toxic acid addition salts forms that the compounds according to Formula (1) are
able to form. Said salts can be obtained by treating the base form of the compounds
according to Formula (I) with appropriate acids, for example inorganic acids, for
example hydrohalic acid, in particular hydrochloric acid, hydrobromic acid, sulfuric
acid, nitric acid and phosphoric acid, organic acids, for example acetic acid,
hydroxyacetic acid, propanoic acid, lactic acid, pyruvic acid, oxalic acid, malonic acid,
succinic acid, maleic acid, mandelic acid, fumaric acid, malic acid, tartaric acid, citric
acid, methanesulfonic acid, ethanesulfonic acid, benzenesulfonic acid,
p-toluenesulfonic acid, cyclamic acid, salicylic acid, p-aminosalicylic acid, pamoic acid
and mandelic acid. Conversely, said salts forms can be converted into the free forms by

treatment with ant appropriate base.

The term solvates refers to hydrates and alcoholates which the compounds of Formula
(I) may form.

The term “stereochemically isomeric forms” as used hereinbefore defines all the
possible isomeric forms that the compounds of Formula (I) may possess. Unless
otherwise mentioned or indicated, the chemical designation of compounds denotes the
mixture of all possible stereochemically isomeric forms, said mixtures containing all
diastercomers and enantiomers of the basic molecular structure. More in particular,
stereogenic centers may have the R- or S-configuration; substituents on bivalent cyclic
(partially) saturated radicals may have cither the cis- or trans-configuration.
Compounds encompassing double bonds can have an E or Z-stereochemistry at said



10

15

20

25

30

-

double bond. Stereochemically isomeric forms of the compounds of Formula (T) are

embraced within the scope of this invention.

The compounds of Formula () as prepared in the processes described below may be
synthesized in the form of racemic mixtures of enantiomers that can be separated from
one another following art-known resolution procedures. The racemic compounds of
Formula (I) may be converted into the corresponding diastereomeric salt forms by
reaction with a suitable chiral acid. Said diastereomeric salt forms are subsequently
separated, for example, by selective or fractional crystallization and the enantiomers are
liberated therefrom by alkali. An alternative manner of separating the enantiomeric
forms of the compounds of Formula (1) involves liquid chromatography using a chiral
stationary phase. Said pure stereochemically isomeric forms may also be derived from
the corrcsponding pure stercochemically isomeric forms of the appropriate starting
materials, provided that the reaction occurs stereospecifically. Preferably if a specific
stereoisomer is desired, said compound would be synthesized by stereospecific
methods of preparation. These methods will advantageously employ enantiomerically
pure starting materials.

Pharmacology

In order to find antipsychotic compounds active against positive and negative
symptoms and cognitive impairment, and having an improved safety profile (low EPS
incidence and no metabolic disorders), we have screened for compounds selectively
interacting with the dopamine D2 receptor and dissociating fast from this receptor, and
further having affinity for the dopamine D3 receptor as well as the serotonin 5-HT-6
receptor. Compounds were first screened for their D2 affinity in a binding assay using
[*H]spiperone and human D2L receptor cell membranes. The compounds showing an
ICso less than 10 UM were tested in an indirect assay adapted from a method published
by Josee E. Leysen and Walter Gommeren, Journal of Receptor Research, 1984, 4(7),
817-845, to evaluate their rate of dissociation.

The compounds were further screened in a panel of more than 50 common G-protein
coupled receptors (CEREP) and found to have a clean profile, that is to have low
affinity for the tested receptors, with the exception of the dopamine D3 receptor and the
serotonin 5-HT6 receptor.
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Some of the compounds have been further tested in in vivo models such as the
“Antagonism of apomorphine induced agitation test in rats” and found to be orally

active and bio-available.

Compound E1 was further found to be active in the ‘Reversal of subchronic PCP-
induced attentional sct shifting in rats’ test (J.S. Rodefer ct al,
Neurospychopharmacology (2007), 1-10).

In view of the aforementioned pharmacology of the compounds of Formula (I}, it
follows that they are suitable for use as a medicine, in particular for use as an
antipsychotic. More especially the compounds are suitable for use as a medicine in the
treatment or prevention of schizophrenia, schizophreniform disorder, schizoaffective
disorder, delusional disorder, brief psychotic disorder, shared psychotic disorder,
psychotic disorder due to a general medical condition, substance-induced psychotic
disorder, psychotic disorder not otherwise specified; psychosis associated with
dementia, major depressive disorder, dysthymic disorder, premenstrual dysphoric
disorder, depressive disorder not otherwise specified, Bipolar I disorder, bipolar 11
disorder, cyclothymic disorder, bipolar disorder not otherwise specified, mood disorder
due to a general medical condition, substance-induced mood disorder, mood disorder
not otherwise specified; generalized anxicty disorder, obscssive-compulsive disorder,
panic disorder, acute stress disorder, post-traumatic stress disorder; mental retardation;
pervasive developmental disorders; attention deficit disorders, attention-
deficit/hyperactivity disorder, disruptive behaviour disorders; personality disorder of
the paranoid type, personality disorder of the schizoid type, personality disorder of the
schizotypical type; tic disorders, Tourette’s syndrome; substance dependence;
substance abuse; substance withdrawal; trichotilomania. In view of their 5-HT6
antagonistic activity, the compounds of the present invention may further be useful for
the treatment or prophylaxis of conditions wherein cognition is impaired; Alzheimer’s
disease, Parkinson’s disease, Huntingdon’s discase, Lewy Body Dementia, dementia
due to HIV discase, dementia due to Creutzfeldt-Jakob disease; amnestic disorders;

mild cognitive impairment; and age-related cognitive decline.

To optimize treatment of patients suffering from a disorder as mentioned in the
foregoing paragraph, the compounds of Formula (1) may be administered together with
other psychotropic compounds. Thus, in the casc of schizophrenia, negative and
cognitive symptoms may be targeted.
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The present invention also provides a method of treating warm-blooded animals
suffering from such disorders, said method comprising the systemic administration of a
therapeutic amount of a compound of Formula (I) effective in treating the above
described disorders.

The present invention also relates to the use of compounds of Formula (I) as defined
hereinabove for the manufacture of a medicament, in particular an antipsychotic
medicament, more especially a medicine in the treatment or prevention of
schizophrenia, schizophreniform disorder, schizoaffective disorder, delusional disorder,
brief psychotic disorder, shared psychotic disorder, psychotic disorder due to a general
medical condition, substance-induced psychotic disorder, psychotic disorder not
otherwise specified; psychosis associated with dementia; major depressive disorder,
dysthymic disorder, premenstrual dysphoric disorder, depressive disorder not otherwise
specified, Bipolar 1 disorder, bipolar 11 disorder, cyclothymic disorder, bipolar disorder
not otherwise specified, mood disorder due to a general medical condition, substance-
induced mood disorder, mood disorder not otherwise specified; generalized anxiety
disorder, obsessive-compulsive disorder, panic disorder, acute stress disorder, post-
traumatic stress disorder; mental retardation; pervasive developmental disorders;
attention deficit disorders, attention-deficit/hyperactivity disorder, disruptive behaviour
disorders; personality disorder of the paranoid typc, personality disorder of the schizoid
type, personality disorder of the schizotypical type; tic disorders, Tourette’s syndrome;
substance dependence; substance abuse; substance withdrawal; trichotillomania; and
conditions wherein cognition is impaired; Alzheimer’s disease, Parkinson’s disease,
Huntingdon’s disease, Lewy Body Dementia, dementia due to HIV disease, dementia
due to Creutzfeldt-Jakob disease; amnestic disorders; mild cognitive impairment; and
age-related cognitive decline,

Those of skill in the treatment of such diseases could determine the effective
therapeutic daily amount from the test results presented hereinafter. An effective
therapeutic daily amount would be from about 0.01 mg/kg to about 10 mg/kg body
weight, more preferably from about 0.05 mg/kg to about 1 mg/kg body weight.

The invention also relates to a pharmaceutical composition comprising a
pharmaceutically acceptable carrier and, as active ingredient, a therapeutically effective

amount of a compound according to Formula (I).
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For ease of administration, the subject compounds may be formulated into various
pharmaceutical forms for administration purposes. The compounds according to the
invention, in particular the compounds according to Formula (I), a pharmaceutically
acceptable acid or base addition salt thereof, a stereochemically isomeric form thereof,
an N-oxide form thercof and a prodrug thereof, or any subgroup or combination thereof
may be formulated into various pharmacecutical forms for administration purposcs. As
appropriate compositions there may be cited all compositions usually employed for
systemically administering drugs. To prepare the pharmaceutical compositions of this
invention, an effective amount of the particular compound, optionally in addition salt
form, as the active ingredient is combined In intimate admixture with a
pharmaceutically acceptable carrier, which carrier may take a wide variety of forms
depending on the form of preparation desired for administration. These pharmaceutical
compositions are desirable in unitary dosage form suitable, in particular, for
administration orally, rectally, percutaneously, by parenteral injection or by inhalation.
For example, in preparing the compositions in oral dosage form, any of the usual
pharmaceutical media may be employed such as, for example, water, glycols, oils,
alcohols and the like in the case of oral liquid preparations such as suspensions, syrups,
elixirs, emulsions and solutions; or solid carriers such as starches, sugars, kaolin,
diluents, lubricants, binders, disintegrating agents and the like in the case of powders,
pills, capsules and tablets. Becausc of their casc in administration, tablets and capsules
represent the most advantageous oral dosage unit forms in which case solid
pharmaceutical carriers are obviously employed. For parenteral compositions, the
carrier will usually comprise sterile water, at least in large part, though other
ingredients, for example, to aid solubility, may be included. Injectable solutions, for
example, may be prepared in which the carmrier comprises saline solution, glucose
solution or a mixture of saline and glucose solution. Injectable solutions, for example,
may be prepared in which the carrier comprises saline solution, glucose solution or a
mixture of saline and glucose solution. Injectable solutions containing compounds of
Formula (I} may be formulated in an oil for prolonged action. Appropriate oils for this
purpose are, for example, peanut oil, sesame oil, cottonseed oil, corn oil, soybean oil,
synthetic glycerol esters of long chain fatty acids and mixtures of these and other oils.
Injectable suspensions may also be prepared in which case appropriate liquid carriers,
suspending agents and the like may be employed. Also included are solid form
preparations that are intended to be converted, shortly before use, to liquid form
preparations. In the compositions suitable for percutancous administration, the carricr
optionally comprises a penetration enhancing agent and/or a suitable wetting agent,

optionally combined with suitable additives of any nature in minor proportions, which
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additives do not introduce a significant deleterious effect on the skin. Said additives
may facilitate the administration to the skin and/or may be helpful for preparing the
desired compositions. These compositions may be administered in various ways, €.g.,
as a transdermal patch, as a spot-on, as an ointment. Acid or base addition salts of
compounds of Formula (I) due to their increased water solubility over the
corresponding base or acid form, arc more suitable in the preparation of aqucous

compositions.

