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2-Aza-bicyclo[3.3.0]octane derivatives

The present invention relates to novel 2-aza-bicyclo[3.3.0]Joctane derivatives of
formula (I) and their use as pharmaceuticals. The invention also concerns related
aspects including processes for the preparation of the compounds, pharmaceutical
compositions containing one or more compounds of formula (I), and especially their
use as orexin receptor antagonists.

Orexins (orexin A or OX-A and orexin B or OX-B) are novel neuropeptides found in
1998 by two research groups, orexin A is a 33 amino acid peptide and orexin B is a 28
amino acid peptide (Sakurai T. et al., Cell, 1998, 92, 573-585). Orexins are produced
in discrete neurons of the lateral hypothalamus and bind to G-protein-coupled
receptors (OX; and OX; receptors). The orexin-1 receptor (OX,) is selective for OX-
A, and the orexin-2 receptor (0X3) is capable to bind OX-A as well as OX-B. Orexins
are found to stimulate food consumption in rats suggesting a physiological role for
these peptides as mediators in the central feedback mechanism that regulates feeding
behaviour (Sakurai T. et al., Cell, 1998, 92, 573-585). On the other hand, it was also
observed that orexins regulate states of sleep and wakefulness opening potentially
novel therapeutic approaches to narcolepsy as well as insomnia and other sleep
disorders (Chemelli R.M. et al., Cell, 1999, 98, 437-451).

Orexin receptors are found in the mammalian brain and may have numerous
implications in pathologies as known from the literature.

The present invention provides 2-aza-bicyclo[3.3.0]octane derivatives, which are non-
peptide antagonists of human orexin receptors. These compounds are in particular of
potential use in the treatment of ¢.g. eating disorders, drinking disorders, sleep
disorders, or cognitive dysfunctions in psychiatric and neurologic disorders.

Up to now, several low molecular weight compounds are known having a potential to
antagonise either specifically OX; or OX;, or both receptors at the same time.
Piperidine derivatives useful as orexin receptor antagonists are disclosed in
WO01/96302.

The present invention describes for the first time 2-aza-bicyclo[3.3.0]octane

derivatives as orexin receptor antagonists.
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1) A first aspect of the invention consists of a compound of formula (I) with the

stereogenic centers in (1S,3S,5S)-configuration

H

- H
LN N_R!
S
A0

B
Formula (1)

wherein

A represents aryl or heterocyclyl, wherein the aryl or heterocyclyl is unsubstituted or
independently mono- or disubstituted, wherein the substituents are independently
selected from the group consisting of (Cy4)alkyl, (Css)cycloalkyl, (C,¢)alkinyl,
(Ci4)alkoxy, NR’R’, halogen and unsubstituted or independently mono- or
disubstituted phenyl, wherein the substituents are independently selected from the
group consisting of (C;.4)alkyl, (C;.4)alkoxy, fluorine and chlorine;

B represents an aryl- or heterocyclyl-group, wherein the aryl or heterocyclyl is
unsubstituted or independently mono-, di-, or trisubstituted, wherein the substituents
are independently selected from the group consisting of (Ci.4)alkyl, (C;4)alkoxy,
trifluoromethyl, NR’R?, NHC(O)CH3 and halogen;

R' represents aryl or heterocyclyl, wherein the aryl or heterocyclyl is unsubstituted or
independently mono-, di-, or trisubstituted wherein the substituents are independently
selected from the group consisting of (Cig)alkyl, (C;4)alkoxy, halogen,
trifluoromethyl and NR’R?; or R represents a 2,3-dihydro-benzofuranyl- or a 2,3-
dihydro-benzo[ 1,4]dioxinyl-group which groups are unsubstituted or independently
mono- or disubstituted with (C;.4)alkyl, (C;.4)alkoxy and halogen;

R’ represents hydrogen or (C)_y)alkyl;

R’ represents hydrogen or (C;_)alkyl.

Also part of the invention are compounds of the formula (I) and pharmaceutically
acceptable salts thereof.

The term “halogen” means fluorine, chlorine, or bromine, preferably fluorine or
chlorine.

The term “(C.4)alkyl”, alone or in combination, means a straight-chain or branched-

chain alkyl group with 1 to 4 carbon atoms. Examples of (Ci4)alkyl groups are
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methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, sec.-butyl or tert.-butyl. Preferred
are methyl and ethyl. Most preferred is methyl.

The term “(Cy6)alkinyl”, alone or in combination, means a straight-chain or branched-
chain alkinyl group with 2 to 6 carbon atoms. Examples of (C,¢)alkinyl groups are
ethinyl, 1-propinyl, 1-butinyl, 3-methyl-1-butinyl, 1-pentinyl, 3,3-dimethyl-1-butinyl,
3-methyl-1-pentinyl, 4-methyl-1-pentinyl or 1-hexinyl.

The term “(Cs.s)cycloalkyl”, alone or in combination, means a cycloalkyl group with
3 to 6 carbon atoms. Examples of (C;)cycloalkyl groups are cyclopropyl, cyclobutyl,
cyclopentyl or cyclohexyl. Preferred is cyclopropyl.

The term “(Cj4)alkoxy”, alone or in combination, means a group of the formula
(Ci.4)alkyl-O- in which the term “(C;.4)alkyl” has the previously given significance,
such as methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec.-butoxy or
tert.-butoxy. Preferred are methoxy and ethoxy. Most preferred is methoxy.

The term “‘aryl”, alone or in combination, means a phenyl or a naphthyl group.
Preferred is a phenyl group. The aryl group may be unsubstituted or independently
mono-, di-, or trisubstituted wherein the substituents are independently selected from
the  group  conmsisting of (Ciaalkyl, (Css)cycloalkyl, (Cis)alkinyl,
(C1.4)alkoxy, trifluoromethyl, NR’R?, NHC(O)CHs, halogen and unsubstituted or
independently mono- or disubstituted phenyl, wherein the substituents are
independently selected from the group consisting of (C;_4)alkyl, (C;_4)alkoxy, fluorine
and chlorine.

In case “A” represents “aryl” the term preferably means the above-mentioned group
which is unsubstituted or independently mono- or disubstituted, wherein the
substituents are independently selected from the group consisting of (C;.4)alkyl,
(Cig)cycloalkyl, (Cpg)alkinyl, (Ci4)alkoxy, NR’R®, halogen and unsubstituted or
independently mono- or disubstituted phenyl, wherein the substituents are
independently  selected from  the group conmsisting of  (C;4)alkyl,
(C1.4)alkoxy, fluorine and chlorine. Preferred examples wherein “A” represents “aryl”
are unsubstituted or independently mono- or disubstituted phenyl (preferred
monosubstituted phenyl), wherein the substituents are independently selected from the
group consisting of (Cy.4)alkyl, (Css)cycloalkyl, (Cy.4)alkoxy and NR*R®. An example
is phenyl. In addition to the above-mentioned substituents, the substituent “A” is also

substituted by the substituent “B”.
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In case “B” represents “aryl” the term preferably means the above-mentioned group
which is unsubstituted or independently mono-, di-, or trisubstituted, wherein the
substituents are independently selected from the group consisting of (C;.4)alkyl,
(C14)alkoxy, trifluoromethyl, NR’R?, NHC(O)CH3 and halogen. Preferred examples
wherein “B” represents “aryl” are unsubstituted or independently mono-, di-, or
trisubstituted phenyl (preferred mono- or disubstituted phenyl), wherein the
substituents are independently selected from the group consisting of (C;_4)alkyl, (C;.
yalkoxy, trifluoromethyl, NR’R?, NHC(O)CH3 and halogen (preferred: (Ci.)alkyl,
NHC(O)CHs, trifluoromethyl and halogen). Examples are phenyl, 3-methylphenyl, 4-
methylphenyl, 3,5-dimethylphenyl, 2,4-dimethylphenyl, 3,4-dimethylphenyl, 3-
fluorophenyl, 4-fluorophenyl, 3-chlorophenyl, 4-bromophenyl, 3,4-difluorophenyl,
3,4-dichlorophenyl,  3-bromo-4-fluorophenyl,  3-acetylaminophenyl and  3-
trifluoromethylphenyl. In addition to the above-mentioned substituents, the
substituent “B” is attached to the substituent “A”.

In case “A” and “B” both represents “aryl” the combination “A-B” preferably means a
biphenyl group which is unsubstituted or independently mono- or disubstituted for
“A” and unsubstituted or mono-, di- or trisubstituted for “B”, wherein the substituents
are independently selected from the group consisting of (C;.4)alkyl, (C;.4)alkoxy,
trifluoromethyl, NR’R?, NHC(O)CH3 and halogen. Preferred examples wherein “A”
and “B” both represents “aryl” are biphenyl groups which are unsubstituted or
independently mono- or disubstituted for “A” and unsubstituted or mono-, di- or
trisubstituted (preferred mono- or disubstituted) for “B”, wherein the substituents are
independently selected from the group consisting of (Ci4)alkyl, (C;.4)alkoxy,
trifluoromethyl and halogen.

In case R' represents “aryl” the term preferably means the above-mentioned groups
which are unsubstituted or independently mono-, di-, or trisubstituted wherein the
substituents are independently selected from the group consisting of (C;.4)alkyl,
(C14)alkoxy, halogen, trifluoromethyl and NR’R? (preferred: (Cy4)alkyl, (Ci_s)alkoxy,
halogen and trifluoromethyl).

The term ‘“heterocyclyl”, alone or in combination, means a 5- to 10-membered
monocyclic or bicyclic aromatic ring containing for example 1, 2 or 3 heteroatoms
selected from oxygen, nitrogen and sulfur which may be the same or different.
Examples of such heterocyclyl groups are furanyl, oxazolyl, isoxazolyl, oxadiazolyl,

thienyl, thiazolyl, isothiazolyl, thiadiazolyl, pyrrolyl, imidazolyl, pyrazolyl, triazolyl,
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pyridyl, pyrimidyl, pyridazinyl, pyrazinyl, indolyl, isoindolyl, benzofuranyl,
isobenzofuranyl, benzothiophenyl, indazolyl, benzimidazolyl, benzoxazolyl,
benzoisoxazolyl, benzothiazolyl, benzotriazolyl, benzoxadiazolyl, benzothiadiazolyl,
quinolinyl, isoquinolinyl, naphthyridinyl, cinnolinyl, quinazolinyl, quinoxalinyl,
phthalazinyl, pyrazolo[1,5-a]pyridyl, pyrazolo[1,5-a]pyrimidyl, imidazo[1,2-a]pyridyl
or imidazo[2,1-b]thiazolyl. The above-mentioned heterocyclyl groups may also be
unsubstituted or independently mono-, di-, or trisubstituted wherein the substituents
are independently selected from the group consisting of (C;.4)alkyl, (Cz6)cycloalkyl,
(Cag)alkinyl, (Ci4)alkoxy, halogen, trifluoromethyl, NR’R’, NHC(O)CH3 and
unsubstituted or independently mono- or disubstituted phenyl, wherein the
substituents are independently selected from the group consisting of (C;.4)alkyl,
(Ci.4)alkoxy, fluorine and chlorine.

In case “A” represents “heterocyclyl” the term preferably means the above-mentioned
groups which is unsubstituted or independently mono- or disubstituted (preferred
unsubstituted or monosubstituted) wherein the substituents are independently selected
from the group consisting of (Cj_4)alkyl, (Cs¢)cycloalkyl, (C,)alkinyl, (C;_4)alkoxy,
NR’R’, halogen and unsubstituted or independently mono- or disubstituted phenyl,
wherein the substituents are independently selected from the group consisting of
(Ci.4)alkyl, (Cy.4)alkoxy, fluorine and chlorine.

In a further preferred embodiment, in case “A” represents “heterocyclyl” the term
means the above-mentioned groups which is unsubstituted or monosubstituted,
wherein the substituent is selected from the group consisting of (Cj.4)alkyl,
(Cag)cycloalkyl and NR’R’. Preferred examples wherein  “A”  represents
“heterocyclyl” are unsubstituted or monosubstituted thiazolyl, oxazolyl, pyrimidyl
and pyrazinyl (preferred thiazolyl) wherein the substituent is selected from
(Crq)alkyl, (Ciag)cycloalkyl or NR’R’. In addition to the above-mentioned
substituents, the substituent “A” is also substituted by the substituent “B”.

Further examples wherein “A” represents “heterocyclyl” and one of the substituents is

represented by “B” are:
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In case “B” represents “heterocyclyl” the term preferably means the above-mentioned
groups which is unsubstituted or independently mono-, di-, or trisubstituted (preferred
mono- or disubstituted) wherein the substituents are independently selected from the
group consisting of (Cy4)alkyl, (Ci.4)alkoxy, trifluoromethyl, NR’R* and halogen
(preferred: (Ci4)alkyl, trifluoromethyl and halogen). In addition to the above-
mentioned substituents, the substituent “B” is attached to the substituent “A”.