It is especially advantageous to formulate the aforementioned pharmaceutical
compositions in unit dosage form for ease of administration and uniformity of dosage.
Unit dosage form as used herein refers to physically discrete units suitable as unitary
dosages, each unit containing a predetermined quantity of active ingredient calculated
to produce the desired therapeutic effect in association with the required
pharmaceutical carrier. Examples of such unit dosage forms are tablets (including
scored or coated tablets), capsules, pills, powder packets, wafers, suppositories,
injectable solutions or suspensions and the like, and segregated multiples thereof.

Since the compounds according to the invention are potent orally administrable
compounds, pharmaceutical compositions comprising said compounds for

administration orally arc cspecially advantagcous.

In order to enhance the solubility and/or the stability of the compounds of Formula (I)
in pharmaceutical compositions, it can be advantageous to employ o-, - or y-
cyclodextrins or their derivatives, in particular hydroxyalkyl substituted cyclodextrins,
e.g. 2-hydroxypropyl-p-cyclodextrin, Also co-solvents such as alcohols may improve
the solubility and/or the stability of the compounds according to the invention in

pharmaceutical compositions.

Preparation

Compounds of Formula (I) wherein R! is chloro or trifluoromethyl and R% R, R R,
R®and n are as defined before, can be prepared by reacting a compound of Formula (I1)

N=N

csMR‘

rR?  R?

(W)
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where R! is chloro or trifluoromethyl and R* and R® are as defined before, with a
compound of Formula (111

(1
where R?, R®, R® and n are as defined before, in the presence of a suitable base, such as
diisopropylethylamine, in a suitable solvent, such as acetonifrile and under suitable
reaction conditions, such as a convenient temperature, either by conventional heating or
under microwave irradiation for a period of time to ensurc the completion of the

reaction.

Compounds of Formula (II) wherein R’ is chloro and R? and R? are as defined before,
may be prepared by procedures similar to those described in WO-2005/013907.

Compounds of Formula (II) wherein R' is trifluoromethyl and R? and R? are as defined
before, can be prepared by reacting a compound of Formula (IV)

HN—N

O:'g—?fR‘

2

R.‘ R_

av)
where R' is trifluoromethyl and R? and R® are as defined before, with phosphorous
oxychloride, in a suitable solvent, such as acetonitrile, under suitable reaction
conditions, such as a convenient temperature, either by conventional heating or under

microwave irradiation for a period of time to ensure the completion of the reaction.

Compounds of Formula (IV) wherein R’ is trifluoromethyl and R? and R” are as defined
before, can be prepared by reacting a compound of Formula (V)
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where R! is trifluoromethyl and R* and R’ are as defined before, with hydrazine
hydrate, in the presence of a suitable catalyst, such as acetic acid, in a suitable solvent,
such as acetonitrile, under suitable reaction conditions, such as a convenient
temperature, either by conventional heating or under microwave irradiation for a period
of time to ensure the completion of the reaction.

Compounds of Formula (V) wherein R’ is trifluoromethyl and R? and R® are as defined
before, may be prepared by reacting a compound of Formula (V1)

(VD)
where R? and R’ are as defined before, with CF;SiMes (VID), in the presence of a
suitable catalyst, such as cesium fluoride, in a suitable solvent, such as acetonitrile,

under suitable reaction conditions, such as low temperatures, typically ranging between
~78°Cand 0 °C.

Compounds of Formula (VI) where R? and R® are as defined before, can be obtained
commercially or by procedures similar to those described in Dean, W. D.; Bum, D. M.
J. Org. Chem. 1993, 58, 7916-7917.

Compounds of Formula (I-a)

wherein R® is R® as defined before but not hydrogen, R' is chloro or trifluoromethyl
and R% R®, R*, R’ and n are as defined before, can also be prepared by reacting
compounds of Formula (I-b)
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5
/‘lr—\ N=N ]
\ / Y \ / *
R R3 R2
(I-b)

wherein R is chloro or trifluoromethyl and R% R® RY, R’ and n are as defined before,
with a reagent of R®-W wherein R® is R® as defined before but not hydrogen and W
represents a leaving group such as halo, e.g. chloro, bromo or iodo, or a sulfonyloxy
group, e.g. methylsulfonyloxy, trifluoromethylsulfonyloxy, or
methylphenylsulfonyloxy in the presence of a base such as diisopropylethylamine, in a
suijtable solvent such as éicetonitrile and under suitable reaction conditions, such as a
convenient temperature, either by conventional heating or under microwave irradiation

for a period of time to ensure the completion of the reaction.

Alternatively, the compounds of Formula (I-a) wherein R® is R® as defined before but
not hydrogen, R! is chloro or trifluoromethyl and RZ, R*, RY, R® and n are as defined
before, can also be prepared from a compound of Formula (I-b) wherein R! is chloro or
trifluoromethyl and R% R, R*, R’ and n are as defined before, by reductive
N-alkylation with an appropriate ketone or aldehyde in the presence of a suitable
reducing agent such as sodium triacetoxyborohydride in a suitable solvent such as
tetrahydrofuran.

Compounds of Formula (I-b) wherein R' is chloro or trifluoromethyl and R:L R, R, R’
and n are as defined before, may be prepared by deprotection of the protecting group in
an intermediate of Formula (VIII)

(VI
where L represents a suitable protecting group, such as tert-butyloxycarbonyl, R' is
chloro or trifluoromethyl and RZ R¥ R R® and n are as defined before,under suitable
conditions, such as trifluoroacetic acid in dichloromethane or Amberlyst® 15 ion
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exchange resin, acidic form in methanol when L represents a tert-butyloxycarbonyl

group.

Compounds of Formula (VIIT) wherein R’ is chloro or trifluoromethyl and R?, RY, RY,
R’ and n are as defined before, can be prepared by reacting a compound of Formula (1)
where R! is chloro or trifluoromethyl and R? and R’ arc as defined before, with a
compound of Formula (IX)

;
RS-—-( 1R4

N’(Jn
H

(IX)
where L represents a suitable protecting group, such as fert-butyloxycarbonyl and R’,
R® and n are as defined before, in the presence of a suitable base, such as
diisopropylethylamine, in a suitable solvent, such as acetonitrile and under suitable
reaction conditions, such as a convenient temperature, either by conventional heating or
under microwave irradiation for a period of time to ensure the completion of the

reaction.

Compounds of Formula (VIIT) wherein R' is trifluoromethyl and R, R, R R and n
are as defined before and L represents a suitable protecting group, such as fert-
butyloxycarbonyl, can also be prepared by reacting a compound of Formula (X)

/“]i(‘\ N=N

I—N N R!
\'/ _‘/)nw
R* TR}
(X)

where R! is trifluoromethyl and R?, R, R® and n arc as defined before and L represents
a suitable protecting group, such as rert-butyloxycarbonyl, with a corresponding
arylboronic acid R*-B(OH), in the presence of a suitable catalyst such as 1,1
bis(diphenylphosphino)ferrocenepalladium(ll).dichloride, dichloromethane in  the
presence of suitable ligand such as 1,1'-bis(diphenylphosphino)ferrocene and a base
such as potassium phosphate in a suitable inert solvent such as dioxane at an elevated

temperature.
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Compounds of Formula (X) wherein R' is trifluoromethyl and R, R*, R’ and n are as
defined before and L represents a suitable protecting group, such as fers-
butyloxycarbonyl, may be prepared by reacting a compound of Formula (XT)

(XI)
where R' is trifluoromethyl, and, R®, R*, R* and n arc as defined before and L
represents a suitable protecting group, such as fers-butyloxycarbonyl, with jodine in the
presence of a suitable base such as a mixture of buthyllithium and 2,2,6,6-
tetramethylpiperidine in a suitable inert solvent such as tetrahydrofuran at low
temperatures, typically ranging from -78 °C to 0 °C.

Compounds of Formula (XI) wherein R is trifluoromethyl, R* RY, R’ and n are as
defined before and L represents a suitable protecting group, such as tert-
butyloxycarbonyl, may be prepared by reacting 6-chloro-3-trifuoromethylpyridazine
(prepared by following the procedure described in Goodman, A.J.; Stanforth, S.P;
Tarbit B. Tetrahedron 1999, 55, 15067-15070) with tert-butyl 1-piperazinecarboxylate
in the presence of a suitable base such as diisopropylethylamine in a suitable solvent
such as acetonitrile at a convenient temperature, either by conventional heating or
under microwave irradiation for a period of time to ensure the completion of the

reaction.

Compounds of Formula (I-¢) wherein R* is R® as defined before but not hydrogen, R’
is trifluoromethyl, R?, RY, R, R” and n are as defined before,

can be prepared by reacting a compound of Formula (I-d)
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wherein R! is trifluoromethyl, R* s R’ R®, R” and n are as defined before, with a reagent
of Formula R¥-W wherein R® is R® as defined before but not hydrogen and W
represents a leaving group such as halo, e.g. chloro, bromo or iodo, or a sulfonyloxy
group, ¢.g. methylsulfonyloxy, trifluoromethylsulfonyloxy or methylphenylsulfonyloxy
in the presence of a base such as diisopropylethylamine, in a suitable solvent such as
acetonitrile and under suitable reaction conditions, such as a convenient temperature,
either by conventional heating or under microwave irradiation for a period of time to

ensure the completion of'the reaction,

Alternatively, the compounds of Formula (I-c) wherein R® is R® as defined before but
not hydrogen, R is trifluoromethyl, R3, RY, RS, R’ and n are as defined before, can be
prepared from a compound of Formula (I-d) wherein R'is trifluvoromethyl, R, RY R,
R’ and n are as defined before, by reductive N-alkylation with an appropriate ketone or
aldehyde in the presence of a suitable reducing agent such as sodium
triacetoxyborohydride in a suitable solvent such as tetrahydrofuran.

Compounds of Formula (I-d) wherein R'is trifluoromethyl, R*, RY, R, R’and n are as
defined before, may be prepared by deprotection of the protecting group in an
intermediate of Formula (XII)

(XD | 1w

where R is trifluoromethyl, R®, R*, R’ R” and n are as defined before and L represents
a suitable protecting group, such as rert-butyloxycarbonyl, under suitable conditions,
such as trifluoroacetic acid in dichloromethane or Amberlyst® 15 ion exchange resin,

acidic form in methanol when L represents a terz-butyloxycarbonyl group.
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Compounds of Formula (XII) wherein R!is trifluoromethyl, R, RY, R°,R" and n are as
defined before and L represents a suitable protecting group, such as fert-
butyloxycarbonyl can be prepared by reacting a compound of Formula (XII)

(X[H) \Br

wherein R' is triftuoromethyl, R?, R*, R® and n are as defined before and L represents a
suitable protecting group, such as rert-butyloxycarbonyl, with a corresponding
arylboronic acid in the presence of a suitable catalyst such as trans-Pd(OAc)(Cy.NH):»
{(prepared by following the procedure described in Tao, B.; Boykin, D.W. Tetrahedron
Lett. 2003, 44, 7993-7996) in the presence of suitable base such as potassium
phosphate in a suitable inert solvent such as dioxane, under suitable reaction
conditions, such as a convenient temperature, either by conventional heating or under
microwave irradiation for a period of time to ensure the completion of the reaction.

Compounds of Formula (J) wherein R' is cyano, R® is as defined before but not
hydrogen, R% R* R* R’ and n are as described before, can be prepared by reacting a
compound of Formula (I-¢)

RS

HN/_l—\ " CN
\/%w
R OR

2

(I-e)
wherein and R%, R?, R?, R® and n are as described before, with a reagent of Formula
RY-W wherein R® is R® as defined before but not hydrogen and W represents a leaving
group such as halo, e.g. chloro, bromo or iodo, or a sulfonyloxy group, e.g.
methylsulfonyloxy, trifluoromethylsulfonyloxy or methylphenylsulfonyloxy in the
presence of a base such as diisopropylethylamine, in a suitable solvent such as
acetonifrile and under suitable reaction conditions, such as a convenient temperature,
either by conventional heating or under microwave irradiation for a period of time to

ensure the completion of the reaction.
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Alternatively, the compounds of Formula (I) wherein R’ is cyano, R is R® but other
than hydrogen, and R% R®, R*, R and n are as described before, can be prepared from a
compound of Formula (I-¢) wherein R is cyano, R® is hydrogen, and R% R R R’
and n are as described before, by reductive N-alkylation with an appropriate ketone or
aldehyde in the presence of a suitable reducing agent in a suitable solvent.

Compounds of Formula (I) wherein R! is cyano, RC is as defined before, and R* R*, RY,
R’ and n are as described before, may be prepared by deprotection of the protecting
group in an intermediate of Formula (X1IV)

5
/“T—\ N=N *
N CN
N \ /
4,
(X1V)

where R%, R’, R*, R’ and n are as described before and L represents a suitable
protecting group, such as fer-butyloxycarbonyl, under suitable conditions, such as
trifluoroacetic acid in dichloromethane or Amberlyst® 15 ion exchange resin, acidic
form in methanol when L represents a tert-butyloxycarbonyl group.

Compounds of Formula (XIV) wherein REL R RO R® and n are as described before and
L represents a suitable protecting group, such as fert-butyloxycarbonyl, were preparcd
by reacting a compound of Formula (VIII) wherein R' is chloro, and R% R R, R® and
n are as described before and L represents a suitable protecting group, such as fert-
butyloxycarbonyl, with zinc cyanide in the presence of a suitable catalyst, such as
tetrakis(triphenylphosphine)palladium (0) in a suitable solvent, such as NAN-
dimcthylformamide under suitable rcaction conditions, such as a convenicnt
temperature, either by conventional heating or under microwave irradiation for a period

of time to ensure the completion of the reaction.
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Experimental Part

Chemistry

Microwave assisted reactions were performed in a single-mode reactor: Emrys™™

Optimizer microwave rcactor (Personal Chemistry A.B., currently Biotage).

Final purification of Examples (E1 — E 39) was carried out either by column
chromatography on silica gel using the eluent described or by reversed phase
preparative HPLC on a Hyperprep RP 18 BDS (Shandon) (8 pm, 200 mm, 250 g)
column. Three mobile phases (mobile phase A: 90 % 0.5 % ammoniumacetate + 10 %
acetonitrile; mobile phase B: methanol; mobile phase C: acetonitrile) were used to run a
gradient method starting with 75 % A and 25 % B with a flow rate of 40 ml/min, hold
for 0.5 minutes at the same conditions followed with an increase of the flow rate to 80
ml/min in 0.01 minutes to 50 % B and 50 % C in 41 minutes, to 100 % C in 20 minutes
and hold these conditions for 4 minutes.

'H spectra were recorded on a Bruker DPX 360, DPX 400 or a Bruker AV-500
spectrometer. The chemical shifts are expressed in ppm relative to tetramethylsilane.

Melting point determination was performed on a Mettler FP62 apparatus.
LCMS

General LCMS Method A:

The HPLC measurement was performed using a HP 1100 from Agilent Technologies
comprising a quaternary pump with degasser, an autosampler, a column oven (set at 40
°C except for Method 4 where the temperature was set at 60°C), a diode-array detector
(DAD) and a column as specified in the respective methods below. Flow from the
column was split to a MS detector. The MS detector was configured with an
electrospray ionization source. Nitrogen was used as the nebulizer gas. The source
temperature was maintained at 140 ®C. Data acquisition was performed with

MassLynx-Openlynx software.

General LCMS Method B:
The HPLC measurement was performed using an Agilent 1100 module comprising a
pump, a diode-array detector (DAD) (wavelength used 220 nm), a column heater and a
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column as specified in the respective methods below. Flow from the column was split
to a Agilent MSD Series G1946C and G1956A. MS detector was configured with API-
ES (atmospheric pressure electrospray ionization). Mass spectra were acquired by
scanning from 100 to 1000. The capillary needle voltage was 2500 V for positive
ionization mode and 3000 V for negative iomzation mode. Fragmentation voltage was

50 V. Drying gas tempcrature was maintained at 350 °C at a flow of 10 I/min.

LCMS Method |

In addition to general LCMS method A: Reversed phase HPLC was carried out on an
ACE-C18 column (3.0 um, 4.6 x 30 mm) from Advanced Chromatography
Technologies, with a flow rate of 1.5 ml/min. The gradient conditions used are: 80 % A
(0.5 g/l ammeonium acetate solution), 10 % B (acetonitrile), 10 % C (methanol) to 50 %
B and 50 % C in 6.5 minutes, to 100 % B at 7 minutes and equilibrated to initial
conditions at 7.5 mimutes until 9.0 minutes. Injection volume 5 ul. High-resolution
mass spectra (Time of Flight, TOF) were acquired only in positive ionization mode by
scanning from 100 to 750 in 0.5 seconds using a dwell time of 0.1 seconds. The
capillary needle voltage was 2.5 kV for positive ionization mode and the cone voltage
was 20 V. Leucine-Enkephaline was the standard substance used for the lock mass
calibration.

LCMS Method 2

In addition to general LCMSmethod A: Reversed phase HPLC was carried out on an
ACE-C18 column (3.0 pm, 46 x 30 mm) from Advanced Chromatography
Technologies, with a flow rate of 1.5 ml/min. The gradient conditions used are: 80 % A
(0.5 g/l ammonium acetate solution), 10 % B (acetonitrile), 10 % C (methanol) to 50 %
B and 50 % C in 6.5 minutes, to 100 % B at 7 minutes and equilibrated to initial
conditions at 7.5 minutes until 9.0 minutes. Injection volume 5 pl High-resolution
mass spectra (Time of Flight, TOF) were acquired by scanning from 100 to 750 in 0.5
seconds using a dwell time of 0.3 seconds. The capillary needle voltage was 2.5 kV for
positive ionization mode and 2.9 kV for negative ionization mode. The cone voltage
was 20 V for both positive and negative ionization modes. Leucine-Enkephaline was
the standard substance used for the lock mass calibration.

LCMS Method 3
Same as LCMS Mcthod 1 using 10 pl of injection volume.
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L.CMS Method 4

In addition to general LCMS method A: Reversed phase HPLC was carried out on an
XDB-C18 cartridge (1.8 um, 2.1 x 30 mm) from Agilent, with a flow rate of 1 ml/min.
The gradient conditions used are: 90 % A (0.5 g/l ammonium acetate solution), 5 % B
(acetonitrile), 5 % C (methanol} to 50 % B and 50 % C in 6.5 mmutes, to 100 % B at
7.0 minutes and equilibrated to initial conditions at 7.5 minutes until 9.0 minutcs.
Injection volume 2 ul. High-resolution mass spectra (Time of Flight, TOF) were
acquired only in positive ionization mode by scanning from 100 to 750 in 0.5 seconds
using a dwell time of 0.1 seconds. The capillary needle voltage was 2.5 kV and the
cone voltage was 20 V. Leucine-Enkephaline was the standard substance used for the

lock mass calibration.

LCMS Method 5

In addition to general LCMS method A: Reversed phase HPLC was carried out on an
ACE-C18 column (3.0 um, 4.6 x 30 mm) from Advanced Chromatography
Technologies, with a flow rate of 1.5 ml/min. The gradient conditions used are: 80 % A
(1 g/l ammonium bicarbonate solution), 10 % B (acetonitrile), 10 % C (methanol) to
50 % B and 50 % C in 6.5 minutes, to 100 % B at 7 minutes and equilibrated to initial
conditions at 7.5 minutes until 9.0 minutes. Injection volume 5 pl. High-resolution
mass spectra (Time of Flight, TOF) were acquired only in positive ionization mode by
scanning from 100 to 750 in 0.5 seconds using a dwell time of 0.1 seconds. The
capillary needle voltage was 2.5 kV for positive ionization mode and the cone voltage
was 20 V. Leucine-Enkephaline was the standard substance used for the lock mass
calibration.

LCMS Method 6

In addition to general LCMS method B: Reversed phase HPLC was carried outon a
YMC-Pack ODS-AQ, 50x2.0 mm 5um column with a flow rate of 0.8 ml/min. Two
mobile phases (mobile phase A: water with 0.1 % TFA; mobile phase B: acetonitrile
with 0.05 % TFA) were used. First, 100 % A was held for 1 minute. Then a gradient
was applied to 40 % A and 60 % B in 4 minutes and held for 2.5 minutes. Typical
injection volumes of 2 ul were used. Oven temperature was 50 °C. (MS polarity:
positive)

LCMS Mcthod 7
In addition to general LCMS method B: Reversed phase HPLC was carried out on a
YMC-Pack ODS-AQ, 50x2.0 mm 5um column with a flow rate of 0.8 ml/min. Two
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mobile phases (mobile phase A: water with 0.1 % TFA; mobile phase B: acetonitrile
with 0.05 % TFA) were used. First, 90 % A and 10 % B was held for 0.8 minutes.
Then a gradient was applied to 20 % A and 80 % B in 3.7 minutes and held for 3
minutes. Typical injection volumes of 2 pl were used. Oven temperature was 50 °C.
(MS polarity: positive)

Description 1
5,5,5-Trifluoro-4-oxo-3-phenyl-pent-2-enoic acid (D1)
OH O
O CF;

To a stirred solution of phenylmaleic anhydride (18.7 g, 0.107 mol) in acetonitrile (180
ml) at 0°C (ice/water/sodium chloride bath - temperature of the bath —10 °C), was
added CsF (18.6 g, 0.127 mol), followed by the drop-wise addition of CFsSiMe; (18.58
ml, 0.127 mol), under nitrogen. The reaction mixture was stirred for 1 h, and was then
diluted with diethyl ether and extracted with 2M sodium hydroxide (200 ml). The
separated aqueous layer was acidified to pH = 1 by the addition of conc. hydrochloric
acid. This mixture was extracted with dichloromethane. The separated organic layer
was dried (Na;S04), and the solvent was evaporated in vacuo to yield D1 (22.6 g, 86
%) as a mixture of isomers (80/11 ratio by LCMS). C;,H;F;03 requires 244; Found 243
(M-H).