In case R' represents “heterocyclyl” the term preferably means the above-mentioned
groups which is unsubstituted or independently mono-, di-, or trisubstituted (preferred
unsubstituted or independently mono- or disubstituted) wherein the substituents are
independently selected from the group consisting of (C;.4)alkyl, (C.4)alkoxy, halogen,
trifluoromethyl and NR?R’. In a further preferred embodiment, in case R' represents
“heterocyclyl” the term means the above-mentioned groups which are unsubstituted
or independently mono-, di-, or trisubstituted wherein the substituents are
independently selected from the group consisting of (Cj.4)alkyl, trifluoromethyl and
halogen. In a further preferred embodiment, in case R' represents “heterocyclyl” the
term means the above-mentioned groups which are unsubstituted or independently

mono-, or disubstituted wherein the substituent is methyl.
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Preferred example wherein R' represents “heterocyclyl” is:

4

N
\

o

Further preferred example wherein R' represents “heterocyclyl” is:

pas

The term “NR’R*” means for example NH; and N(CH3),.

The term "pharmaceutically acceptable salts" refers to non-toxic, inorganic or organic
acid and/or base addition salts. Reference can be made to "Salt selection for basic
drugs", Int. J. Pharm. (1986), 33, 201-217.

i1) A further embodiment of the invention comprises compounds of the formula (I)
according to embodiment 1), wherein

A represents heterocyclyl, wherein the heterocyclyl is unsubstituted or mono-sub-
stituted, wherein the substituent is selected from the group consisting of (C,;.4)alkyl,
(Ci¢)cycloalkyl or NR*R?,

ii1) A further embodiment of the invention comprises compounds of the formula (1)
according to any one of embodiments 1) to ii), wherein

B represents aryl, wherein the aryl is unsubstituted or independently mono- or
disubstituted, wherein the substituents are independently selected from the group
consisting of (Cy4)alkyl, (C;_4)alkoxy, trifluoromethyl, NHC(O)CH3 and halogen.

iv) A further embodiment of the invention comprises compounds of the formula (1)
according to any one of embodiments 1) to iii), wherein

R' represents aryl or heterocyclyl, wherein the aryl or heterocyclyl is unsubstituted or
independently mono- or disubstituted wherein the substituents are independently
selected from the group consisting of (Cy.4)alkyl, (Ci4)alkoxy and halogen; or R'
represents a 2,3-dihydro-benzofuranyl- or a 2,3-dihydro-benzo[1,4]dioxinyl-group.

v) A further embodiment of the invention comprises compounds of the formula (I)
according to any one of embodiments 1) to iv), wherein

A represents an oxazolyl, a thiazolyl or a pyrimidyl group, which groups are
unsubstituted or monosubstituted, wherein the substituent is selected from the group

consisting of (Cj4)alkyl, (Cs¢)cycloalkyl or NHo.
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vi) A further embodiment of the invention comprises compounds of the formula (I)
according to any one of embodiments 1) to v), wherein

B represents phenyl, wherein the phenyl is unsubstituted or independently mono- or
disubstituted, wherein the substituents are independently selected from the group
consisting of (Cj4)alkyl, trifluoromethyl and halogen.

vii) A further embodiment of the invention comprises compounds of the formula (I)
according to any one of embodiments 1) to vi), wherein

R' represents an imidazo[2,1-b]thiazolyl or a benzoisoxazolyl group which groups are
unsubstituted or monosubstituted wherein the substituent is selected from the group
consisting of (Cj)alkyl, trifluoromethyl and halogen; or R' represents a 2,3-dihydro-
benzofuranyl-group.

viii) A further embodiment of the invention comprises compounds of the formula (I)
according to any one of embodiments 1) to vii), wherein

A represents a thiazolyl group, which group is unsubstituted or monosubstituted,
wherein the substituent is selected from the group consisting of (Cj.4)alkyl,
(Cs)cycloalkyl or NHa.

ix) A further embodiment of the invention comprises compounds of the formula (1)
according to any one of embodiments 1) to viii), wherein

R” and R? both represent hydrogen.

Examples of preferred compounds are selected from the group consisting of:
6-Methyl-imidazo[2,1-b]thiazole-5-carboxylic acid  [(1S,3S,55)-2-(2-methyl-5-p-
tolyl-thiazole-4-carbonyl)-2-azabicyclo[3.3.0]octane-3-ylmethyl]-amide;
6-Methyl-imidazo[2,1-b]thiazole-5-carboxylic acid [(1S,3S,5S)-2-(2-amino-5-p-tolyl-
thiazole-4-carbonyl)-2-azabicyclo[3.3.0]octane-3-ylmethyl]-amide;
6-Methyl-imidazo[2,1-b]thiazole-5-carboxylic  acid  {(1S,3S,55)-2-[5-(3-chloro-
phenyl)-2-methyl-thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide;
6-Methyl-imidazo[2,1-b]thiazole-5-carboxylic  acid  {(1S,3S,5S5)-2-[5-(4-fluoro-
phenyl)-2-methyl-thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide;
6-Methyl-imidazo[2,1-b]thiazole-5-carboxylic  acid  {(1S,3S,55)-2-[5-(3-fluoro-
phenyl)-2-methyl-thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide;
6-Methyl-imidazo[2,1-b]thiazole-5-carboxylic acid {(1S,3S,5S)-2-[2-cyclopropyl-5-
(4-fluoro-phenyl)-thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide;
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6-Methyl-imidazo[2,1-b]thiazole-5-carboxylic acid {(1S,3S,5S)-2-[2-cyclopropyl-5-
(3-trifluoromethyl-phenyl)-thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-
ylmethyl}-amide;

Benzo[d]isoxazole-3-carboxylic acid [(1S,3S,5S)-2-(2-methyl-5-p-tolyl-thiazole-4-
carbonyl)-2-azabicyclo[3.3.0]octane-3-ylmethyl]-amide;
Benzo[d]isoxazole-3-carboxylic acid {(1S,3S,55)-2-[5-(3-chloro-phenyl)-2-methyl-
thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide;
Benzo[d]isoxazole-3-carboxylic acid {(1S,3S,5S)-2-[5-(3-fluoro-phenyl)-2-methyl-
thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide;
Benzo[d]isoxazole-3-carboxylic acid [(1S,3S,55)-2-(2-cyclopropyl-5-phenyl-thiazole-
4-carbonyl)-2-azabicyclo[3.3.0]octane-3-ylmethyl]-amide;
2,3-Dihydro-benzofuran-4-carboxylic acid  {(18S,3S,55)-2-[5-(3-chloro-phenyl)-2-
methyl-thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide;
2,3-Dihydro-benzofuran-4-carboxylic  acid  {(1S,3S,5S)-2-[5-(3-fluoro-phenyl)-2-
methyl-thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide;
2,3-Dihydro-benzofuran-4-carboxylic  acid  {(1S,3S,5S)-2-[5-(4-fluoro-phenyl)-2-
methyl-thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide;
2,3-Dihydro-benzofuran-4-carboxylic acid [(1S,38,55)-2-(2-methyl-5-m-tolyl-
thiazole-4-carbonyl)-2-azabicyclo[3.3.0]octane-3-ylmethyl]-amide;
2,3-Dihydro-benzofuran-4-carboxylic acid {(18,38,5S)-2-[2-methyl-5-(3-
trifluoromethyl-phenyl)-thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -
amide;

2,3-Dihydro-benzofuran-4-carboxylic acid  {(1S,3S,5S)-2-[5-(4-bromo-phenyl)-2-
methyl-thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide;
2,3-Dihydro-benzofuran-4-carboxylic acid {(1S,3S,55)-2-[5-(3,5-dimethyl-phenyl)-2-
methyl-thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide;
2,3-Dihydro-benzofuran-4-carboxylic  acid  {(1S,3S,5S)-2-[5-(3-bromo-4-fluoro-
phenyl)-2-methyl-thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide;
2,3-Dihydro-benzofuran-4-carboxylic acid {(1S,3S,55)-2-[5-(3,4-difluoro-phenyl)-2-
methyl-thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide;
2,3-Dihydro-benzofuran-4-carboxylic acid {(1S,3S,5S)-2-[5-(2,4-dimethyl-phenyl)-2-
methyl-thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide;
2,3-Dihydro-benzofuran-4-carboxylic acid {(1S,3S,55)-2-[5-(3,4-dichloro-phenyl)-2-
methyl-thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide;
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2,3-Dihydro-benzofuran-4-carboxylic acid {(1S,3S,5S)-2-[5-(3,4-dimethyl-phenyl)-2-
methyl-thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide;
2,3-Dihydro-benzofuran-4-carboxylic acid {(1S,3S,55)-2-[5-(3-acetylamino-phenyl)-
2-methyl-thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide;
2,3-Dihydro-benzofuran-4-carboxylic acid [(1S,3S,5S)-2-(2-methyl-5-phenyl-
thiazole-4-carbonyl)-2-azabicyclo[3.3.0]octane-3-ylmethyl]-amide; and
2,3-Dihydro-benzofuran-4-carboxylic acid [(18S,3S,5S)-2-(2-cyclopropyl-5-phenyl-
thiazole-4-carbonyl)-2-azabicyclo[3.3.0]octane-3-ylmethyl]-amide.

The compounds according to formula (I) may be used for the preparation of a
medicament, and are suitable, for the prevention or treatment of diseases selected
from the group consisting of dysthymic disorders including major depression and
cyclothymia, affective neurosis, all types of manic depressive disorders, delirium,
psychotic disorders, schizophrenia, catatonic schizophrenia, delusional paranoia,
adjustment disorders and all clusters of personality disorders; schizoaffective
disorders; anxiety disorders including generalized anxiety, obsessive compulsive
disorder, posttraumatic stress disorder, panic attacks, all types of phobic anxiety and
avoidance; separation anxiety; all psychoactive substance use, abuse, seeking and
reinstatement; all types of psychological or physical addictions, dissociative disorders
including multiple personality syndromes and psychogenic amnesias; sexual and
reproductive dysfunction; psychosexual dysfunction and addiction; tolerance to
narcotics or withdrawal from narcotics; increcased anaesthetic risk, anaesthetic
responsiveness; hypothalamic-adrenal dysfunctions; disturbed biological and
circadian rhythms; sleep disturbances associated with diseases such as neurological
disorders including neuropathic pain and restless leg syndrome; sleep apnea;
narcolepsy; chronic fatigue syndrome; insomnias related to psychiatric disorders; all
types of idiopathic insomnias and parasomnias; sleep-wake schedule disorders
including jet-lag; all dementias and cognitive dysfunctions in the healthy population
and in psychiatric and neurological disorders; mental dysfunctions of aging; all types
of amnesia; severe mental retardation; dyskinesias and muscular diseases; muscle
spasticity, tremors, movement disorders; spontancous and medication-induced
dyskinesias; neurodegenerative disorders including Huntington’s, Creutzfeld-Jacob’s,
Alzheimer’s diseases and Tourette syndrome; Amyotrophic lateral sclerosis;

Parkinson’s disease; Cushing’s syndrome; traumatic lesions; spinal cord trauma; head
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trauma; perinatal hypoxia; hearing loss; tinnitus; demyelinating diseases; spinal and
cranial nerve diseases; ocular damage; retinopathy; epilepsy; seizure disorders;
absence seizures, complex partial and generalized seizures; Lennox-Gastaut
syndrome; migraine and headache; pain disorders; anaesthesia and analgesia;
enhanced or exaggerated sensitivity to pain such as hyperalgesia, causalgia, and
allodynia; acute pain; burn pain; atypical facial pain; neuropathic pain; back pain;
complex regional pain syndrome I and II; arthritic pain; sports injury pain; dental
pain; pain related to infection e.g. by HIV; post-chemotherapy pain; post-stroke pain;
post-operative pain; neuralgia; osteoarthritis; conditions associated with visceral pain
such as irritable bowel syndrome; eating disorders; diabetes; toxic and dysmetabolic
disorders including cerebral anoxia, diabetic neuropathies and alcoholism; appetite,
taste, eating, or drinking disorders; somatoform disorders including hypochondriasis;
vomiting/nausea; emesis; gastric dyskinesia; gastric ulcers; Kallman’s syndrome
(anosmia); impaired glucose tolerance; intestinal motility dyskinesias; hypothalamic
diseases; hypophysis diseases; hyperthermia syndromes, pyrexia, febrile seizures,
idiopathic growth deficiency; dwarfism; gigantism; acromegaly; basophil adenoma;
prolactinoma; hyperprolactinemia; brain tumors, adenomas; benign prostatic
hypertrophy, prostate cancer; endometrial, breast, colon cancer; all types of testicular
dysfunctions, fertility control; reproductive hormone abnormalities; hot flashes;
hypothalamic hypogonadism, functional or psychogenic amenorrhea; urinary bladder
incontinence; asthma; allergies; all types of dermatitis, acne and cysts, sebaceous
gland dysfunctions; cardiovascular disorders; heart and lung diseases, acute and
congestive heart failure; hypotension; hypertension; dyslipidemias, hyperlipidemias,
insulin resistance; urinary retention; osteoporosis; angina pectoris; myocardial
infarction; arrhythmias, coronary diseases, left ventricular hypertrophy; ischemic or
haemorrhagic stroke; all types of cerebrovascular disorders including subarachnoid
haemorrhage, ischemic and hemorrhagic stroke and vascular dementia; chronic renal
failure and other renal diseases; gout; kidney cancer; urinary incontinence; and other
diseases related to general orexin system dysfunctions.

The compounds according to formula (I) may be used for the preparation of a
medicament, and are suitable, for the prevention or treatment of diseases selected
from the group consisting of all types of sleep disorders, of stress-related syndromes,

of psychoactive substance use, abuse, seeking and reinstatement, of cognitive
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dysfunctions in the healthy population and in psychiatric and neurologic disorders, of
ecating or drinking disorders.

Eating disorders may be defined as comprising metabolic dysfunction; dysregulated
appetite control; compulsive obesities; emeto-bulimia or anorexia nervosa.
Pathologically modified food intake may result from disturbed appetite (attraction or
aversion for food); altered energy balance (intake vs. expenditure); disturbed
perception of food quality (high fat or carbohydrates, high palatability); disturbed
food availability (unrestricted diet or deprivation) or disrupted water balance.

Drinking disorders include polydipsias in psychiatric disorders and all other types of
excessive fluid intake.

Sleep disorders include all types of parasomnias, insomnias, narcolepsy and other
disorders of excessive sleepiness, sleep-related dystonias; restless leg syndrome; sleep
apneas; jet-lag syndrome; shift-work syndrome, delayed or advanced sleep phase
syndrome or insomnias related to psychiatric disorders. Insomnias are defined as
comprising sleep disorders associated with aging; intermittent treatment of chronic
insomnia; situational transient insomnia (new environment, noise) or short-term
insomnia due to stress; grief, pain or illness. Insomnia also include stress-related
syndromes including post-traumatic stress disorders as well as other types and
subtypes of anxiety disorders such as generalized anxiety, obsessive compulsive
disorder, panic attacks and all types of phobic anxiety and avoidance. Psychoactive
substance use, abuse, secking and reinstatement are defined as all types of
psychological or physical addictions and their related tolerance and dependence
components. Cognitive dysfunctions include deficits in all types of attention, learning
and memory functions occurring transiently or chronically in the normal, healthy,
young, adult or aging population, and also occurring transiently or chronically in
psychiatric, neurologic, cardiovascular and immune disorders.

In a further preferred embodiment of the invention compounds according to formula
(I) may be used for the preparation of a medicament, and are suitable, for the
prevention or treatment of diseases selected from the group consisting of sleep
disorders that comprises all types of insomnias, narcolepsy and other disorders of
excessive sleepiness, sleep-related dystonias, restless leg syndrome, sleep apneas, jet-
lag syndrome, shift-work syndrome, delayed or advanced sleep phase syndrome or
insomnias related to psychiatric disorders.

In another preferred embodiment of the invention compounds of formula (I) may be
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used for the preparation of a medicament, and are suitable, for the prevention or
treatment of diseases selected from the group consisting of cognitive dysfunctions that
comprise deficits in all types of attention, learning and memory functions occurring
transiently or chronically in the normal, healthy, young, adult or aging population, and
also occurring transiently or chronically in psychiatric, neurologic, cardiovascular and
immune disorders.

In another preferred embodiment of the invention compounds of formula (I) may be
used for the preparation of a medicament, and are suitable, for the prevention or
treatment of diseases selected from the group consisting of eating disorders that
comprise metabolic dysfunction; dysregulated appetite control; compulsive obesities;
emeto-bulimia or anorexia nervosa.

In another preferred embodiment of the invention compounds of formula (I) may be
used for the preparation of a medicament, and are suitable, for the prevention or
treatment of diseases selected from the group consisting of psychoactive substance
use, abuse, seeking and reinstatement that comprise all types of psychological or
physical addictions and their related tolerance and dependence components.

The production of the pharmaceutical compositions can be effected in a manner which
will be familiar to any person skilled in the art (see for example Remington, The
Science and Practice of Pharmacy, 21st Edition (2005), Part 5, “Pharmaceutical
Manufacturing” [published by Lippincott Williams & Wilkins]) by bringing the
described compounds of Formula (I) or their pharmaceutically acceptable salts,
optionally in combination with other therapeutically valuable substances, into a
galenical administration form together with suitable, non-toxic, inert, therapeutically
compatible solid or liquid carrier materials and, if desired, usual pharmaceutical
adjuvants.

The compounds of formula (I) and their pharmaceutically acceptable salts can be used
as medicaments, e¢.g. in the form of pharmaceutical compositions for enteral or

parental administration.

A further aspect of the invention is a process for the preparation of compounds of
formula (I). Compounds according to formula (I) of the present invention can be
prepared according to the general sequence of reactions outlined in the schemes below

wherein A, B and R' are as defined in the description of formula (I). The compounds
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obtained may also be converted into pharmaceutically acceptable salts thereof in a
manner known per se.

In general, all chemical transformations can be performed according to well-known
standard methodologies as described in the literature or as described in the procedures
below.

Preparation of compounds of formula (I):

H H H Dess-Martin
2 2 DIBAL r jodi
%OBn Boc,0 %OBn Q;X/OH Periodinane
H DIPEA H toluene H DCM
H O DCM BocO THE Boc
1 2 3
(commercially available)
H H H R'COOH
{ 7\_) PhCH,NH 2 H H,, Pd/C F
SN -0 z 2 Q:‘EB\/N\/Ph 2 Qs;kNHZ —’TBTU
H Boc NaBH(OAc);  H g EtOH H R DIPEA
CHCl3 DMF
4 5 6

H H

3 2 H

— H 1) H* Q_)V 1
H

=
NI 2)B-ACOOH Ko ©
, TBTU B

Scheme I: Synthesis of compounds of formula (I), wherein A, B and R' are as defined

above

The first step in the synthesis of 2-aza-bicyclo[3.3.0]octane derivatives of formula (I)
was the protection of the nitrogen atom of (18S,3S,55)-2-azabicyclo[3.3.0]octane-3-
carboxylate with Boc,O to give compound (2) which was reduced to alcohol (3) by
treatment with DIBAL at low temperatures. The alcohol (3) was oxidized to the
corresponding aldehyde (4) with a oxidizing agent like e.g. Dess-Martin periodinane.
After reductive amination of (4) with benzylamine in the presence of a reducing agent
like sodium triacetoxyborohydride the benzyl group of intermediate (5) was removed
by hydrogenolysis to yield the primary amine (6). The acylation of (6) with a
carboxylic acid R'"COOH in the presence of a coupling reagent like TBTU resulted in
the formation of amides (7) which after removal of the Boc-group were transferred to

compounds of formula (I) by amide coupling (e.g. B-A-COOH, TBTU).
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Thiazole-4-carboxylic acid derivatives of formula B-A-COOH were for instance

synthesised according to scheme 2.

g-CHO cl o
CH)L -
o KOt-Bu B)\TO‘/LO
THF
9 10
) [R = (Cy.4)alkyl, NR?R®,

R™“NH, (Ca.g)cycloalkyl]

N.-COOCH3 OH" COOH
R~ I R | I
STB
1 12
CuBrp, MeCN
isoamylnitrite
(R=NHy)
COOCH3 [>—SnBus N--COOCHj3 OH" N--COOH
> X o~ 1
14 16
) NaOMe
OH" THF DMF Pac, fi2
) NaOH
COzH \ COOH COOCH3 OnH- N_COOH
>~ o<1 <X <X
B STB S™B
15 17 18 19

Scheme 2: Synthesis of thiazole-4-carboxylic acid derivatives, wherein B is as defined
5 above, and R is (Ci4)alkyl, (Css)cycloalkyl or NR’R?, wherein R* and R? represent
independently from each other hydrogen or (C;_4)alkyl

By reaction of methyl dichloroacetate (9; commercially available) with an aldehyde in
the presence of a base like potassium tert.-butoxide the o-oxo-ester derivatives (10)
10 were obtained which were transformed in a reaction with thioamides [R = (C;.4)alkyl
or (Csg)cycloalkyl] to 2-alkyl- or 2-cycloalkylsubstituted thiazole derivatives (11) or
in a reaction with thioureas (R = NR*R?) to 2-amino-substituted thiazole derivatives
(11). Saponification of the ester function with an aqueous solution of ¢.g. sodium
hydroxide in a solvent like methanol resulted in the formation of the desired

15 carboxylic acids (12, R = (Ci4)alkyl, (Cag)cycloalkyl or NR?R?). 2-Bromo-thiazole
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derivatives (13) were for instance obtained by reaction of the respective 2-amino-
thiazole derivative (11, R = NHy) with isoamylnitrite in the presence of copper(Il)
bromide. The ester derivatives (13) were transferred in a palladium catalyzed reaction
with cyclopropyl-tin derivatives (commercially available) to compounds (14) which
after saponification gave the respective carboxylic acids (15). The 2-bromo-thiazole
derivative (13) might additionally be saponified to the respective carboxylic acids (16)
as described above or transferred to 2-methoxy substituted analogues (17) by reaction
with sodium methoxide and subsequent saponification with sodium hydroxide. In
addition compounds (19) which are unsubsituted in 2-position might be synthesized
by hydrogenation of (13) with hydrogen in the presence of palladium on charcoal and
subsequent saponification of the intermediate ester (18). (Csg)cycloalkyl-substituted
thioamides used in the synthesis of (11) are commercially available, or were obtained
by reaction of the respective carboxamide with Lawesson’s reagent (see also
experimental part A.1.6). Aldehydes B-CHO may be commercially available or
synthesized by any procedure known from the literature like for instance reduction of
the respective carboxylic acid or their different derivatives with a reducing agent, by
reduction of the respective nitrile or by oxidation of benzylic alcohols and their
heterocyclic analogues with oxidating agents (e.g.: J. March, Advanced Organic

Chemistry, 4™ edition, John Wiley & Sons, p. 447-449, 919-920 and 1167-1171).

Imidazo[2,1-b]thiazole-carboxylic acid derivatives of formula R'-COOH, if not
commercially available, might be synthesised according to one of the different

pathways shown in scheme 3.

Pathway A:
S OEt N N
X N Br Y \ : .

R §  HNTNH N, et Ls o [~
A - Oy S ﬁ\fo\ ?%\H/OH
¢l EtOH N HCI X z
20 21 22 23

Pathway B:

[N, N N
o 0 g RO | >~s OH" | >~s

OR 5 \)\ 5 \)\

Br acetone
24 25 26
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Pathway C:
Ra
1) Hy, Pd/C H XJ\n/ RO-C
M HCI, EtOH N X N i ‘>\s
i OR RO N B + RO
Ny 2 KSCN N EtOH ?/KRa ?)\Ra
o
27 28 29
J OH ‘ OH
HO,C
LS+ HO\PI /S
o) ?A R?
3 32
Pathway D:
Ho g O H RO2C__N
N OEt N HC| N
| =8 = | »—S OFt NS
RON NaoEt ROy N \J
o H EtOH o OFt O
28 33 34
pocl, RO N oH HOLC N
s s
NS NS
35 36
5  Pathway E:
\)O\ .
~ - Br ~~ EtO,C _
RIS T
) 2 A\ - / j: \
Rb” S toluene Rb” S N b LN
37 38 39
DBU )[ S~ OH" J[ g
—— Et0,¢7 NI, —— Ho,c” NI,
DMF w4 R J R
40 M
Pathway F
0
N Br\)J\CFs FsCON POCl; NN NaClO, Y.
[ NH2 \[ ~s I s I ‘>\S
S acetone N_T DMF oHc” N_J NaHzPOs HO- N ]
o
37 42 43 44
R?=R°=H Y = CF3, CI

Scheme 3: Synthesis of imidazo[2,1-b]thiazole-carboxylic acid derivatives wherein R
10 is methyl or ethyl, R* is hydrogen or methyl, R® is hydrogen or methyl, X is chlorine

or bromine, and Y is chlorine or trifluoromethyl
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Following pathway A imidazo[2,1-b]thiazole-carboxylic acid derivatives were
synthesized starting from 2-chloro-3-oxo-butyric acid methyl ester (20; commercially
available) by reaction with thiourea (commercially available) in a solvent like ethanol
at elevated temperatures. The obtained amino-thiazole (21) was converted to the
imidazo[2,1-b]thiazole derivative (22) by alkylation and subsequent cyclization with
bromoacetaldehyde diethyl acetal in the presence of an acid like concentrated
hydrochloric acid. By saponification of (22) with for instance sodium hydroxide in
solvents like THF and MeOH the desired acids (23) were obtained.

An alternative approach (pathway B) started with the reaction of 2-bromo-3-oxo-
butyric acid ester (24; commercially available) with 2-amino-5-methyl-thiazole
(commercially available) in a solvent like acetone to give the imidazo[2,1-b]thiazole
derivative (25) which was transformed to the desired acid (26) by saponification with
for instance sodium hydroxide in solvents like THF and MeOH.