Description 2
5-Phenyl-6-trifluoromethyl-2 H-pyridazine-3-one (D2)

HN—N
0 S—CcF,

To a stirred solution of 5,5,5-trifluoro-4-oxo-3-phenyl-pent-2-enoic acid (D1) (22.6 g,
0.084 mol) in a mixture of acetonitrile (150 ml) and acetic acid (15 ml), was added
hydrazine hydrate (7.75 ml, 0.148 mol). The reaction mixture was heated at reflux for
16 h, cooled to room temperature, diluted with dichloromethane and then extracted
with 0.5 M hydrochloric acid (150 ml). The organic layer was separated, dried
(Na;S04) and the solvent evaporated in vacuo to yield D2 (20.7 g, 100 %) as a mixture
of isomers (75/5 ratio by LCMS). CyH7F;N20 requires 240; Found 239 (M-H}Y.
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Description 3

6-Chloro-4-phenyl-3-trifluoromethyl-pyridazine (D3)
N—N
e~ d—cr,

To a stirred solution of 5-phenyl-6-trifluoromethyl-2H-pyridazine-3-one (D2) (20.66 g,
0.086 mol) in acctonitrile (150 ml) was added phosphorous oxychloride (20 ml, 0.215
mmol) and the reaction heated at reflux for 1 h. After this period, the reaction mixture
was poured into a saturated solution of sodium hydrogen carbonate, ice and
dichloromethane. Further solid sodium hydrogen carbonate was then added until gas
evolution had ceased. The organic layer was then separated, dried (Na;SO4) and the
solvents evaporated in vacuo. The crude residue was then filtered through silica gel,
eluting with dichloromethane, in order to remove the minor isomer. After evaporation
of the solvent, the crude product was then re-purified by column chromatography
(silica; 0 — 25 % ethyl acetate / heptane) to yield D3 (7.1 g, 32 %). Ci1HsCIF:N;
requires 258; Found 259 (MH").

Description 4
4-(5-Phenyl-6-trifluoromethyl-pyridazin-3-yl)-piperazine-1-carboxylic acid ter#
butyl ester (D4)

To a stirred solution of 6-chloro-4-phenyl-3-trifluoromethyl-pyridazine (D3) (7.1 g,
0.0274 mol) and N-Boc-piperazine (5.62g, 0.0302 mol) in acetonitrile (150 ml) was
added diisopropylethylamine (5.1 ml, 0.0302 mol) and the mixture heated at 150 °C for
20 min., under microwave irradiation. After this period, the reaction mixture was
dituted with dichloromethane and extracted with water. The organic layer was
separated, dried (MgSO4) and the solvents evaporated in vacwo. The crude product was
purified by column chromatography (silica; 20 % ethyl acetate in heptane, followed by
10 % ecthyl acetate in dichloromethane). After evaporation of the solvent, the crude
product was crystallised from heptane to yield D4 (104 g, 93 %). CioHa3FsN4O,
requires 408; Found 409 (MH™).
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Description 5

5,5,5-Trifluoro-3-(4-fluorophenyl)-4-oxo-pent-2-enoic acid (D53)
OH O
O CF,

F

To a stirred solution of 4-fluorophenylmaleic anhydride (1.42 g, 7.39 mmol) (prepared
by procedures similar to those described in Dean, W. D.; Bum, D. M. J. Org. Chem.
1993, 58, 7916-7917), in acetonitrile (15 ml) at 0°C (ice/water/sodium chloride bath -
temperature of the bath —10 °C), was added CsF (1.1 g, 7.39 mmol), followed by the
drop-wise addition of CF3SiMe; (1 ml, 7.39 mmol), under nitrogen. The reaction
mixture was stirred for 1 h, and then diluted with diethyl ether and extracted with 2M
sodium hydroxide (200 ml). The organic layer was removed and the aqueous layer
acidified to pH = | by the addition of conc. hydrochloric acid. The mixture was
extracted with dichloromethane and the organic layer removed, dried (Na,S04), and the
solvent evaporated in vacuo to yield D5 (1.4 g, 72 %) as a mixture of isomers.
C11HgF4Os requires 262 Found 261 (M-H)".

Description 6
5-(4-Fluorophenyl)-6-trifluoromethyl-2H-pyridazine-3-one (D6)

HN-N
o N—CF,

F

To a stirred solution of 5,5,5-trifluoro-3-(4-fluorophenyl)-4-oxo-pent-2-enoic acid (D5)
(1.4 g, 5.3 mmol} in a mixture of ethanol (10 ml) and acetic acid (1 ml), was added
hydrazine hydrate (0.49 ml, 9.33 mmol). The rcaction mixture was heated at reflux for
16 h, cooled to room temperature, diluted with dichloromethane and then extracted
with 0.5 M hydrochloric acid (150 ml). The organic layer was separated, dried
(Na;S04) and the solvent evaporated in vacuo to yield D6 (0.96 g, 70 %) as a mixture
of isomers. C1HgF4N,O requires 258; Found 259 (MH").
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Description 7

6-Chloro-4-(4-fluorophenyl)-3-trifuoromethyl-pyridazine (D7)
N—N
c—  H—cCF,

F

To a stirred solution of 5-(4-fluorophenyl)-6-trifluoromethyl-2 H-pyridazine-3-one (D6)
(0.96 g, 3.7 mmol) in acetonitrile (10 ml) was added phosphorous oxychloride (0.866
ml, 9.3 mmol) and the reaction was stirred at 180 °C for 30 min., under microwave
irradiation. After this period, the reaction mixture was poured into a saturated solution
of sodium hydrogen carbonate, ice and dichloromethane. Further solid sodium
hydrogen carbonate was then added until gas evolution had ceased. The organic layer
was then separated, dried (Na,SO4) and the solvents evaporated in vacuo to yield D7
(0.81 g, 79%). Only traces of the undesired isomer were detected after work-up.
C11HsCIEN, requires 276; Found 277 (MH").

Description §
4-[5-(4-Fluorophenyl)-6-trifluoromethyl-pyridazin-3-yl]-piperazine-1-carboxylic
acid ferf-butyl ester (DS)

O 7\ N—N
)—N N—  S—cF,
J __/ —

F

To a stirred solution of 6-chloro-4-(4-fluorophenyl)-3-trifuoromethyl-pyridazine (D7)
(0.81 g, 2.93 mmol) and N-Boc-piperazine (0.818 g, 4.39 mmol) in acetonitrile (10 ml)
was added diisopropylethylamine (1 ml, 5.9 mmol) and the mixture was stirred at 80 °C
for 30 min., under microwave irradiation. After this period, the reaction mixture was
diluted with dichloromethane and extracted with water. The organic layer was
separated, dried (MgSQy) and the solvents evaporated in vacuo to yicld D8 (1.27 g, 62
%). C20H22F4N405 requires 426; Found 427 (MH).
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Description 9
4-(6-Triflnoromethyl-pyridazin-3-yl)-piperazine-1-carboxylic acid ferf-butyl ester
(D9)

74O e

A mixture of 6-chloro-3-trifuoromethylpyridazine (0.666 g, 5.09 mmol) (prepared by
following the procedure described in Goodman, A.J; Stanforth, S.P; Tarbit B,
Tetrahedron 1999, 55, 15067-15070), N-Boc-piperazine (1.138 g, 6.11 mmol) and
diisopropylethylamine (1.95 ml, 1.12 mmol) in acetonitrile (10 ml) was stirred at 180
°C for 30 min., under microwave irradiation. The solvent was evaporated in vacuo and
the residue was purified by column chromatography (silica gel; hexane / ethyl acetate)
to yield D9 (1.67 g, 99%) as a light yellow solid. C;4H;0FsN4O; requires 332; Found
333 (MHY).

Description 10
4-(5-lIodo-6-trifluoromethyl-pyridazin-3-yl)-piperazine-1-carboxylic acid zerf-butyl
ester (D10)

To a mixture of butyllithium (2.5 M in hexanes) (6.31 ml, 1579 mmeol) in
tetrahydrofuran (125 ml) at 0 °C, was added 2,2,6,6-tctramcthylpiperidine (3.808 ml,
22.56 mmol). The reaction mixture was then stirred at room temperature for 1 h. The
mixture was cooled to —78 °C and then a solution of 4-(6-trifluoromethyl-pyridazin-3-
yl)-piperazine-1-carboxylic acid rert-butyl ester (D9) (2.5 g, 7.52 mmol)
tetrahydrofuran (20 ml) was added. The mixture was stirred for 1 h. at -78 °C before
adding a solution of iodine (2.29 g, 9.024 mmol) in tetrahydrofuran (10 ml). The
mixture was stirred at —78 °C for 1 h. and then diluted with a 10% solution of acetic
acid in tetrahydrofuran. The mixture was then allowed to reach room temperature and
then the solvent was evaporated in wvacuo. The residue was diluted with
dichloromethane and extracted with water. The organic layer was separated, dried
(MgSQy,), filtered and the solvent evaporated in vacuo. The residue was precipitated
from diethyl ether to yield D10 (2.81 g, 82%) as a light yellow solid. Cy4H;5F3IN4O2
requires 458; Found 459 (MH™).
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Deseription 11
4-[5-(2-Tolyl)-6-trifluoromethyl-pyridazin-3-yl]-piperazine-1-carboxylic acid fer-
butyl ester (D11)

%‘O S\ NN
}—N N—  DCF,
d \_/ —_

A mixture of 4-(5-iodo-6-trifluoromethyl-pyridazin-3-yl)-piperazine-1-carboxylic acid
tert-butyl ester (D10) (0.20 g, 0.436 mmol), o-tolylboronic acid (0.071 g, 0.523 mmol),
1,1'-bis(diphenylphosphino)ferrocenepalladium(ll).dichloride, dichloromethane (0.022
g, 0.026 mmol), 1,1'-bis(diphenylphosphino)ferrocene (0.015 g, 0.026 mmol) and
potassium phosphate (0.138 g, 0.654 mmol) in dioxane (8.5 ml) was stirred at 80 "C for @
16 h. and then at 110 °C for 2 days. The mixture was then filtered through a pad of
diatomaceous earth and the solvent was evaporated in vacuo. The residue was purified
by column chromatography (silica gel; dichloromethanc / methanol 70/30) to yield D11
(0.089 g, 48%) as a yellow solid. CyH,sF3N4O; requires 422; Found 423 (MH").