By hydrogenation of 2-hydroxyimino-3-oxo-butyric acid ester (27; commercially
available) in the presence of palladium on charcoal under acidic conditions (e.g. HCI
in EtOH) and subsequent reaction with potassium thiocyanate the imidazole
derivative (28) was obtained which was transferred to a mixture of the two possible
isomers (29) and (30) by reaction with the respective o-halogenated propanone
(commercially available) or butanone derivative (pathway C; commercially available).
After separation of the isomers (29) and (30) by chromatography the desired
imidazo[2,1-b]thiazole-carboxylic acid derivatives (31) and (32) were obtained by
saponification with for instance sodium hydroxide in solvents like THF and MeOH.
Alternatively (pathway D) the imidazole derivative (28) may be transferred to the
acetal (33) by alkylation with bromoacetaldehyde diethyl acetal (commercially
available) in the presence of a base like sodium ethoxide. Cyclization under acidic
conditions (e.g. aqueous hydrochloric acid) and dehydration of the intermediate (34)
with for instance phosphorus oxychloride led to ester (35) which was transformed to
the desired acid (36) by saponification with for instance sodium hydroxide in solvents
like THF and MeOH.

In still an alternative procedure (pathway E) the respective amino-thiazole (37,
commercially available) was converted to the formamidine derivative (38) by heating
(37) with N,N-dimethylformamide dimethylacetale (commercially available) in a

solvent like toluene. After alkylation with ethyl bromoacetate (commercially
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available) the respective thiazolium bromide (39) was cyclised with DBU to yield the
ester (40) which was saponified to the desired acid (41) with for instance sodium
hydroxide in solvents like THF and MeOH.

Finally pathway F started with the alkylation of 2-amino-thiazole (;commercially
available) with 3-bromo-1,1,1-trifluoroacetone (commercially available) to yield the
trifluoromethyl-substituted imidazo[2,1-b]thiazole derivative (42) which was
formylated to the aldehyde (43) by reaction with phosphorus oxychloride in a solvent
like DMF. By oxidation of aldehyde (43) with sodium chlorite the desired
imidazo[2,1-b]thiazole-carboxylic acid (44, Y = CF3) was obtained. In analogy the
commercially available chlorinated aldehyde (43, Y = CI) was oxidized to the acid
(44,Y = Cl).

Experimental Section

Abbrevations (as used herein and in the description above):

Ac Acetyl as in OAc: acetate
Boc tert-Butoxycarbonyl

BSA Bovine serum albumine

Bu n-Butyl

CHO Chinese hamster ovary

conc. Concentrated

d Day(s)

DBU 1,8-Diazabicyclo[5.4.0]lundec-7-ene
DCM Dichloromethane

DIBAL Diisobutylaluminium hydride
DIPEA Diisopropylethylamine
DMAP 4-Dimethylaminopyridine
DMF N,N-Dimethylformamide

eq Equivalent(s)

ES Electron spray

Et Ethyl

EtOH Ethanol

EtOAc Ethyl acetate

Ether Diethylether
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FCS
FLIPR
h
HBSS
HEPES
HPLC
KO#-Bu
LC

M

Me
MeCN
MeOH
min
MS

Ph
prep.
RT

sat

tr
TBTU
TFA
THF

I-Chemistry

Foatal calf serum

Fluorescent imaging plate reader

Hour(s)

Hank’s balanced salt solution

4-(2-hydroxyethyl)-piperazine-1-ethanesulfonic acid

High performance liquid chromatography
Potassium tertiary (tert.) butoxide

Liquid chromatography

Molar(ity)

Methyl
Acetonitrile
Methanol
Minute(s)

Mass spectroscopy
Phenyl

Preparative

Room temperature
Saturated

Retention time

20

PCT/IB2008/052989

O-Benzotriazol-1-yl-N,N,N’,N -tetramethyluronium tetrafluoroborate

Trifluoroacetic acid

Tetrahydrofuran

The following examples illustrate the preparation of pharmacologically active

compounds of the invention but do not at all limit the scope thereof.

All temperatures are stated in °C.

Compounds are characterized by:

'H-NMR: 300 MHz Varian Oxford or 400 MHz Bruker Avance; chemical shifts are

given in ppm relative to the solvent used; multiplicities: s = singlet, d = doublet, t =

triplet, m = multiplet, b = broad, coupling constants are given in Hz;
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LC-MS: Agilent 1100 series with DAD and MS detection (MS: Finnigan single
quadrupole); columns (4.6x50 mm, 5 um): Zorbax SB-AQ, Zorbax Extend C18 or
Waters XBridge C18; conditions:

basic: eluent A: MeCN, eluent B: conc. NH3 in water (1.0 mL/L), 5% to 95% CH3CN;
acidic: eluent A: MeCN, eluent B: TFA in water (0.4 mL/L), 5% to 95% CH3CN), tr
is given in min;

Compounds are purified by column chromatography on silica gel or by preparative
HPLC using RP-C;5 based columns with MeCN/water gradients and formic acid or

ammonia additives.

A. Preparation of precursors and intermediates:

A.1  Synthesis of thiazole-4-carboxylic acid derivatives

A.1.1 Synthesis of 3-chloro-2-oxo-propionic ester derivatives

(general procedure)

Cl
\Hko/ B)\’(u\o/
Cl KOt-Bu 0O
THF

A solution of the respective aldehyde (338 mmol, 1.0 eq) and methyl dichloroacetate
(338 mmol, 1.0 eq) in THF (100 mL) is added dropwise to a cold (-60°C) suspension
of KOtBu (335 mmol, 1.0 eq) in THF (420 mL). After 4 h the mixture is allowed to
reach RT, stirred over night and concentrated in vacuo. DCM and ice-cold water are
added, the layers are separated and the aqueous layer is extracted twice with DCM.
The combined organic layers are washed with ice-cold water and brine, dried over
MgSO4 and concentrated in vacuo to give the desired o-oxo-ester which is used
without further purification.

3-chloro-2-0x0-3-p-tolyl-propionic acid methyl ester

prepared by reaction of 4-methyl-benzaldehyde with methyl dichloroacetate.
3-chloro-3-(3-fluoro-phenyl)-2-oxo-propionic acid methyl ester

prepared by reaction of 3-fluoro-benzaldehyde with methyl dichloroacetate.
3-chloro-3-(4-fluoro-phenyl)-2-oxo-propionic acid methyl ester

prepared by reaction of 4-fluoro-benzaldehyde with methyl dichloroacetate.
3-chloro-3-(3-chloro-phenyl)-2-oxo-propionic acid methyl ester
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prepared by reaction of 3-chloro-benzaldehyde with methyl dichloro-acetate.
3-Chloro-2-0x0-3-m-tolyl-propionic acid methyl ester

prepared by reaction of 3-methyl-benzaldehyde with methyl dichloro-acetate.
3-chloro-2-0x0-3-(3-trifluoromethyl-phenyl)-propionic acid methyl ester
prepared by reaction of 3-trifluoromethyl-benzaldehyde with methyl dichloro-acetate.
3-(4-Bromo-phenyl)-3-chloro-2-oxo-propionic acid methyl ester

prepared by reaction of 4-bromo-benzaldehyde with methyl dichloro-acetate.
3-Chloro-3-(3,5-dimethyl-phenyl)-2-oxo-propionic acid methyl ester
prepared by reaction of 3,5-dimethyl-benzaldehyde with methyl dichloro-acetate.
3-(3-Bromo-4-fluoro-phenyl)-3-chloro-2-oxo-propionic acid methyl ester
prepared by reaction of 3-bromo-4-fluoro-benzaldehyde with methyl dichloro-acetate.
3-Chloro-3-(3,4-difluoro-phenyl)-2-oxo-propionic acid methyl ester

prepared by reaction of 3,4-difluoro-benzaldehyde with methyl dichloro-acetate.
3-Chloro-3-(2,4-dimethyl-phenyl)-2-oxo-propionic acid methyl ester
prepared by reaction of 2,4-dimethyl-benzaldehyde with methyl dichloro-acetate.
3-Chloro-3-(3,4-dichloro-phenyl)-2-oxo-propionic acid methyl ester
prepared by reaction of 3,4-dichloro-benzaldehyde with methyl dichloro-acetate.
3-Chloro-3-(3,4-dimethyl-phenyl)-2-oxo-propionic acid methyl ester
prepared by reaction of 3,4-dimethyl-benzaldehyde with methyl dichloro-acetate.
3-Chloro-2-oxo0-3-phenyl-propionic acid methyl ester

prepared by reaction of benzaldehyde with methyl dichloro-acetate.
3-Chloro-3-(3-nitro-phenyl)-2-oxo-propionic acid methyl ester

prepared by reaction of 3-nitro-benzaldehyde with methyl dichloro-acetate.

A.1.2 Synthesis of thiazole-4-carboxylic acid methyl ester derivatives

(general procedure)
S

cl o /U\NH2

COOMe
B o~

—X

A solution of thioacetamide (132 mmol, 1.0 eq) in MeCN (250 mL) is added to a

B

mixture of the respective o-oxo-ester (132 mmol, 1.0 eq) and molecular sieves (44,
12 g) in MeCN (60 mL). After stirring for 5 h the mixture is cooled in an ice-bath and
the obtained precipitate is filtered off. The residue is washed with cold MeCN, dried,
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dissolved in MeOH (280 mL) and stirred at 50°C for 6 h. The solvents are removed in
vacuo to give the desired thiazole derivatives as a white solid.
2-methyl-5-p-tolyl-thiazole-4-carboxylic acid methyl ester

prepared by reaction of 3-chloro-2-oxo-3-p-tolyl-propionic acid methyl ester with
thioacetamide. LC-MS: tg = 0.92 min; [M+H]" = 248.2.
5-(3-fluoro-phenyl)-2-methyl-thiazole-4-carboxylic acid methyl ester

prepared by reaction of 3-chloro-3-(3-fluoro-phenyl)-2-oxo-propionic acid methyl
ester with thioacetamide. LC-MS: tg = 0.91 min; [M+H]" =252.1.
5-(4-fluoro-phenyl)-2-methyl-thiazole-4-carboxylic acid methyl ester

prepared by reaction of 3-chloro-3-(4-fluoro-phenyl)-2-oxo-propionic acid methyl
ester with thioacetamide. "H-NMR (CDCls): & = 2.75 (s, 3H); 3.84 (s, 3H); 7.10 (m,
2H); 7.47 (m, 2H).

5-(3-chloro-phenyl)-2-methyl-thiazole-4-carboxylic acid methyl ester

prepared by reaction of 3-chloro-3-(3-chloro-phenyl)-2-oxo-propionic acid methyl
ester with thioacetamide. LC-MS: tr = 0.95 min; [M+H]" = 268.0.
2-Methyl-5-m-tolyl-thiazole-4-carboxylic acid methyl ester

prepared by reaction of 3-Chloro-2-0x0-3-m-tolyl-propionic acid methyl ester with
thioacetamide. LC-MS: tg = 0.98 min; [M+H]' = 248.5.
2-Methyl-5-(3-trifluoromethyl-phenyl)-thiazole-4-carboxylic acid methyl ester
prepared by reaction of 3-chloro-2-oxo-3-(3-trifluoromethyl-phenyl)-propionic acid
methyl ester with thioacetamide. LC-MS: tg = 0.98 min; [M+H]" = 302.2.
5-(4-Bromo-phenyl)-2-methyl-thiazole-4-carboxylic acid methyl ester

prepared by reaction of 3-(4-Bromo-phenyl)-3-chloro-2-oxo-propionic acid methyl
ester with thioacetamide. LC-MS: tg = 0.95 min; [M+H] = 312.2.
5-(3,5-Dimethyl-phenyl)-2-methyl-thiazole-4-carboxylic acid methyl ester
prepared by reaction of 3-Chloro-3-(3,5-dimethyl-phenyl)-2-oxo-propionic acid
methyl ester with thioacetamide. LC-MS: tg = 0.97 min; [M+H]" = 262.3.
5-(3-Bromo-4-fluoro-phenyl)-2-methyl-thiazole-4-carboxylic acid methyl ester
prepared by reaction of 3-(3-Bromo-4-fluoro-phenyl)-3-chloro-2-oxo-propionic acid
methyl ester with thioacetamide. LC-MS: tg = 0.95 min; [M+H]" = 330.2.
5-(3,4-Difluoro-phenyl)-2-methyl-thiazole-4-carboxylic acid methyl ester

prepared by reaction of 3-Chloro-3-(3,4-difluoro-phenyl)-2-oxo-propionic acid methyl
ester with thioacetamide. LC-MS: tr = 0.92 min; [M+H]" =270.3.
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5-(2,4-Dimethyl-phenyl)-2-methyl-thiazole-4-carboxylic acid methyl ester
prepared by reaction of 3-Chloro-3-(2,4-dimethyl-phenyl)-2-oxo-propionic acid
methyl ester with thioacetamide. LC-MS: tg = 0.96 min; [M+H]" = 262.3.
5-(3,4-Dichloro-phenyl)-2-methyl-thiazole-4-carboxylic acid methyl ester
prepared by reaction of 3-Chloro-3-(3,4-dichloro-phenyl)-2-oxo-propionic acid
methyl ester with thioacetamide. LC-MS: tg = 0.99 min; [M+H]" = 302.2.
5-(3,4-Dimethyl-phenyl)-2-methyl-thiazole-4-carboxylic acid methyl ester
prepared by reaction of 3-Chloro-3-(3,4-dimethyl-phenyl)-2-oxo-propionic acid
methyl ester with thioacetamide. LC-MS: tg = 0.96 min; [M+H]" = 262.3.
2-Methyl-5-phenyl-thiazole-4-carboxylic acid methyl ester

prepared by reaction of 3-Chloro-2-oxo0-3-phenyl-propionic acid methyl ester with
thioacetamide. LC-MS: tg = 0.89 min; [M+H]" = 234.0.
2-Methyl-5-(3-nitro-phenyl)-thiazole-4-carboxylic acid methyl ester

prepared by reaction of 3-Chloro-3-(3-nitro-phenyl)-2-oxo-propionic acid methyl
ester with thioacetamide. LC-MS: tr = 0.94 min; [M+H]' =279.3.

A.1.3 Synthesis of 2-amino-thiazole-4-carboxylic acid methyl ester derivatives

(general procedure)

S
Cl O )k COOMe

HoN™ > NH, N:[
_</
B)\”/“\O/ HoN S |

A solution of the respective a-oxo-ester (22.1 mmol, 1.0 eq) in acetone (25 mL) is

B

added to a suspension of thiourea (22.1 mmol, 1.0 eq) in acetone (45 mL). The
mixture is heated to 57°C (bath temperature), stirred for 24h and concentrated to half
of the volume. The obtained suspension is filtered and the residue is washed with
acetone. After drying the desired amino-thiazole derivative is obtained as a solid.
2-amino-5-p-tolyl-thiazole-4-carboxylic acid methyl ester

prepared by reaction of 3-chloro-2-oxo-3-p-tolyl-propionic acid methyl ester with
thiourea. LC-MS: tg = 0.77 min; [M+H]" = 249.3.
2-amino-5-(4-fluoro-phenyl)-thiazole-4-carboxylic acid methyl ester

prepared by reaction of 3-chloro-3-(4-fluoro-phenyl)-2-oxo-propionic acid methyl
ester with thiourea. LC-MS: tg = 0.75 min; [M+H]" = 253.2.

2-amino-5-(3-trifluoromethyl-phenyl)-thiazole-4-carboxylic acid methyl ester
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prepared by reaction of 3-chloro-3-(3-trifluoromethyl-phenyl)-2-oxo-propionic acid
methyl ester with thiourea. LC-MS: tg = 0.86 min; [M+H]" = 303.3.

A.1.4 Synthesis of 2-bromo-thiazole-4-carboxylic acid methyl ester derivatives

(general procedure)
COOMe COOMe

N N
H2N—</Sj[ — Br—{sj[

In an inert atmosphere, copper(Il)bromide (69.6 mmol, 1.0 eq) was suspended in

acetonitril (300 ml) and cooled to 5-10°C followed by the addition of 3-

B B

methylbutylnitrite (104 mmol, 1.45 eq) over 15 min. To this reaction mixture the
respective 2-aminothiazole derivative (70.0 mmol, 1 eq, free amine) was added in
portions over 20 min. at 5-10°C. The reaction mixture was then carefully heated to
65°C and stirring continued for 2 h. The volatiles were removed under reduced
pressure and the residue was purified by column chromatography (silicagel; heptan /
EtOAc or DCM / methanol, as the appropriate mixture) to give the respective product.
2-bromo-5-(4-fluoro-phenyl)-thiazole-4-carboxylic acid methyl ester

prepared by reaction of 2-amino-5-(4-fluoro-phenyl)-thiazole-4-carboxylic acid
methyl ester. LC-MS: tg = 0.97 min; [M+H] =316.1.
2-bromo-5-(3-trifluoromethyl-phenyl)-thiazole-4-carboxylic acid methyl ester
prepared by reaction of 2-amino-5-(3-trifluoromethyl-phenyl)-thiazole-4-carboxylic
acid methyl ester. LC-MS: tg = 1.04 min; [M+H] = 366.2.

A.1.S Synthesis of 2-cyclopropyl-thiazole-4-carboxylic acid methyl ester

derivatives (general procedure I)

N__COOMe > snpy, \__COOMe
s 1 >
S S

B B

In an inert atmosphere, a solution of the respective 2-bromo-thiazole derivative (9.0
mmol, 1.0 eq) and of tributyl-cyclopropyl-stannane (9.9 mmol, 1.1 eq) in 1,2-
dichloro-ethane (90 mL) is stirred for 5 min and treated with bis(triphenylphosphine)-
palladium(IT)chloride (0.45 mmol, 0.05¢q). The mixture is heated to 80°C, stirred for
3d and allowed to reach RT. DCM and water are added, the layers are separated and
the aqueous layer is extracted once with DCM. The combined organic layers are dried

over MgSO4 and concentrated in vacuo. The residue is purified by column
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chromatography (silicagel; heptan / EtOAc, as the appropriate mixture) to give the
desired product.

2-cyclopropyl-5-(4-fluoro-phenyl)-thiazole-4-carboxylic acid methyl ester
prepared by cyclopropanation of 2-bromo-5-(4-fluoro-phenyl)-thiazole-4-carboxylic
acid methyl ester. LC-MS: tg = 0.97 min; [M+H] = 278.3.
2-cyclopropyl-5-(3-trifluoromethyl-phenyl)-thiazole-4-carboxylic acid methyl
ester

prepared by cyclopropanation of 2-bromo-5-(3-trifluoromethyl-phenyl)-thiazole-4-
carboxylic acid methyl ester. LC-MS: tg = 1.03 min; [M+H]" = 328.2.

A.1.6 Synthesis of 2-cyclopropyl-thiazole-4-carboxylic acid methyl ester

derivatives (general procedure II)
S

cl o V)A\NHZ N__COOMe
vy /

Ao > 1

o)

Synthesis of Cyclopropanecarbothioic acid amide

2,4-Bis-(4-methoxy-phenyl)-[1,3,2,4]dithiadiphosphetane-2,4-disulfide ~ (Lawesson

B

reagent, 115 mmol) is added to a mixture of cyclopropanecarboxamide (115 mmol)
and sodium carbonate (115 mmol) in THF (500 mL). The mixture is heated to reflux
for 2h, the solvents are removed in vacuo and the residue is diluted with ether (500
mL) and water (500 mL). The layers are separated and the aqueous layer is extracted
with ether (250 mL). The combined organic layers are washed with brine (100 mL),
dried over MgSO4 and concentrated in vacuo to give the desired thioamide which is

used without further purification. LC-MS: tg = 0.39 min; [M+H+CH3CN]" = 143.2.

Synthesis of 2-cyclopropyl-thiazole-4-carboxylic acid methyl ester
derivatives (general procedure II)
A solution of cyclopropanecarbothioic acid amide (44.5 mmol, 1.0 eq) in MeCN (40
mL) is added to a mixture of the respective ai-oxo-ester (44.5 mmol, 1.0 eq) and
NaHCO3 (134 mmol, 3.0 eq.) in MeCN (80 mL). After stirring for 16 h the mixture is
concentrated in vacuo and the residue is diluted with EtOAc (200 mL) and water (200
mL). The layers are separated and the aqueous layer is extracted with EtOAc (100

mL). The combined organic layers are washed with brine (100 mL), dried over
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MgSO4 and concentrated in vacuo. The crude product is dissolved in MeOH (90 mL)
and treated with conc. HoSO4 (0.25 mL). The mixture is heated at 60°C for 16h and
concentrated in vacuo to give the respective thiazole derivative.
2-Cyclopropyl-5-phenyl-thiazole-4-carboxylic acid methyl ester

prepared by reaction of 3-Chloro-2-oxo0-3-phenyl-propionic acid methyl ester with
cyclopropanecarbothioic acid amide. LC-MS: tg = 0.99 min; [M+H]" = 260.5.

A.1.7 Synthesis of 5-(3-Acetylamino-phenyl)-2-methyl-thiazole-4-carboxylic
acid methyl ester
A.1.7.1 Synthesis of 5-(3-Amino-phenyl)-2-methyl-thiazole-4-carboxylic acid
methyl ester

A suspension of 2-methyl-5-(3-nitro-phenyl)-thiazole-4-carboxylic acid methyl ester
(44.1 mmol) and ammonium chloride (220 mmol) in a mixture of ethanol (100 mL)
and water (50 mL) is treated with iron powder (53.0 mmol) and heated to 80°C. After
4 h an additional portion of iron powder (53.0 mmol) is added, the mixture is stirred at
80°C for 3 h, further iron powder (26.5 mmol) is added and the mixture is again
stirred at 80°C for 3.5 h. The mixture is allowed to reach RT, diluted with DCM and
filtered through Celite. The filtrate is concentrated in vacuo and diluted with DCM
and sat aqueous NaHCOs3 solution. The layers are separated and the organic layer is
washed with water, dried over MgSO4 and concentrated in vacuo to give the desired

aniline derivative. LC-MS: tg = 0.67 min; [M+H]' =249 4.

A.1.7.2 Synthesis of 5-(3-Acetylamino-phenyl)-2-methyl-thiazole-4-carboxylic
acid methyl ester

Triethylamine (14.2 mmol) and DMAP (4.00 mmol) are added to a solution of 5-(3-
Amino-phenyl)-2-methyl-thiazole-4-carboxylic acid methyl ester (4.00 mmol) in
acetic acid anhydride (25 mL). After 30 min EtOAc and water are added, the layers
are separated and the aqueous layer is extracted once with EtOAc. The combined
organic layers are washed twice with sat aqueous ammonium chloride solution, once
with sat aqueous NaHCOs3 solution and once with water and the solvents are removed
in vacuo. The residue is diluted with EtOAc and extracted three times with sat
aqueous NaHCOj3 solution. The organic layer is dried over MgSQO4 and concentrated

in vacuo to give a crude solid which is diluted with ether. The obtained suspension is
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filtered and the residue is washed with ether to give the desired acetamide. LC-MS: tg
=0.81 min; [M+H] =291.3.

A.1.8 Synthesis of thiazole-4-carboxylic acid derivatives

(general procedure)
COOMe COOH

N N
- _{SI NaOH . _{SI

B
R = CHg, NH,, /\ 7

A solution of the respective ester (96.2 mmol) in a mixture of THF (150 mL) and

B

MeOH (or isopropanol, 50 mL) is treated with an aqueous NaOH solution (1.0 M, 192
mL). After stirring for 3 h a white suspension is formed and the organic volatiles are
removed in vacuo. The remaining mixture is diluted with water (100 mL), cooled in
an ice-bath and made acidic (pH = 3-4) by addition of aqueous HCI solution (1.0 M).
In case of precipitation, the suspension is filtered and the residue is washed with cold
water and dried in vacuo to give the desired acid. In other cases, the mixture is
extracted twice with EtOAc and the organic layers are combined, dried over MgSO4
and concentrated in vacuo to give the respective acid.
2-methyl-5-p-tolyl-thiazole-4-carboxylic acid

prepared by saponification of 2-methyl-5-p-tolyl-thiazole-4-carboxylic acid methyl
ester. LC-MS: tg = 0.83 min; [M+H]" = 234.0.
5-(3-fluoro-phenyl)-2-methyl-thiazole-4-carboxylic acid

prepared by saponification of 5-(3-fluoro-phenyl)-2-methyl-thiazole-4-carboxylic acid
methyl ester. LC-MS: tg = 0.82 min; [M+H] = 238.1.
5-(4-fluoro-phenyl)-2-methyl-thiazole-4-carboxylic acid

prepared by saponification of 5-(4-fluoro-phenyl)-2-methyl-thiazole-4-carboxylic acid
methyl ester. "H-NMR (DMSO-ds): & = 2.67 (s, 3H); 7.27 (m, 2H); 7.53 (m, 2H);
12.89 (br.s, 1H).