Description 12
4-[5-(4’-Fluorobiphenyl-4-y1)-6-triflaoromethyl-pyridazin-3-yl]-piperazine-1-
carboxylic acid ferr-butyl ester (D12)

F
A mixture of 4-[5-(4-bromophenyl)-6-trifluoromethyl-pyridazin-3-ylj-piperazine-1-
carboxylic acid terz-butyl ester (0.2 g, 0.41 mmol) (prepared by procedures similar to
those described for D8), 4-fluorobenzeneboronic acid (0.069 g, 0.49 mmol), trans-
Pd(OAC),(Cy,NH), (0.015 g, 0.026 mmol), prepared by following the procedure
described in Tao, B.; Boykin, D.W. Tetrahedron Lett. 2003, 44, 7993-7996, and
potassium phosphate (0.261 g, 1.23 mmol) in dioxane (3 ml) was stiured at 80 °C
overnight. The reaction mixture was then diluted with dichloromethane and extracted
with a saturated solution of sodium carbonate. The organic layers were separated, dried
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(Na,SQy), filtered and the solvent evaporated in vacuo. The residue was then purified
by column chromatography (silica gel; dichloromethane / heptane 3:7 to 10:0). The
desired fractions were collected and evaporated in vacuo to yield D12 (0.115 g, 56%).
CacHaF4N4O, requires 502; Found 503 (MHP.

Description 13
4-(6-Chloro-5-phenyl-pyridazin-3-yl)-piperazine-1-carboxylic acid rerr-butyl ester
(D13)

%—o —  N—N
>—N —C N—q
4 N/ —_

A mixture of 3,6-dichloro-4-phenyl-pyridazine (0.41g, 1.82 mmol), prepared by
following the procedure described in W0-2005/013907, N-Boc-piperazine (0.509 g,
2.73 mmol) and diisopropylethylamine (0.634 ml, 3.64 mmol) in acetonitrile (7.5 ml)
was stirred at 180 °C for 40 min., under microwave irradiation, and then for a further 30
min. After this period, additional amounts of diisopropylethylamine (0.1 mi, 0.57
mmol) and N-Boc-piperazine (0.1 g, 0.54 mmol} were added and the resulting mixture
was stirred at 180 °C for 40 min. The solvent was evaporated in vacuwo and then,
dichloromethane and a saturated solution of ammonium chloride were added. The
organic layer was separated, dried (Na,SO,), filtered and the solvent evaporated in
vacuo, The residue was then purified by column chromatography (silica gel,
dichloromethane and heptanc / cthyl acctate 8:2 to 7:3). The desired fractions were
collected and evaporated in vacuo to yield D13 (0.137 g, 20%) as a white solid.
C19H,3CIN4O; requires 374; Found 375 (MH™).

Description 14
4-(6-Cyano-5-phenyl-pyridazin-3-yl)-piperazine-I-carboxylic acid fert-butyl ester
(D14)

%‘0 S\ N—N
}——N N =N
J N/
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To a mixture of =zinc cyanide (0077 g, 066 mmol) and
tetrakis(triphenylphosphine)palladium (0) (0.1 g, 0.09 mmol) was added a solution of
4-(6-chioro-5-phenyl-pyridazin-3-yl)-piperazine-1-carboxylic acid tere-butyl ester
(D13) (0.137 g, 0.36 mmol) in N,N-dimethylformamide (3.5 ml). The resulting mixture
was stirred at 160 °C for 30 min, under microwave irradiation. The solvent was
evaporated in vacuo to yicld D14 (0.133 g, quant.). Cy0H2:NsO; requires 365; Found
366 (MH").

Description 15
4-[5-(5-Chloro-thiophen-2-yl)-6-trifluoromethyl-pyridazin-3-yl}-piperazine-1-
carboxylic acid tert-butyl ester (D15)

A mixture of 4-(5-iodo-6-trifluoromethyl-pyridazin-3-yl)-piperazine- I-carboxylic acid
tert-butyl ester (D10) (0.20 g, 0.436 mmol), 5-chlorothiophene-2-boronic acid (0.082
g, 0.51 mmol), tetrakis(triphenylphosphine)patladium (0) (0.024 g, 0.021 mmeol) and
sodium carbonate (0.103 g, 0.96 mmol) in dimethoxyethane (3 ml) and water (0.75 ml)
was stirred in a sealed tube at 110 °C for 16 h. The mixture was then filtered through a
pad of diatomaceous earth and the solvent was evaporated in vacuo. The residue was
purified by column chromatography (silica gel; dichloromethane / 10% ammonia in
methanol (7M) in dichloromethane 97/3) to yield D15 (0.152 g, 67%) as a yellow
syrup. C1sHaoCIE;N,40,8 requires 448; Found 449 (MH").

Example 1
4-Phenyl-6-piperazin-1-yI-3-trifluoromethyl-pyridazine (K1)

/N PR
N N~ D—cr
7/

To a solution of 4-(5-phenyl-6-trifluoromethyl-pyridazin-3-yl)-piperazine-1-carboxylic
acid fert-butyl ester (D4) (1.8 g, 0.0044 mol} in methanol (125 ml) was added
Amberlyst® 15 ion exchange resin, acidic form (4.1 mmol/g) (5.3 g, 0.022 mol) and
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the reaction mixture was shaken at room temperature for 18 h. After this period, the
mixture was filtered and then a saturated solution of ammonia in methanol was added.
The mixture was shaken for 1 h, filtered and the filtrate evaporated in vacuo. The crude
product was crystallised from ether / heptane to yield E1 (1.3 g, 96 %). CisHisFsN,
requires 308; Found 309 (MH").

Melting point (ether / heptane): 130.7°C

'"H NMR (500 MHz, chloroform-¢) & ppm: 1.71 (bs, 1 H), 3.01 (t, /=5.20 Hz, 4 H),
3.77(t, /=520 Hz,4 H), 6.71 (s, 1 H), 7.29 - 7.37 (m, 2 H), 7.42 - 7.49 (m, 3 H).

BC NMR (126 MHz, chloroform-d) 8 ppm: 45.72 (s, 2 CHy), 45.76 (s, 2 CHy), 112.73
(s, CH), 122.48 (q, /=581 Hz, C), 128.19 (s, CH), 128.36 (s, 2 CH), 129.01 (s, CH),
135.66 (s, C), 140.55 (s, C), 141.03 (s, C), 160.22 (s, C).

Example 2

6-(4-Ethylpiperazin-1-yl)-4-phenyl-3-trifluoromethyl-pyridazine (E2)
N—N

N N~ D—cF,
S . 3

To a mixture of 4-phenyl-6-piperazin-1-yl-3-trifluoromethyl-pyridazine (E1) (0.15 g,
0.49 mmol) in tetrahydrofuran (5 ml), was added acetaldehyde (55 ml, 0.97 mmol). The
reaction mixture was stirred at room temperature for 30 min., and then sodium
triacetoxyborohydride (0.154 g, 0.73 mmol) was added. The reaction mixture was
stirred at room temperature for 16 h. Then, more acetaldehyde (55 ml, 0.97 mmol) and
sodium triacetoxyborohydride (0.154 g, 0.73 mmol) were added and the mixture was
stirred at room temperature for 4 h. Dichloromethane was then added and the mixture
was extracted with a saturated solution of ammonium chloride. The organic phase was
separated, dried (Na;SOy), filtered and the solvent evaporated in vacuo. The residue
was purified by column chromatography (silica gel; ethyl acetate / 10% ammonia in
mcthanol (7M) in dichloromcthanc 10:0 to 8:2). The desired fractions were collected,
the solvent evaporated in vacuo, the residue dissolved in acetonitrile and converted into
its hydrochloric acid salt by addition of a saturated solution of hydrochloric acid in
diethyl ether. The white solid obtained was filtered and dried affording E2 (0.039 g,
21%). Ci7H19F3sN4-HCL ; free base requires 336; Found 337 (MH").

Melting point : 281.9°C
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"H NMR (500 MHz, DMSO-ds) 8 ppm: 1.28 (t, J/=7.22 Hz, 3 ), 2.98 - 3.22 (m, 4 H),
3.48 - 3.64 (m, 4 H), 4.73 (d, J=13.58 Hz, 2 H), 7.32 - 7.46 (m, 3 H), 7.46 - 7.60 (m, 3
H), 11.26 (br. s., 1 H).

Example 3
6-[4-(3,5-Difluorobenzyl)piperazin-1-yl]-4-phenyl-3-trifluoromethyl-pyridazine

(E3)
F
FQ
N—N
N N~ D—cF
A—v4

A mixture of 4-phenyl-6-piperazin-1-yl-3-trifluoromethyl-pyridazine (EI} (0.050 g,
0.16 mmol), 3,5-difluorobenzyl bromide (0.031 ml, 024 mmel) and
diisopropylethylamine (0.056 ml, 0.32 mmol) in acetonitrile (2 ml) was stirred at 100
°C for 10 min., under microwave irradiation. The solvent was evaporated in vacwo and
then, dichloromethane and ammonium chloride (10% aqueous solution) were added.
The mixture was filtered through a diatomaceous carth cartridge. The solvent was then
evaporated in vacuo and the residue was purified by CC-TLC (centrifugal circular thin-
layer chromatography) on a chromatotron (a preparative, centrifugally accelerated,
radial, thin-layer chromatograph). The crude product was crystallised from dicthyl
ether / heptane to yield E3 (0.037 g, 52%) as a solid. CyuHoFsNy requires 434; Found
435 (MH").

Melting point : 138.8°C

"H NMR (400 MHz, chloroform -&) 8 ppm: 2.56 - 2.62 {m, 4 H), 3.54 (s, 2 H), 3.78 -
3.85 (m, 4 H), 6.72 (tt, /~8.91, 2.28 Hz, 1 H), 6.71 (s, 1 H), 6.86 - 6.95 (m, 2 H), 7.28 -
7.35 (m, 2 H), 741 - 7.51 {m, 3 H).

Example 4
cis-6-(3,5-Dimethylpiperazin-1-yl)-4-phenyl-3-trifluoromethyl-pyridazine (E4)

N—N
N N S>—cF,

2
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A mixture of 6-chloro-4-phenyl-3-trifuoromethyl-pyridazine (D3) (0.15 g, 0.58 mmol),
2,6-cis-dimethylpiperazine (0.097 g, 0.87 mmol} and diisopropylethylamine (0.202 ml,
1.16 mmol) in acetonitrile (3 ml) was stirred at 180 °C for 30 min., under microwave
irradiation. The solvent was evaporated in vacuwo and then dichloromethane and a
saturated solution of ammonium chloride were added. The mixture was filtered and the
solvent cvaporated in vacuo. The residue was purified by column chromatography
(silica gel; 1-3 % ammonia in methanol (7M) / dichloromethane). The desired fractions
were collected and evaporated in vacio. The product thus obtained was treated with a
solution of hydrochloric acid in diethyl ether (2M) to yield the corresponding salt E4
(0.058 g, 27%, CIS) as a pale brown solid. Ci7H1oF3N4-HCl ; free base requires 336,
Found 337 (MH").