5-(3-chloro-phenyl)-2-methyl-thiazole-4-carboxylic acid

prepared by saponification of 5-(3-chloro-phenyl)-2-methyl-thiazole-4-carboxylic
acid methyl ester. LC-MS: tg = 0.84 min; [M+H]" = 254.0.
2-Methyl-5-m-tolyl-thiazole-4-carboxylic acid

prepared by saponification of 2-Methyl-5-m-tolyl-thiazole-4-carboxylic acid methyl
ester. LC-MS: tg = 0.87 min; [M+H]' = 234.4.
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2-Methyl-5-(3-trifluoromethyl-phenyl)-thiazole-4-carboxylic acid

prepared by saponification of 2-Methyl-5-(3-trifluoromethyl-phenyl)-thiazole-4-
carboxylic acid methyl ester. LC-MS: tg = 0.88 min; [M+H] = 288.0.
5-(4-Bromo-phenyl)-2-methyl-thiazole-4-carboxylic acid

prepared by saponification of 5-(4-Bromo-phenyl)-2-methyl-thiazole-4-carboxylic
acid methyl ester. LC-MS: tg = 0.85 min; [M+H] = 298.2.
5-(3,5-Dimethyl-phenyl)-2-methyl-thiazole-4-carboxylic acid

prepared by saponification of 5-(3,5-Dimethyl-phenyl)-2-methyl-thiazole-4-
carboxylic acid methyl ester. LC-MS: tg = 0.86 min; [M+H]" =248.3.
5-(3-Bromo-4-fluoro-phenyl)-2-methyl-thiazole-4-carboxylic acid

prepared by saponification of 5-(3-Bromo-4-fluoro-phenyl)-2-methyl-thiazole-4-
carboxylic acid methyl ester. LC-MS: tg = 0.86 min; [M+H] = 316.2.
5-(3,4-Difluoro-phenyl)-2-methyl-thiazole-4-carboxylic acid

prepared by saponification of 5-(3,4-Difluoro-phenyl)-2-methyl-thiazole-4-carboxylic
acid methyl ester. LC-MS: tg = 0.82 min; [M+H] = 256.3.
5-(2,4-Dimethyl-phenyl)-2-methyl-thiazole-4-carboxylic acid

prepared by saponification of 5-(2,4-Dimethyl-phenyl)-2-methyl-thiazole-4-
carboxylic acid methyl ester. LC-MS: tg = 0.85 min; [M+H]" =248.3.
5-(3,4-Dichloro-phenyl)-2-methyl-thiazole-4-carboxylic acid

prepared by saponification of 5-(3,4-Dichloro-phenyl)-2-methyl-thiazole-4-carboxylic
acid methyl ester. LC-MS: tg = 0.88 min; [M+H] = 288.2.
5-(3,4-Dimethyl-phenyl)-2-methyl-thiazole-4-carboxylic acid

prepared by saponification of 5-(3,4-Dimethyl-phenyl)-2-methyl-thiazole-4-
carboxylic acid methyl ester. LC-MS: tg = 0.86 min; [M+H]" =248.3.
2-Methyl-5-phenyl-thiazole-4-carboxylic acid

prepared by saponification of 2-Methyl-5-phenyl-thiazole-4-carboxylic acid methyl
ester. LC-MS: tg = 0.77 min; [M+H]" = 220.0.
5-(3-Acetylamino-phenyl)-2-methyl-thiazole-4-carboxylic acid

prepared by saponification of 5-(3-Acetylamino-phenyl)-2-methyl-thiazole-4-
carboxylic acid methyl ester. LC-MS: tg = 0.73 min; [M+H]" =277.2.
2-amino-5-p-tolyl-thiazole-4-carboxylic acid

prepared by saponification of 2-amino-5-p-tolyl-thiazole-4-carboxylic acid methyl
ester. LC-MS: tg = 0.64 min; [M+H]' = 235.2.
2-cyclopropyl-5-(4-fluoro-phenyl)-thiazole-4-carboxylic acid



10

15

20

25

30

WO 2009/016564 PCT/IB2008/052989
30

prepared by saponmification of 2-cyclopropyl-5-(4-fluoro-phenyl)-thiazole-4-
carboxylic acid methyl ester. LC-MS: tg = 0.87 min; [M+H]" =264.2.
2-cyclopropyl-5-(3-trifluoromethyl-phenyl)-thiazole-4-carboxylic acid

prepared by saponification of 2-cyclopropyl-5-(3-trifluoromethyl-phenyl)-thiazole-4-
carboxylic acid methyl ester. LC-MS: tg = 0.94 min; [M+H] = 314.2.
2-Cyclopropyl-5-phenyl-thiazole-4-carboxylic acid

prepared by saponification of 2-Cyclopropyl-5-phenyl-thiazole-4-carboxylic acid. LC-
MS: tg = 0.91 min; [M+H]" =246.4.

A.2  Synthesis of 2,3-dihydro-benzofuran-4-carboxylic acid
Benzofuran-4-carboxylic acid (30.8 mmol, M.A. Eissenstat et al. J. Med. Chem. 1995,
38, 3094-3105) is added to a suspension of Pd/C (10%, 2.00 g) in EtOH (25 mL).
Additional EtOH (75 mL) is added and the mixture is stirred at RT under a hydrogen
atmosphere (4 bar) for 16 h. After filtration through celite and removal of the solvents
the desired product is obtained which is used without further purification. 'H-NMR
(DMSO-ds): 6 =3.45 (t,J = 8.79 Hz, 2H); 4.55 (t, J = 8.79 Hz, 2H); 6.99 (d, J = 7.78
Hz, 1H); 7.21 (t, J = 7.91 Hz, 1H); 7.39 (d, J = 7.78 Hz, 1H); 12.9 (bs, 1H).

A.3  Synthesis of  (1S,3S,55)-3-aminomethyl-2-azabicyclo[3.3.0]octane-2-
carboxylic acid tert-butyl ester

A.3.1 Synthesis of (1S,3S,5S)-(2-tert-butoxy-carbonyl)-2-
azabicyclo[3.3.0]octane-3-carboxylic acid benzyl ester

To a suspension of Benzyl (18S,3S,55)-2-azabicyclo[3.3.0]octane-3-carboxylate

hydrochloride (17.3 mmol, 1.0eq) in DCM (50 mL) is added DIPEA (22.5 mmol,

1.3eq), di-tert-butyl dicarbonate (17.3 mmol, 1.0eq) and additional DCM (5 mL). The

mixture is stirred for 1 h and concentrated in vacuo. EtOAc and aqueous citric acid

(10%) are added, the layers are separated and the aqueous layer is extracted once with

EtOAc. The combined organic layers are washed with brine, dried over MgSQO4 and

concentrated in vacuo. The residue is purified by column chromatography (heptane /

EtOAc 3/1) to give the desired product. LC-MS: tg = 1.08 min; [M+H]" = 346.3.
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A.3.2 Synthesis of (1S,3S,55)-3-hydroxymethyl-2-azabicyclo[3.3.0]octane-2-
carboxylic acid tert-butyl ester
At —78°C a solution of DIBAL in toluene (1.7 M, 22.5 mmol) is added dropwise to a
solution of (18,3S,55)-(2-tert-butoxy-carbonyl)-2-azabicyclo[3.3.0]octane-3-
carboxylic acid benzyl ester (9.0 mmol) in THF (50 mL). After 40 min the mixture is
allowed to reach RT, stirred for additional 45 min and poured into a mixture of
aqueous NaOH solution (1.0 M, 250 mL) and ice. EtOAc is added, the layers are
separated and the aqueous layer is extracted with EtOAc. The combined organic
layers are washed with aqueous NaOH solution (1.0 M) and brine, dried over MgSQOa4
and concentrated in vacuo to give the desired alcohol which is purified by flash

chromatography (heptane / EtOAc 3/1). LC-MS: tg = 0.91 min; [M+H] =242 4.

A.3.3 Synthesis of (1S5,3S,55)-3-formyl-2-azabicyclo[3.3.0]octane-2-carboxylic
acid tert-butyl ester
A solution of Dess-Martin periodinane (4.14 mmol, 2.2eq) in DCM (10 ml) is treated
with a solution of (18S,3S,55)-3-hydroxymethyl-2-azabicyclo[3.3.0Joctane-2-
carboxylic acid tert-butyl ester (1.85 mmol, 1.0eq) in DCM (4 mL) and some drops of
water. After 5 h ether and aqueous NaOH solution (1.0 M) are added and the layers
are separated. The organic layer is washed with aqueous citric acid (10%) and brine,
dried over MgSQO4 and concentrated in vacuo to give the desired aldehyde which is

used without further purification.

A.3.4 Synthesis of (1S,3S,55)-3-(benzylamino-methyl)-2-azabicyclo[3.3.0]octane-
2-carboxylic acid tert-butyl ester
Benzylamine (2.76 mmol, 2.3eq) is added to a solution of (1S,3S,5S)-3-formyl-2-
azabicyclo[3.3.0]octane-2-carboxylic acid tert-butyl ester (1.2 mmol, 1.0eq) in
chloroform (10 mL). The mixture is stirred for 5 min, treated with sodium
triacetoxyborohydride (4.8 mmol, 4.0eq) and acetic acid (0.05 mL), stirred for
additional 14 h and poured into sat. NaHCOj solution. DCM is added, the layers are
separated and the aqueous layer is extracted with DCM. The combined organic layers
are washed with water (100 mL) and concentrated in vacuo. The residue is dissolved
in ether and extracted three times with hydrochloric acid (0.1 M). The combined
aqueous layers are extracted once with ether, made basic (pH 9-10) by addition of

NaOH solution (1.0M) and extracted three times with ether. The combined organic
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layers are dried over MgSOs4 and concentrated in vacuo to give the desired

benzylamine which is used without further purification. LC-MS: tg = 0.89 min;

[M+H] =331.5.

A.3.5 Synthesis of  (1S,3S,55)-3-aminomethyl-2-azabicyclo[3.3.0]octane-2-
carboxylic acid tert-butyl ester

A solution of (18S,3S,55)-3-(benzylamino-methyl)-2-azabicyclo[3.3.0]octane-2-

carboxylic acid tert-butyl ester (9.0 mmol) in ethanol (10 mL) is added to a

suspension of Pd/C (1.9 g, 10%) in ethanol (40 mL) and stirred under a hydrogen

atmosphere (1 bar) for 16h. After filtration through celite, washing with ethanol and

removal of the solvents the desired amine is obtained which is used without further

purification. LC-MS: tg = 0.73 min; [M+H]" = 241.4.

A4  Synthesis of (1S5,35,55)-(2-azabicyclo[3.3.0]octane-3-ylmethyl)-amide
derivatives
A.4.1 Synthesis of (1S,3S,55)-3-(aroylamino-methyl)-2-azabicyclo[3.3.0]octane-

2-carboxylic acid tert-butyl ester (general procedure)

\\H s\H
el Ho
H NH, ———  HNNN(R

TBTU (5.0 mmol, 1.2eq) is added to a solution of the respective carboxylic acid (4.6
mmol, 1.1eq) in DMF (15 mL). After 30 min DIPEA (12.5 mmol, 3.0eq) and a
solution of (18S,3S,5S)-3-aminomethyl-2-azabicyclo[3.3.0]octane-2-carboxylic acid
tert-butyl ester (4.2 mmol, 1.0eq) in DMF (10 mL) are added and the mixture is
stirred for 60 min. Water and EtOAc are added, the layers are separated and the
organic layer is washed once with water. The combined aqueous layers are extracted
once with EtOAc and the combined organic layers are dried over MgSQO4. The
solvents are removed in vacuo and the residue is purified by column chromatography
(DCM) to give the respective amide.
(1S,3S,55)-3-{[(6-methyl-imidazo[2,1-b]|thiazole-5-carbonyl)-amino]|-methyl}-2-
azabicyclo[3.3.0]octane-2-carboxylic acid tert-butyl ester

prepared by reaction of 6-methyl-imidazo[2,1-b]thiazole-5-carboxylic acid (A.
Andreani et al. Eur. J. Med. Chem 1982, 17, 271-274) with (18S,3S,55)-3-
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aminomethyl-2-azabicyclo[3.3.0]octane-2-carboxylic acid tert-butyl ester. LC-MS: tr
=0.91 min; [M+H] = 405.2.
(1S,3S,55)-3-{|(Benzo[d]isoxazole-3-carbonyl)-amino]-methyl}-2-
azabicyclo[3.3.0]octane-2-carboxylic acid tert-butyl ester

prepared by reaction of Benzo[d]isoxazole-3-carboxylic acid with (1S,3S,5S)-3-
aminomethyl-2-azabicyclo[3.3.0]octane-2-carboxylic acid tert-butyl ester. LC-MS: tr
=1.11 min; [M+H]" = 386.6.
(1S,3S,55)-3-{[(2,3-Dihydro-benzofuran-4-carbonyl)-amino|-methyl}-2-
azabicyclo[3.3.0]octane-2-carboxylic acid tert-butyl ester

prepared by reaction of 2,3-Dihydro-benzofuran-4-carboxylic acid with (18,3S,5S)-3-
aminomethyl-2-azabicyclo[3.3.0]octane-2-carboxylic acid tert-butyl ester. LC-MS: tr
=1.00 min; [M+H] = 387.1.

A.4.2 Synthesis of (1S5,35,55)-(2-azabicyclo[3.3.0]octane-3-ylmethyl)-amide

derivatives (general procedure)

Q{H oy
> 1
HNNN R ———— E}@»NWR“

oo O H O

A

A solution of HCI in dioxane (4.0 M, 20 mL) is added to a solution of the respective
Boc-protected 2-azabicyclo[3.3.0]octane derivative (3.6 mmol) in dioxane (20 mL).
After LC-MS indicated complete reaction (1-3h) the mixture is concentrated in vacuo
to give the respective deprotected product which is used without further purification.
6-methyl-imidazo[2,1-b]thiazole-5-carboxylic acid [(1S,3S,5S)-(2-
azabicyclo[3.3.0]octane-3-yl)methyl]-amide

prepared by deprotection of (1S,3S,55)-3-{[(6-methyl-imidazo[2,1-b]thiazole-5-
carbonyl)-amino]-methyl}-2-azabicyclo[3.3.0]octane-2-carboxylic  acid  tert-butyl
ester. LC-MS: tg = 0.56 min; [M+H]" = 305.3.

Benzo[d]isoxazole-3-carboxylic acid [(1S,3S,5S)-(2-azabicyclo[3.3.0]octane-3-
yDmethyl]-amide

prepared by deprotection of (18S,3S,5S)-3-{[(Benzo[d]isoxazole-3-carbonyl)-amino]-
methyl}-2-azabicyclo[3.3.0]octane-2-carboxylic acid tert-butyl ester. LC-MS: tg =
0.71 min; [M+H] =286.3.
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2,3-Dihydro-benzofuran-4-carboxylic acid [(1S,3S,5S)-(2-
azabicyclo[3.3.0]octane-3-yl)methyl]-amide

prepared by deprotection of (18S,3S,55)-3-{[(2,3-Dihydro-benzofuran-4-carbonyl)-
amino]-methyl}-2-azabicyclo[3.3.0]octane-2-carboxylic acid tert-butyl ester. LC-MS:
tg = 0.70 min; [M+H]" = 287.4.

B. Preparation of compounds of formula (I):

B.1  Synthesis of carboxylic amide derivatives (general procedure)

H H oy
O 0H 1
Q*IIXVNWW —>Q‘—NXVNWR
H Hiy O
H O A0
B
To a mixture of the respective carboxylic acid (0.44 mmol, 1.1eq) in acetonitrile (1.0
mL) is added TBTU (0.48 mmol, 1.2eq) and, after 30 min, DIPEA (1.2 mmol, 3.0eq).
After 15 min a solution of the respective 2-azabicyclo[3.3.0]octane derivative (0.40

mmol, 1.0eq) in DCM (1.0 mL) is added. The mixture is stirred over night and
purified by prep. HPLC to give the respective amide derivative.

Synthesis of carboxylic amide derivatives by reaction of the respective carboxylic
acid with 6-methyl-imidazo[2,1-b]thiazole-5-carboxylic acid [(1S,3S,5S)-(2-
azabicyclo[3.3.0]octane-3-yl)methyl]-amide:

Example Name LC-MS:

6-Methyl-imidazo[2,1-b]thiazole-5-carboxylic acid
1 [(18S,3S,55)-2-(2-methyl-5-p-tolyl-thiazole-4-carbonyl)-2-

tg = 0.95 min;

_ [M+H] = 520.1
azabicyclo[3.3.0]octane-3-ylmethyl]-amide

6-Methyl-imidazo[2,1-b]thiazole-5-carboxylic acid
2 [(18S,3S,55)-2-(2-amino-5-p-tolyl-thiazole-4-carbonyl)-2-

tg = 0.86 min;

_ [M+H] =521.2
azabicyclo[3.3.0]octane-3-ylmethyl]-amide

6-Methyl-imidazo[2,1-b]thiazole-5-carboxylic acid
3 {(18,3S,5S)-2-[5-(3-chloro-phenyl)-2-methyl-thiazole-4-

tg = 0.95 min;

[M+H]" = 540.1
carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide
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tg = 0.93 min;
[M+H] =524.2

6-Methyl-imidazo[2,1-b]thiazole-5-carboxylic acid

tr = 0.93 min;

5 {(1S,38S,5S)-2-[5-(3-fluoro-phenyl)-2-methyl-thiazole-4- IVEH] - 52422
carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl }-amide

6-Methyl-imidazo[2,1-b]thiazole-5-carboxylic acid
{(18,38,5S)-2-[2-cyclopropyl-5-(4-fluoro-phenyl)- tr = 0.99 min;

0 thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3- [M+H]' = 550.4

ylmethyl}-amide

6-Methyl-imidazo[2,1-b]thiazole-5-carboxylic acid

. {(18,3S,5S)-2-[2-cyclopropyl-5-(3-trifluoromethyl- tr = 1.04 min;

phenyl)-thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-

ylmethyl}-amide

[M+H]" = 600.2

Synthesis of carboxylic amide derivatives by reaction of the respective carboxylic

acid with benzo[d]isoxazole-3-carboxylic acid [(1S,3S,55)-(2-azabicyclo[3.3.0]

octane-3-yl)methyl]-amide:

Example] Name LC-MS:
Benzo[d]isoxazole-3-carboxylic acid [(1S,3S,5S)-2-(2- ‘
8 hyl-5-p-tolyl-thiazole-4-carbonyl)-2 te = 109 mn;
methyl-5-p-tolyl-thiazole-4-carbonyl)-2-
yioprow Y _ [M+H] =501.2
azabicyclo[3.3.0]octane-3-ylmethyl]-amide
Benzo[d]isoxazole-3-carboxylic acid {(1S,3S,55)-2-[5-(3- )
hloro-phenyl)-2-methyl-thiazole-4-carbonyl]-2 te = 110 ming
9 chloro-phenyl)-2-methyl-thiazole-4-carbonyl]-2-
phenyl Y y [M+H] =521.1
azabicyclo[3.3.0]octane-3-ylmethyl }-amide
Benzo[d]isoxazole-3-carboxylic acid {(1S,3S,55)-2-[5-(3- )
10 fluoro-phenyl)-2-methyl-thiazole-4-carbonyl]-2 te = 1.08 mn;
uoro-phenyl)-2-methyl-thiazole-4-carbonyl|-2-
1? Y Y y [M+H]" = 505.2
azabicyclo[3.3.0]octane-3-ylmethyl }-amide
Benzo[d]isoxazole-3-carboxylic acid [(1S,3S,5S)-2-(2-
" cyclopropyl-5-phenyl-thiazole-4-carbonyl)-2- tr = 1.12 min;
azabicyclo[3.3.0]octane-3-ylmethyl]-amide [M+H] =512.8
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Synthesis of carboxylic amide derivatives by reaction of the respective carboxylic

acid with 2,3-Dihydro-benzofuran-4-carboxylic acid [(1S,3S,55)-(2-azabicyclo[3.3.0]

octane-3-yl)methyl]-amide:

Example] Name LC-MS:
2,3-Dihydro-benzofuran-4-carboxylic acid {(1S,3S,55)-2- '
12 3-chloro-phenyl)-2-methyl-thiazole-4-carbonyl]-2- | >
5-(3-chloro-phenyl)-2-methyl-thiazole-4-carbonyl]-2-
3¢ pReny Y _ Y [M+H] =522.1
azabicyclo[3.3.0]Joctane-3-ylmethyl }-amide
2,3-Dihydro-benzofuran-4-carboxylic acid {(1S,3S,55)-2- '
13 3-fluoro-phenyl)-2-methyl-thiazole4-carbonyl]-2- | * 0
5-(3-fluoro-phenyl)-2-methyl-thiazole-4-carbonyl]-2-
B¢ peny Y Y [M+H]" = 506.1
azabicyclo[3.3.0]Joctane-3-ylmethyl }-amide
2,3-Dihydro-benzofuran-4-carboxylic acid {(1S,3S,55)-2- '
14 4-fluoro-phenyl)-2-methyl-thiazole-4-carbonyl]-2 tr = 1.0 min;
5-(4-fluoro-phenyl)-2-methyl-thiazole-4-carbonyl]-2-
B¢ pReny Y _ Y [M+H]" = 506.1
azabicyclo[3.3.0]Joctane-3-ylmethyl }-amide
2,3-Dihydro-benzofuran-4-carboxylic acid [(1S,38S,5S)-2- '
1 2-methyl-5-m-tolyl-thiazole-4-carbonyl)-2 = 104 ming
5 -methyl-5-m-tolyl-thiazole-4-carbonyl)-2-
( Y Y Y _ [M+H] =502.2
azabicyclo[3.3.0]octane-3-ylmethyl]-amide
2,3-Dihydro-benzofuran-4-carboxylic acid {(1S,3S,55)-2- '
hyl-5-(3-trifl hyl-phenyl)-thiazolo-d- | =00 ™0
16 2-methyl-5-(3-trifluoromethyl-phenyl)-thiazole-4-
[ yl->{ YIPReny ~|[M+H] =556.2
carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide
2,3-Dihydro-benzofuran-4-carboxylic acid {(1S,3S,5S)-2- '
1 4-b henyl)-2-methyl-thiazole-4-carbonyl]-2 = 106 min;
7 5-(4-bromo-phenyl)-2-methyl-thiazole-4-carbonyl]-2-
B¢ peny Y _ Y [M+H]" = 566.1
azabicyclo[3.3.0]Joctane-3-ylmethyl }-amide
2,3-Dihydro-benzofuran-4-carboxylic acid {(1S,3S,5S)-2- '
dimethyl-phenyl)-2-methyl-thiazole-4-carbonyl] tre = 107 mng
18 5-(3,5-dimethyl-phenyl)-2-methyl-thiazole-4-carbonyl]-
[5-( yl-phenyl) y ‘ y IMEH]' = 516.2
2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide
2,3-Dihydro-benzofuran-4-carboxylic acid {(1S,3S,55)-2- '
19 3-bromo-4-fluoro-phenyl)-2-methyl-thiazole4- | = 0
5-(3-bromo-4-fluoro-phenyl)-2-methyl-thiazole-4-
>~ preny Y ~|[M+H] =584.1
carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide
2,3-Dihydro-benzofuran-4-carboxylic acid {(1S,3S,55)-2- '
20 3 d-difluoro-phenyl)-2-methyl-thiazole-d-carbony1}-2-| * o T
5-(3,4-difluoro-phenyl)-2-methyl-thiazole-4-carbonyl]-2-
> PRy Y T ) = 5242
azabicyclo[3.3.0]Joctane-3-ylmethyl }-amide
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2,3-Dihydro-benzofuran-4-carboxylic acid {(1S,3S,55)-2- '
dimethyl-phenyl)-2-methyl-thiazole-4-carbonyl] tr = 1.08 mng
21 5-(2,4-dimethyl-phenyl)-2-methyl-thiazole-4-carbonyl]-
> yiphenyh g PO ) = 5162
2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide
2,3-Dihydro-benzofuran-4-carboxylic acid {(1S,3S,5S)-2- '
2 3 4-dichloro-phenyl)-2-methyl-thiazole-4-carbonyl]-2 = 109 min;
5-(3,4-dichloro-phenyl)-2-methyl-thiazole-4-carbonyl]-2-
1> Py 4 PO vy = 5561
azabicyclo[3.3.0]Joctane-3-ylmethyl }-amide
2,3-Dihydro-benzofuran-4-carboxylic acid {(1S,3S,5S)-2- '
23 [5-(3,4-dimethyl-phenyl)-2 hyl-thiazole-4-carbonyl] o= 107 min:
-(3,4-dimethyl-phenyl)-2-methyl-thiazole-4-carbonyl |-
yIPReny Y Y [M+H] =516.2
2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide
2,3-Dihydro-benzofuran-4-carboxylic acid {(1S,3S,55)-2- '
24 3-acetyl henyl)-2-methyl-thiazole-4-carbonyl] =092 min;
5-(3-acetylamino-phenyl)-2-methyl-thiazole-4-carbonyl]-
>-(acety Py Y SO vy = 5452
2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide
2,3-Dihydro-benzofuran-4-carboxylic acid [(1S,38S,5S)-2- '
2 2-methyl-5-phenyl-thiazole-4-carbonyl)-2 e = 10T ming
5 -methyl-5-phenyl-thiazole-4-carbonyl)-2-
( yiopReny Y [M+H] =488.2
azabicyclo[3.3.0]octane-3-ylmethyl]-amide
2,3-Dihydro-benzofuran-4-carboxylic acid [(1S,38S,5S)-2- '
26 (2-cyel I-5-phenyl-thiazole-4-carbonyl)-2 = 107 min;
-cyclopropyl-5-phenyl-thiazole-4-carbonyl)-2-
YEOPIOPYR PRy Y [M+H]" = 514.1
azabicyclo[3.3.0]octane-3-ylmethyl]-amide
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I1-Biological assays

The orexin receptor antagonistic activity of the compounds of formula (I) is

determined in accordance with the following experimental method.

Intracellular calcium measurements:

Chinese hamster ovary (CHO) cells expressing the human orexin-1 receptor and the
human orexin-2 receptor, respectively, are grown in culture medium (Ham F-12 with
L-Glutamine) containing 300 pg/ml G418, 100 U/ml penicillin, 100 pg/ml
streptomycin and 10 % heat inactivated fetal calf serum (FCS). The cells are seeded at
20°000 cells / well into 384-well black clear bottom sterile plates (Greiner). The
seeded plates are incubated overnight at 37°C in 5% CO,.