Melting point (ether): 285.4°C

"H NMR (400 MHz, DMSO-ds) 8§ ppm: 1.32 (d, J=6.63 Hz, 6 H), 3.08 (dd, J=13.99,
11.51 Hz, 2 H), 3.30 - 3.41 (m, 2 H), 4.76 (d, /=13.27 Hz, 2 H), 7.36 - 7.43 (m, 3 H),
7.49 -7.55(m, 3 H),9.16 - 9.27 (m, 1 H), 9.60 (d, /=9.74 Hz, 1 H).

Example §
2-(5-Phenyl-6-trifluoromethyl-pyridazin-3-yl)-octahydro-pyrrolo[l,2-a]pyrazine

(ES)
B

N N CF,
N/

A mixture of 6-chloro-4-phenyl-3-trifuoromethyl-pyridazine (D3) (0.10 g, 0.39 mmol),
octahydro-pyrrolo(1,2-a)pyrazine, racemic mixture, (0.053 g, 042 mmol) and
diisopropylethylamine (0.103 ml, 0.585 mmol) in acetonitrile (3 ml) was stirred at 150
°C for 30 min., under microwave irradiation. The reaction mixture was then diluted
with dichloromethane (25 ml) and extracted with a saturated solution of sodium
carbonate (12 ml). The organic layers were separated, dried (Na;SQy), filtered and the
solvent evaporated in vacuo. The residue was then purified by column chromatography
(silica gel; 0-2.5 % ammonia in methanol (7M) / dichloromethane). The desired
fractions were collected and evaporated in vacuo. The residue was precipitated from
acetonitrile / heptane, The product obtained was treated with a solution of hydrochloric
acid in diethyl ether (2M) to yield the corresponding salt ES (0.081 g, 54%) as a white
solid. C1sH1oF;N4-HCl ; free base requires 348; Found 349 (MH").
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Melting point : 104.2°C

"H NMR (500 MHz, DMSO-ds) & ppm: 1.71 - 2.25 (m, 3.5 H), 2.88 - 3.01 (m, 0.5 H),
3.06 - 3.19 (m, 0.5 H), 3.19 - 3.60 (m, 4.5 H), 3.65 (d, /~=11.85 Hz, 0.5 H), 3.83 - 3.98
(m, 2 H), 4.26 - 4.37 (m, 0.5 H), 4.86 (d, /=14.16 Hz, 0.5 H), 5.00 (d, /=13.29 Hz, 0.5
H), 7.28 (s, 0.5 H), 7.37 - 7.46 (m, 2.5 H), 7.47 - 7.57 (m, 3 H), 11.74 (s, 0.5 H), 11.87
(s, 0.5 H).

Example 6

4-(4-Fluorophenyl)-6-piperazin-1-yl-3-trifltuoromethyl-pyridazine (E6)
N NN

N N —cF,

/

F

To a solution of 4-[5-(4-fluorophenyl)-6-trifluoromethyl-pyridazin-3-yl]-piperazine-1-
carboxylic acid fers-butyl ester (D8) (1.25 g, 2.93 mmol) in methanol (50 ml) was
added Amberlyst® 15 ion exchange resin, acidic form (4.1 mmol/g) (3.6 g, 14.64
mmol) and the reaction mixture was shaken at room temperature for 18 h. After this
period, the mixturc was filtered and then a saturated solution of ammonia in methanol
was added. The mixture was shaken for 1 h, filtered and the filtrate evaporated in
vacuo. The crude product was purified by HPLC. The desired fractions were collected
and evaporated in vacuo to yield E6 (0.507 g, 53%). CisH;4F4N4 requires 326; Found
327 (MH").

Melting point: 137.4°C
"H NMR (400 MHz, Chloroform-d) 8 ppm: 1.67 (br. s., 1 H), 2.99 - 3.05 (m, 4 H), 3.74
- 3.82 (m, 4 H), 6.68 (5, 1 H), 7.15 (t, /=8.71 Hz, 2 H), 7.31 (dd, /=8.50, 5.39 Hz, 2 H).

Example 7
6-Piperazin-1-yl-4-thiophen-3-yl-3-trifluoromethyl-pyridazine (E7)
N\ NN
m N S—cF,
n_/ —
/3
S

To a solution of 4-[5-(3-thienyl)-6-trifluoromethyl-pyridazin-3-yl]-piperazine-1-
carboxylic acid terr-butyl ester (0.074 g, 0.18 mmol), preparcd by procedurcs similar to
those described for D8, in methanol (5 ml) was added Amberlyst® 15 ion exchange
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resin, acidic form (4.1 mmol/g) (0.218 g, 0.89 mmol) and the reaction mixture was
shaken at room temperature for 18 h. After this period, the mixture was filtered and
then a saturated solution of ammonia in methanol was added. The mixture was shaken
for 1 h, filtered and the filtrate evaporated in vacuo. The crude product was crystallized
from ether / heptane to yield E7 (0.049 g, 87 %). C13H;3FaN4S requires 314; Found 315
(MHY,

Melting point (ether / heptane); 244.3°C
"H NMR (400 MHz, chloroform-d) 8 ppm: 1.68 (br. s., 1 H), 2.98 - 3.05 (m, 4 H), 3.73
-381(m,4H),6.78(s, 1 H),7.14 -7.21 (m, 1 H), 7.36 - 7.45 (m, 2 H).

Example 8

6-Piperazin-1-yl-4-o-tolyl-3-trifluoromethyl-pyridazine (E8)
/NN

N N —cF,

_/

To a solution of 4-[5-(2-tolyl)-6-trifluoromethyl-pyridazin-3-yl]-piperazine-1-
carboxylic acid fert-butyl ester (D11) (0.089 g, 0.21 mmol) in methanol (7 ml) was
added Amberlyst® 15 ion exchange resin, acidic form (4.1 mmol/g) (0.257 g, 1.05
mmol) and the reaction mixture was shaken at room temperature for 18 h. After this
period, the mixture was filtered and then a saturated solution of ammonia in methanol
was added, The mixture was shaken for 1 h, filtered and the filtrate evaporated in
vacuo. The residue was purified by HPLC and the desired fractions were collected and
evaporated in vacuo to yield E8 (0.026 g, 50%) as a white solid, CisH17F;N4 requires
322; Found 323 (MH").

"H NMR (400 MHz, DMSO-dq) 8 ppm: 2.05 (s, 3 H), 2.74 - 2.83 (m, 4 H), 3.37 (br. s.,
1 H), 3.62 - 3.72 (m, 4 H), 7.15 (t, J=3.63 Hz, 2 H), 7.26 (td, J=7.26, 1.66 Hz, 1 H),
7.31-7.38 (m, 2 H).
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Example 9
4-(4’-Fluorobiphenyl-4-y1)-6-piperazin-1-yl-3-trifluoromethyl-pyridazine (E9)

A mixture of  4-[5-(4’-fluorobiphenyl-4-yl)-6-trifluoromethyl-pyridazin-3-yl]-
piperazine-1-carboxylic acid ‘fert-butyl ester (D12) (0.115 g, 0.23 mmol) and
trifluoroacetic acid (2 ml) in dichloromethane (8 ml) was stirred at room temperature
for 2 h. The solvent was evaporated in vacuo and then, dichloromethane and a saturated
solution of sodium carbonate were added. The organic layers were separated, dried
(Na;S0,), filtered and the solvent evaporated in vacuo. The residue was then purified
by column chromatography (silica gel; 1-3 % ammonia in methanol (7M) /
dichloromethane).The desired fractions were collected and evaporated in vacuo to yield
E9 ( 0.084 g, 91%). CyH;sF4Ny requires 402; Found 403 (MH™).

Melting point : 161.9°C

"H NMR (400 MHz, chloroform-d) 8 ppm: 1.72 (br. s., 1 H), 2.99 - 3.05 (m, 4 H), 3.75
-3.82 (m, 4 H), 6.74 (s, 1 H), 7.13 - 7.20 (m, 2 H), 7.40 (d, /=8.29 Hz, 2 H), 7.57 - 7.64
(m, 4 H).

Example 10

4-Phenyl-6-piperazin-1-yl-pyridazine-3-carbonitrile (E10)
N—N

To a solution of 4-(6-cyano-5-phenyl-pyridazin-3-yl)-piperazine-1-carboxylic acid fert-
butyl ester (D14) (0.133 g, 0.37 mmol) in methanol (10 ml) was added Amberlyst® 15
ion exchange resin, acidic form (4.1 mmol/g) (1.3 g, 5.3 mmol) and the reaction
mixture was shaken at room temperature for 18 h. After this period, the mixture was
filtered and then a saturated solution of ammonia in methanol was added. The mixture

was shaken for 1 h, filtered and the filtrate evaporated in vacwo. The residue was
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purified by HPLC. The desired fractions were collected and evaporated in vacuo to
yield E10 (0.06989 g, 72%) as a white solid. C,5sH;sNs requires 265; Found 266 (MH™),

Melting point : 271.6°C
'H NMR (400 MHz, DMSO-ds) § ppm: 2.77 - 2.84 (m, 4 H), 3.34 (br. s., 1 H), 3.71 -
380 (m 4 H), 729 (s, 1 H), 755 - 7.61 (m, 3 H), 7.66 - 7.72 ({m, 2 H).

Example 27
4-(5-Chloro-thiophen-2-yl)-6-piperazin-1-yl-3-trifluoromethyl-pyridazine (E27)

N—N
7N

To a solution of 4-[5-(5-chloro-thiophen-2-yl)-6-trifluoromethyl-pyridazin-3-yl]-
piperazine-1-carboxylic acid tert-butyl ester (D15) (0.114 g, 0.25 mmol} in methanol
(10 ml) was added Amberlyst® 15 ion exchange resin, acidic form (4.1 mmol/g) (0.305
g, 1.25 mmol) and the reaction mixture was shaken at room temperature for 18 h. After
this period, the mixture was filtered and then a saturated solution of ammonia in
methanol was added. The mixture was shaken for 1 h, filtered and the filtrate
evaporated i» vacuo. The residue was then purified by column chromatography (silica
gel; 3% ammonia in methanol (7M) / dichloromethane). The desired fractions were
collected and evaporated in vacuo. The crude product was dissolved in a 2 M solution
of hydrochoric acid in diethyl ether and the mixture stirred at room temperature for 16.
The solvent was evaporated in vacwo. The solid obtained was triturated from diethyl
cther to yield E27 (0.062 g, 87 %). Ci3H;;CIFaN4S requires 348; Found 349 (MH™).

Melting point : Decomposes
"H NMR (500 MHz, DMSO-ds) 8 ppm 3.24 (br. s., 4 H) 4.07 (d, /=5.2 Hz, 4 H) 7.23
(d, /=3.8Hz, 1 H)7.26 (d,/=3.8 Hz, 1 H) 7.41 (s, ] H) 9.45 (br. 5., 2 H).
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Example 40
4-Phenyl-6-piperazin-1-yl-3-triflunoromethyl-pyridazine monohydrochloride (E40)

/N PR
N N  —cF,
_/

CI

To a solution of E1 (16 g, 51.90mmol) in 2-butanone (400ml) warmed to 50 °C was
added dropwise, hydrochloric acid in 2-propanol (6N, 51.90 mmol). The mixture was
heated at reflux temperature for 90 minutes and then stirred for 2 hours at 50 °C and
further overnight at room temperature. The precipitated crystals were filtered off and
dried under vacuum at 45 °C, to yield E40 (10.4 g, 58 %).

Melting point: > 185 °C (decomposes).

The following Examples (EI1 - E19) were prepared by procedures similar to those
described for Example (E6). Example (E20) was prepared by deproctection of
Description {D13) according to a procedure analogous to the one reported for Example
(E1). Example (E28) was prepared in analogy to (E27) but using potassium carbonate
as base and 1,4-dioxane as solvent. Examples (E29) (toluene / ethanol / H,O), (E30)
(toluene / ethanol / HO), (E31) (1,4-dioxane / H;0), (E32) (1,4-dioxane / H,0), (E33)
(1,4-dioxane / Hy0), (E34) (1,4-dioxane / H,O) and (E35) (1,4-dioxane / H20) were
prepared by procedures similar to those described for Example (E27) but using the
solvents specified for each case respectively. Examples (E18, E27, E28, E31, E32, E33
and E34) were isolated as hydrochloric acid salts.

The value in the column M. Wt free base, is the exact mass calculated using the exact

masses of the most abundant isotopes.
NZ N | R4
N
(\ N R,
HN\)
R;_}% RI— Melting Molecular M. Wt RT |[LCMS
Ex. MH+

Point (*C) Formula [Free base (min) |Method

El CF; ©/ 130.7 CisH)sFaNy 308 309 3.13 1




-4 -

R]____% RZ— Melting Molecular M. Wt RT | LCMS
Ex. MH+
Point (°C) Formula Free base (min) |Method
E6 CF; /Q/ 137.4 CisHaFsN, 326 327 3.39 i
F
E7 CFs (/j/ 2443 CisHysFaNsS 314 315 2.92 1
3
E8 CF3 q nd CIGI‘I;-;FSN_; 322 323 3.37 2
E9 CF; 161.9 Co HygF 4Ny 402 403 4.65 1
F
E10 CN ©/ 2716 CsH sNs 265 266 2.07 1
Ell CF; /©/ 1106 CigHj7FaN, 322 323 3.67 I
E12 CF; /Q/ 198.2 CsH L CIFN, 342 343 374 1
Cl
HO. 2N
El3 CF:; U nd C151I15F3N40 324 323 2.26 1
El4 CF: /©/ 138.2 CysHaBrEaN, 386 387 3.99 1
Br
- ~
El5 CF4 U 1447 CisHsF3Ny 326 327 332 3
cl My
El6 CF, \©/ 178.8 CysH 4 CIFN, 342 343 3.66 1
El7 CF, 128.1 CroH)pFsNy 358 359 401 [
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Rl—é RI— Melting Molecular M. Wt RT |LCMS
Ex. MH+
Point (°C) Formula [Free base (min) |[Method
EI8 CF; ‘/ 281.8 C1oH (7F Ny HCE 358 359 3.75 I
P
E19 CF; C{/ 112.6 CaH sFaNS 314 315 283 I
S
E20 Cl ©/ 173.9 CaH,;sCINy 274 275 229 4
o
E27 CF; \ S decomposes | C3H;CIFN.S-HCI 348 349 3.55 4
Cl
E28 CF; @/ decomposcs | CigljcFaNyHCE 340 341 139 4
F
E29 | CF; %E/ 101.0 CoalsFaN,S 328 329 | 307 4
S
o
E30 | CFa \—Q)/ 98.1 CuHsFaNGS 328 320 | 330 4
S
\O
E3l | CF, ©/HIL 287.7 CyeH7F5N,O-TIC] 338 339 439 6
E32 CF; ~ /©/ 198.7 CsHpF3N5HCI 351 352 4.i3 6
N
F
E33 | CF ©/ decomposes| CiHLFNGHCL | 326 327 | 441 6
Ci

Cl
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R'—% RE— Melting Molecular M. Wt RT | LCMS
Ex. ~ MH-+

Point (*C) Formula [Free base {min) |Method
E35 CF; O O 199.1 Co H5F3Ny 384 383 4.00 7

Example (E21) was prepared by a procedure similar to the one described for (E3),

examples (E22, E24 and E25) were prepared by procedures similar to those described

for (E2), (E23) was prepared from (El) by reductive amination with (1-

ethoxycyclopropoxy)trimethylsilane following the procedure described in Gillaspy,
M.L.; Lefker, B.A; Hada, W.A.; Hoover, D.J. Tetrahedron Letters 1995, 36, 7399-
7402, E(26) was prepared by a procedure similar to the one those described for (E4)

and examples (E36, E37, E38 and E39) were prepared by procedures similar to (E2)

but using the hydrochloric acid salt of El as starting material, dichloromethane as
solvent and triethyl amine, respectively. Examples (E2), (E4), (ES), (E22) and (E26)
were isolated as hydrochloric acid salts. Examples (ES) and (E26) (trans) were obtained

as racemic mixtures.

Melting MWt LCMS
RI— Molecular RT
Ex. Point Free MH+ Metho
Formula (min)
0 bhase d
e
E2 2819 Cy11oF N, TICL 336 337 423 1
~_-N
F
Pt
o
E3 i \) 382 | CoHFsN, $34 | 935 | 557 1
F
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Melting MWt LCMS
R3— Molecelar RT
Ex. Point Free MH+ Metho
Formula (min)
{"C) hase d
/‘1"1
\/\ N
E4 HN 2854 CqH o FaNyHCI 336 137 4,05 5
N/“‘LL
N
F K\ /H'H
N
E21 Fj©\, N\) 1851 CxHioFsN, 434 435 | 5.49 1
(\ N/H‘m
P N
A
)
(\ N/L"'x
E24 129.8 CisHy FsNy 350 351 4,64 4
TN N
(\ N/‘l'-u.
E325 LERY] CrgHaaF 5N, 364 365 5.05 4
\/\/ N
A
N
F26 HN\) 2730 | ChHoFNgHCL | 336 337 | 3.99 3
MEXTURLE OF TRANS
(\ N)LL
E36 @\/ nd ngHglF.gN.; 398 399 3.83 7
N
/N (\ N/LLH.
E37 ] nd CoyHagF3Ns 399 400 | 4.49 6
N N
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Melting M.Wt LCMS
R3— Molecular RT
Ex. Point Free MH+ Metho
FFormula (min)
(°C) base d

22N (\ N/
E38 | nd CoyHaoF3Ns 399 400 4.77 6
BN N

E39 A\/ \) nd CioHaF3N, 362 363 | 4.69 6
N

Pharmacology

In vitro binding affinity for human D2; receptor

Frozen membranes of human Dopamine D2; receptor-transfected CHO cells were
thawed, briefly homogenised using an Ultra-Turrax T25 homogeniser and diluted in
Tris-HCI assay buffer containing NaCl, CaCly, MgCly, KCI1 (50, 120, 2, 1, and 5 mM
respectively, adjusted to pH 7.7 with HCI) to an appropriate protein concentration
optimised for specific and non-specific binding. Radioligand [*H]Spiperone (NEN,
specific activity ~70 Ci/mmol) was diluted in assay buffer at a concentration of
2 nmol/L.. Prepared radioligand (50 ul), along with 50 Ll of either the 10 % DMSO
control, Butaclamol (10 mol/1 final concentration), or compound of interest, was then
incubated (30 min, 37 °C) with 400 ul of the prepared membrane solution. Membrane-
bound activity was filtered through a Packard Filtermate harvester onto GF/B
Unifilterplates and washed with ice-cold Tris-HCl buffer (50 mM; pH 7.7; 6 x 0.5 ml).
Filters were allowed to dry before adding scintillation fluid and counting in a Topcount
scintillation counter. Percentage specific bound and competition binding curves were
calculated using S-Plus software (Insightful). Most compounds had a plCsg value >
5.0.

Fast dissociation

Compounds showing an 1Csq less than 10 UM were tested in an indirect assay adapted
from a method published by Josee E. Leysen and Walter Gommeren, Joumnal of
Receptor Research, 1984, 4(7), 817-845, to evaluate their rate of dissociation.
Compounds at a concentration of 4 times their ICso were first incubated for one hour
with human D2L receptor cell membranes in a volume of 2 ml at 25°C, then filtered
over glass-fibre filter under suction using a 40 well multividor. Immediately after, the
vacuum was released. 0.4 ml of pre-warmed buffer (25°C) containing 1 nM
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[*H]spiperone was added on the filter for 5 minutes. The incubation was stopped by
initiating the vacuum and immediate rinsing with 2 x 5 ml of ice-cold buffer. The filter-
bound radioactivity was measured in a liquid scintillation spectrometer. The principle
of the assay is based on the assumption that the faster a compound dissociates from the
D2 receptor, the faster ['H]spiperone binds to the D2 receptor. For example, when D2
receptors arc incubated with clozapine at the concentration of 1850 nM (4 x ICsg),
[*H]spiperone binding is equivalent to 60-70 % of its total binding capacity (measured
in absence of drug) after 5 min incubation on filter. When incubated with other
antipsychotics, [*H]spiperone binding varies between 20 and 50 %. Since clozapine
was included in each filtration run, tested compounds were considered fast dissociating
D2 antagonists if they were dissociating as fast or faster than clozapine. Most tested
co;npounds had a dissociation rate faster than that of clozapine, i.e. > 50 %.

In vitro binding affinity for human D3 receptor

Frozen membranes of human Dopamine D3 receptor-transfected CHO cells were
thawed, briefly homogenized using an Ultra-Turrax T25 homogeniser and diluted in 50
mM Tris-HC] assay buffer containing 120 mM NaCl, 2 mM CaCly, 1 mM MgCl,, 5
mM KCl and 0.1% BSA (adjusted to pH 7.4 with HCI) to an appropriate protein
concentration optimized for specific and non-specific binding. Radioligand
['*1]todosulpride (Amersham, specific activity ~2000 Ci/mmol) was diluted in assay
buffer at a concentration of 2 nM. Prepared radioligand (20 pl), along with 40 pl of
either the 10 % DMSO control, Risperidone (10°° M final concentration), or compound
of interest, was then incubated with 70 ul of the prepared membrane solution and 70 nl
of WGA coated PVT beads (0.25 mg/well final concentration). Afier shaking for 24
hours at RT plates were counted in a Topcount™ scintillation counter. Percentage
specific binding and competition binding curves were calculated using S-Plus software
(Insightful).