Human orexin-A as an agonist is prepared as 1 mM stock solution in MeOH: water
(1:1), diluted in HBSS containing 0.1 % bovine serum albumin (BSA), NaHCOs:
0.375¢g/1 and 20 mM HEPES for use in the assay at a final concentration of 3 nM.
Antagonists are prepared as 10 mM stock solution in DMSO, then diluted in 384-well
plates using DMSO followed by a transfer of the dilutions into in HBSS containing
0.1 % bovine serum albumin (BSA), NaHCOs: 0.375g/l and 20 mM HEPES. On the
day of the assay, 50 .l of staining buffer (HBSS containing 1% FCS, 20 mM HEPES,
NaHCOs: 0.375g/1, 5 mM probenecid (Sigma) and 3 UM of the fluorescent calcium
indicator fluo-4 AM (1 mM stock solution in DMSQO, containing 10% pluronic) is
added to each well. The 384-well cell-plates are incubated for 50 min at 37° C in 5%

CO; followed by equilibration at rt for 30 - 120 min before measurement.

Within the Fluorescent Imaging Plate Reader (FLIPR2 or FLIPR Tetra, Molecular
Devices), antagonists are added to the plate in a volume of 10 pl/well, incubated for
10 min and finally 10 pl/well of agonist is added. Fluorescence is measured for each
well at 1 second intervals, and the height of each fluorescence peak is compared to the
height of the fluorescence peak induced by 3 nM orexin-A with vehicle in place of
antagonist. For each antagonist, the ICsq value (the concentration of compound needed
to inhibit 50 % of the agonistic response) is determined. The calculated ICs, values of
the compounds may fluctuate depending on the daily cellular assay performance.

Fluctuations of this kind are known to those skilled in the art.
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ICso values of 26 exemplified compounds are in the range of 4-2438 nM with respect

to the OX; receptor. ICsy values of all exemplified compounds are in the range of 11-

1669 nM with respect to the OX, receptor. Antagonistic activities of selected

compounds are displayed in Table 1.

Table 1
Example 0X; ICsy (nM) 0X; ICsy (nM)
1 17 40
7 18 95
9 275 283
16 117" 12
19 37" 320
26 48 Y 41

Values in table 1 are measured using FLIPR2 or using V) FLIPR Tetra.
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Claims

I. A compound of formula (I) with the stercogenic centers in (1S,3S,55)-

configuration
H
IAEIN_R
O
A0
B
Formula (1)
wherein

A represents aryl or heterocyclyl, wherein the aryl or heterocyclyl is unsubstituted or
independently mono- or disubstituted, wherein the substituents are independently
selected from the group consisting of (Cj4)alkyl, (Css)cycloalkyl, (Cs.e)alkinyl,
(Ci4)alkoxy, NR’R’, halogen and unsubstituted or independently mono- or
disubstituted phenyl, wherein the substituents are independently selected from the
group consisting of (C;.4)alkyl, (C;.4)alkoxy, fluorine and chlorine;

B represents an aryl- or heterocyclyl-group, wherein the aryl or heterocyclyl is
unsubstituted or independently mono-, di-, or trisubstituted, wherein the substituents
are independently selected from the group consisting of (C;.4)alkyl, (C;.4)alkoxy,
trifluoromethyl, NR’R?, NHC(O)CH3 and halogen;

R' represents aryl or heterocyclyl, wherein the aryl or heterocyclyl is unsubstituted or
independently mono-, di-, or trisubstituted wherein the substituents are independently
selected from the group consisting of (Cig)alkyl, (C;4)alkoxy, halogen,
trifluoromethyl and NR’R?; or R represents a 2,3-dihydro-benzofuranyl- or a 2,3-
dihydro-benzo[ 1,4]dioxinyl-group which groups are unsubstituted or independently
mono- or disubstituted with (C; 4)alkyl, (C, 4)alkoxy and halogen;

R’ represents hydrogen or (C)_y)alkyl;

R’ represents hydrogen or (C_y)alkyl;

or a pharmaceutically acceptable salt thereof.
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2. A compound according to claim 1, wherein

A represents heterocyclyl, wherein the heterocyclyl is unsubstituted or mono-sub-
stituted, wherein the substituent is selected from the group consisting of (C;.4)alkyl,
(Ca¢)cycloalkyl or NR’R?;

or a pharmaceutically acceptable salt thereof.

3. A compound according to any one of claims 1 to 2, wherein

B represents aryl, wherein the aryl is unsubstituted or independently mono- or
disubstituted, wherein the substituents are independently selected from the group
consisting of (Cy4)alkyl, (C;_4)alkoxy, trifluoromethyl, NHC(O)CH3 and halogen;

or a pharmaceutically acceptable salt thereof.

4. A compound according to any one of claims 1 to 3, wherein

R' represents aryl or heterocyclyl, wherein the aryl or heterocyclyl is unsubstituted or
independently mono- or disubstituted wherein the substituents are independently
selected from the group consisting of (Cy.4)alkyl, (Ci4)alkoxy and halogen; or R'
represents a 2,3-dihydro-benzofuranyl- or a 2,3-dihydro-benzo[1,4]dioxinyl-group;

or a pharmaceutically acceptable salt thereof.

5. A compound according to any one of claims 1 to 4, wherein

A represents an oxazolyl, a thiazolyl or a pyrimidyl group, which groups are
unsubstituted or monosubstituted, wherein the substituent is selected from the group
consisting of (C;4)alkyl, (Cs)cycloalkyl or NHg;

or a pharmaceutically acceptable salt thereof.

6. A compound according to any one of claims 1 to 5, wherein

B represents phenyl, wherein the phenyl is unsubstituted or independently mono- or
disubstituted, wherein the substituents are independently selected from the group
consisting of (C;4)alkyl, trifluoromethyl and halogen;

or a pharmaceutically acceptable salt thereof.

7. A compound according to any one of claims 1 to 6, wherein
R' represents an imidazo[2,1-b]thiazolyl or a benzoisoxazolyl group which groups are

unsubstituted or monosubstituted wherein the substituent is selected from the group
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consisting of (Cj)alkyl, trifluoromethyl and halogen; or R' represents a 2,3-dihydro-
benzofuranyl-group;

or a pharmaceutically acceptable salt thereof.

8. A compound according to any one of claims 1 to 7, wherein

A represents a thiazolyl group, which group is unsubstituted or monosubstituted,
wherein the substituent is selected from the group consisting of (Cj.4)alkyl,
(Cs)cycloalkyl or NHo;

or a pharmaceutically acceptable salt thereof.

9. A compound according to any one of claims 1 to 8, wherein
R’ and R’ both represent hydrogen;

or a pharmaceutically acceptable salt thereof.

10. A compound according to any one of claims 1 to 9 selected from the group
consisting of:

6-Methyl-imidazo[2,1-b]thiazole-5-carboxylic acid  [(1S,3S,55)-2-(2-methyl-5-p-
tolyl-thiazole-4-carbonyl)-2-azabicyclo[3.3.0]octane-3-ylmethyl]-amide;
6-Methyl-imidazo[2,1-b]thiazole-5-carboxylic acid [(1S,3S,5S)-2-(2-amino-5-p-tolyl-
thiazole-4-carbonyl)-2-azabicyclo[3.3.0]octane-3-ylmethyl]-amide;
6-Methyl-imidazo[2,1-b]thiazole-5-carboxylic  acid  {(1S,3S,55)-2-[5-(3-chloro-
phenyl)-2-methyl-thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide;
6-Methyl-imidazo[2,1-b]thiazole-5-carboxylic  acid  {(1S,3S,5S5)-2-[5-(4-fluoro-
phenyl)-2-methyl-thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide;
6-Methyl-imidazo[2,1-b]thiazole-5-carboxylic  acid  {(1S,3S,55)-2-[5-(3-fluoro-
phenyl)-2-methyl-thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide;
6-Methyl-imidazo[2,1-b]thiazole-5-carboxylic acid {(1S,3S,5S)-2-[2-cyclopropyl-5-
(4-fluoro-phenyl)-thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide;
6-Methyl-imidazo[2,1-b]thiazole-5-carboxylic acid {(1S,3S,5S)-2-[2-cyclopropyl-5-
(3-trifluoromethyl-phenyl)-thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-
ylmethyl}-amide;

Benzo[d]isoxazole-3-carboxylic acid [(1S,3S,5S)-2-(2-methyl-5-p-tolyl-thiazole-4-
carbonyl)-2-azabicyclo[3.3.0]octane-3-ylmethyl]-amide;
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Benzo[d]isoxazole-3-carboxylic acid {(1S,3S,5S)-2-[5-(3-chloro-phenyl)-2-methyl-
thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide;
Benzo[d]isoxazole-3-carboxylic acid {(1S,3S,5S)-2-[5-(3-fluoro-phenyl)-2-methyl-
thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide;
Benzo[d]isoxazole-3-carboxylic acid [(1S,3S,55)-2-(2-cyclopropyl-5-phenyl-thiazole-
4-carbonyl)-2-azabicyclo[3.3.0]octane-3-ylmethyl]-amide;
2,3-Dihydro-benzofuran-4-carboxylic acid  {(1S,3S,5S)-2-[5-(3-chloro-phenyl)-2-
methyl-thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide;
2,3-Dihydro-benzofuran-4-carboxylic  acid  {(1S,3S,5S)-2-[5-(3-fluoro-phenyl)-2-
methyl-thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide;
2,3-Dihydro-benzofuran-4-carboxylic acid  {(1S,3S,5S)-2-[5-(4-fluoro-phenyl)-2-
methyl-thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide;
2,3-Dihydro-benzofuran-4-carboxylic acid [(1S,3S,55)-2-(2-methyl-5-m-tolyl-
thiazole-4-carbonyl)-2-azabicyclo[3.3.0]octane-3-ylmethyl]-amide;
2,3-Dihydro-benzofuran-4-carboxylic acid {(18,38,5S)-2-[2-methyl-5-(3-
trifluoromethyl-phenyl)-thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -
amide;

2,3-Dihydro-benzofuran-4-carboxylic acid  {(1S,3S,5S)-2-[5-(4-bromo-phenyl)-2-
methyl-thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide;
2,3-Dihydro-benzofuran-4-carboxylic acid {(1S,3S,5S)-2-[5-(3,5-dimethyl-phenyl)-2-
methyl-thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide;
2,3-Dihydro-benzofuran-4-carboxylic  acid  {(1S,3S,5S)-2-[5-(3-bromo-4-fluoro-
phenyl)-2-methyl-thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide;
2,3-Dihydro-benzofuran-4-carboxylic acid {(1S,3S,55)-2-[5-(3,4-difluoro-phenyl)-2-
methyl-thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide;
2,3-Dihydro-benzofuran-4-carboxylic acid {(1S,3S,5S)-2-[5-(2,4-dimethyl-phenyl)-2-
methyl-thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide;
2,3-Dihydro-benzofuran-4-carboxylic acid {(1S,3S,55)-2-[5-(3,4-dichloro-phenyl)-2-
methyl-thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide;
2,3-Dihydro-benzofuran-4-carboxylic acid {(1S,3S,5S)-2-[5-(3,4-dimethyl-phenyl)-2-
methyl-thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide;
2,3-Dihydro-benzofuran-4-carboxylic acid {(1S,3S,55)-2-[5-(3-acetylamino-phenyl)-
2-methyl-thiazole-4-carbonyl]-2-azabicyclo[3.3.0]octane-3-ylmethyl } -amide;
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2,3-Dihydro-benzofuran-4-carboxylic acid [(1S,3S,5S)-2-(2-methyl-5-phenyl-
thiazole-4-carbonyl)-2-azabicyclo[3.3.0]octane-3-ylmethyl]-amide; and
2,3-Dihydro-benzofuran-4-carboxylic acid [(18S,3S,5S)-2-(2-cyclopropyl-5-phenyl-
thiazole-4-carbonyl)-2-azabicyclo[3.3.0]octane-3-ylmethyl]-amide;

or a pharmaceutically acceptable salt thereof.

11. A pharmaceutical composition containing, as active principle, a compound of
formula (I) according to claim 1, or a pharmaceutically acceptable salt thereof, and at

least one therapeutically inert excipient.

12. A compound of any one of claims 1 to 10, or a pharmaceutically acceptable salt

thereof, for use as medicament.

13. Use of a compound according to any of claims 1 to 10, or of a pharmaceutically
acceptable salt thereof, for the preparation of a medicament for the prevention or
treatment of a disease seclected from the group consisting of all types of sleep
disorders, of stress-related syndromes, of psychoactive substance use and abuse, of
cognitive dysfunctions in the healthy population and in psychiatric and neurologic

disorders, of eating or drinking disorders.

14. A compound of any one of claims 1 to 10, or a pharmaceutically acceptable salt
thereof, for the prevention or treatment of a disease selected from the group consisting
of all types of sleep disorders, of stress-related syndromes, of psychoactive substance
use and abuse, of cognitive dysfunctions in the healthy population and in psychiatric

and neurologic disorders, of eating or drinking disorders.
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