In vitro binding affinity for human SHT6 receptor

Frozen membranes of human Serotonin 5HT6 receptor-transfected HEK cells were
thawed, briefly homogenized using an Ultra-Turrax T25 homogeniser and diluted in 50
mM Tris-HCl assay buffer containing 10 mM MgCl,, 1 mM EDTA and 10 uM
Pargyline (adjusted to pH 7.4 with HCI) to an appropriate protein concentration
optimized for specific and non-specific binding. Radioligand [*H]Lysergic acid
diethylamide (Perkin Elmer, specific activity ~80 Ci/mmol) was diluted in assay buffer
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at a concentration of 20 nM. Radioligand (20 ul), along with 40 1l of either the 10 %
DMSO control, Methiothepine (10° M final concentration), or compound of interest,
was then incubated with 70 ul of the prepared membrane solution and 70 ul of WGA
coated PVT beads (0.25 mg/well final concentration). After shaking for 24 hours at RT
plates were counted in a Topcount™ scintillation counter. Percentage specific binding

and competition binding curves were calculated using S-Plus software (Insightful).

Ex. | D2y, binding | D2 dissociation | 5-HT6 binding | D3 binding
pPICso pICso pPICso

E20 | 5.85 n.d. 5.36 6.82
E21 | 5.70 n.d. >5 5.83
Et | 5.96 75% 6.23 7.18
g3 | 6.21 n.d. =5 <5
E6 | 6.43 55% 6.67 7.44
E13 1 5.29 nd. 5.45 <5
E4 | 542 n.d. 5.07 <35
E26 | 5.22 n.d. 5.64 <5
El4 | 5.39 n.d. 5.37 <5
Ell | 5.90 n.d. 6.13 7.05
r7 | 6.06 81% 5.81 <5
E10 | 3.25 86% 5.34 <5
E15 | 5.24 n.d. 5.81 6.2
Ex | 6.11 79% 5.90 7.41
g2 | 6.69 80.5% 5.50 7.60
El2 | 5.44 n.d. 5.76 6.46
g2 | 5.73 n.d. <5 6.56
Ei¢ | 5.32 n.d. 6.61 6.26
Ei7 | 5.10 n.d. 6.36 6.40
E19 | 5.86 nd. 571 6.83
E18 | 5.11 nd. 6.80 <5
g | 6.00 78.5% 6.58 <5
Eo | 6.10 48% 5.74 7.32
Es | 5.90 84% 5.99 <35
g2 | 7.16 47% 5.57 8.58
g2 | 7.17 n.d. 5.27 <5
E27 | 5.82 n.d. 6.10 <5
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Ex. | D2, binding | D2 dissociation 5-HT6 binding | D3 binding
pICso pICsp pICso

E28 | 6.43 n.d. 6.61 7.32
E29 | 5.45 n.d. 6.27 <5
E30 | 6.12 82% 6.25 7.27
E36 | 7.48 n.d. 5.18 <5
E37 | 6.25 n.d. <35 6.75
E38 | 6.55 n.d. <5 7.06
E39 | 7.22 n.d. 5.41 <5
E31 | <3 n.d. 5.95 6.32
32 | <5 n.d. 6.01 5.89
E33 | 5.91, n.d. 5.89 7.28
E34 | 5.33 n.d. 6.10 7.06
E35 | 5.57 n.d. 5.82 6.97

n.d. : not determined
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Claims

1.

A compound of formula (1)

or a sterecisomeric form thereof, wherein

R1 is chloro, trifluoromethyl or cyano;

R2? is phenyl; phenyl substituted with 1, 2 or 3 substituents each independently selected from the group consisting
of halo, cyano, C,_4alkyl, Cy_salkyloxy, C,_jalkylsulfonyl, perfluoroC4_4alkyl, perfluoraC, 4alkyloxy, diC4 4alkylamine,
hydraxyl, and phenyl optionally substituted with 1, 2 or 3 substituents each independently selected from the group
consisting of hato, C4_4alkyl and perfluoroC,_jalkyl; thienyl; thienyl substituted with 1 or 2 substituents each inde-
pendently szlected from the group consisting of halo and C,_;alkyl; naphthyl; pyridinyl; pymolyl; benzathiazolyl;
indolyl; quinolinyl; Cq geycloalkyl; or Cg ycycloalkenyl;

R? is hydrogen, Cq_salkyl, Cq_salkyloxy or halo;

R4 and R are each independently hydrogen or C,_jalkyl, or R% and R5 together form C,_,alkanadiyl;

nis 1or2; and

R8is hydrogen, C,_salkyl, hydroxyC,_4alkyl, C5 geycloalkyl, Ca_geycloalkyl-C_alkyl, pyridinylmethyl, or phenylmethyi
optionally substituted on the phenyl with 1, 2 or 3 substituents each independently selected from the group consisting
of halo, cyano, C,jalkyl, Cq_jalkyloxy, C4,alkylsulfonyl, perfluoroCy 4alkyl, perflucroCy salkyloxy and
diC._salkylamino ; or RS and RS together form C_salkanediyt;

or a pharmaceutically acceptable salt or solvate thereof.

2. A compound according to claim 1 wherein

R' is chloro, trifluoromethyl or cyano;

R2 is phenyl; pheny! substituted with 1, 2 or 3 substituents each independently selected from the group consisting
of halo, cyano, Cq_salkyl, C;_salkyloxy, C4_jalkylsulfonyl, perfluoroC,_jalkyl, perfluoroC,_alkyloxy, diGq_4alkylamino,
hydroxyl, and phenyl substituted with 1, 2 or 3 substituents each independently selected from the group consisting
of halo, Cq48lkyl and perflucreC,_4alkyl; thienyl; thienyl substituted with 1 or 2 substituents each independently
selected from the group consisting of halo and C,_salkyl; naphthyl; pyridinyl; pyrrolyl; benzothiazoly(; indolyl; quin-
olinyl; C5_ gcycloalkyl; or Cs_;cycloalkenyl;

R3 is hydrogen, C4_4alkyl or halo;

R* and R5 are each independently hydregen or C_salkyl, or R* and RS together form C_salkanediyl;

nis1or2; and

RS is hydrogen, C,_salkyl, hydroxyC,_salkyl, C,_geycloalkyl, C4 geycloalkylC_salkyl, or phenylmethyl substituted on
the phenyl with 1, 2 or 3 subslituents each independently selscted from the group consisting of halo, cyano, C4_salkyl,
C_4alkyloxy, C,_salkylsulfonyl, perflucroGC_,atkyl, perfluorcC, 4alkyloxy and diC,.4alkylamino ; or R® and R togeth-
er form C,_galkanediyl,

or a pharmaceutically acceptable salt or solvate thereof.

A compound according to cfaim 1 wherein

R1is trifluoromethyl or cyano;

R2 is phenyl; phenyl substituted with 1, 2 or 3 substituents each independently selected from the group consisting
of halo, cyano, C4_salkyl, C4_salkyloxy, Cq_salkylsulfonyl, perfluoroC_4alkyl, diC4_4alkylamine, hydroxyl, and phenyl
substituted with 1, 2 or 3 substituents each independently selected from the group consisting of halo, C,_jalkyl and
perfluoroG,_yalkyl; thienyl; thienyl substituted with 1 or 2 substituents each indepsndently selected from the group
consisting of halo and C,_jalkyl; naphthyl; pyridinyl; pyrralyl; benzothiazolyl; indolyl; quinolinyl; Gy geycloalkyl; or
Cs_zcycloalkenyl;

R3 is hydrogen;

R?* and R® are each independently hydrogen or Cy_jalkyl;

nis 1;

RE is hydrogen, methyl, ethyl, cyclopropyl, or phenyimethyl substituted on the phenyl with 1, 2 or 3 substituents
each independently selected from the group consisting of halo, cyano, C,_jalkyl, Cq_salkyloxy, Cy_salkylsulfortyl,
perfluoraC,_jalkyl and diC,_jalkylamino ; or RS and RE together form C,_salkanediyl;
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or a pharmaceutically acceptable salt or solvate thersof.

A compound according to claim 1 wherein

R is trifluoromethyl;

R is phenyl; pheny! substituted with 1, 2 or 3 substituents sach independently selected from the group consisting
of halo, cyano, C4alkyl, C_salkyloxy, C4_jalkylsulfonyl, perfluoroCy_4alkyl, diCy_jalkylaming, hydroxyl, and phenyl
substituted with 1, 2 or 3 substituents each independently selected from the group consisting of hale, Cy_salkyl and
perfluoroC,_salkyl; thienyl; thienyl substituted with 1 or 2 substituents each independently selected from the group
consisting of halo and C,_4alkyl; naphthyl; pyridinyl; pyrrolyl; benzothiazolyl; indolyl; quinofinyl; C4_scycloalkyl; or
Cg scycloalkenyl;

R3 is hydrogen;

R# and RS are each independently hydrogen or methyl;

nis1;

R is hydrogen, ethyl or (3,5-difluorophenyl}methyl; or

R$ and R® together form 1,3-propanediyl;

or a pharmaceutically acceptable salt or solvate thereof.

A compound according to claim 1 wherein the compound is 4-phenyl-6-piperazin-1-yl-3-triflucromethyl-pyridazine.

A compound according to claim 1 wherein the compound is 4-phenyl-6-piperazin-1-yl-3-trifluoromethyl-pyridazine
monohydrochloride.

A pharmaceutical composition comprising a therapeutically effective amount of a compound as defined in claim 1.
A compound as defined in claim 1 for use as a medicine.

A compound as defined in claim 8 for use as an antipsychotic.

A compound as defined in claim 8 for use as a medicine in the treatment or prevention of schizophrenia, schizo-
phreniform disorder, schizoaffective disorder, delusional disorder, brief psychotic disorder, shared psychotic disor-
der, psychotic disorder due to a general medical condition, substance-induced psychotic disorder, psychotic disorder
not otherwise specified; psychosis associated with dementia; major depressive disorder, dysthymic disorder, pre-
menstrual dysphoric disorder, depressive disorder not otherwise specified, Bipolar | disorder, bipolar Il discrder,
cyclothymic disorder, bipolar disorder not otherwise specified, mood disorder due to a general medical condition,
substance-induced mood disorder, mood disorder not otherwise specified; generalized anxiety disorder, obsessive-
compulsive disorder, panic disorder, acute stress disorder, post-traumatic stress disorder; mental retardation; per-
vasive developmental discrders; attention deficit disorders, attention-deficit’hyperactivity disorder, disruptive be-
haviour disorders; personality disorder of the paranoid type, personality disorder of the schizoid type, personality
disorder of the schizotypical type; tic disorders, Tourette’s syndrome; substance dependence; substance abuse;
substance withdrawal; trichotillomania; and conditions wherein cognition is impaired; Alzheimer's disease, Parkin-
son’s disease, Huntingdon's disease, Lewy Body Dementia, dementia due te HIV disease, dementia due to Creut-
zfeldt-Jakob disease; amnestic disorders; mild cognitive impairment; and age-related cognitive decline; and feeding
disorders such as anorexia and bulimia; and obesity.



