
Act 165A 2-Aza-bicyclo[2.2. 1jheptane derivatives The present invention
relates to 2-aza-bicyclo[2.2.1]heptane 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 (OXi and OX receptors). The orexin-1 receptor
(OXi) is selective for OX-A, and the orexin-2 receptor (OX ) 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[2.2.1]heptane derivatives, which are
nonpeptide antagonists of human orexin receptors. These compounds are in
particular of potential use in the treatment of e.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 OXi or OX , or both receptors at the same time. Piperidine
derivatives useful as orexin receptor antagonists are disclosed in
WOO1/096302. N-Aroyl cyclic amine derivatives are disclosed in WO02/090355.
The present invention describes for the first time
2-aza-bicyclo[2.2.1]heptane derivatives as orexin receptor antagonists.1) A
first aspect of the invention relates to compounds of formula (I) wherein
the stereogenic centers are in absolute (lR,3S,4S)-configuration Formula
(I) wherein A represents aryl or heterocyclyl, wherein the aryl or
heterocyclyl is unsubstituted or independently mono- or di-substituted,
wherein the substituents are independently selected from the group
consisting of (Ci_4)alkyl, (C3-6)cycloalkyl, (C2-6)alkinyl, (Ci_4)alkoxy,
NR2R3, halogen, (Ci_4)alkoxy-(Ci_4)alkoxy, and unsubstituted or
independently mono- or di-substituted phenyl or pyridyl, wherein the
substituents are independently selected from the group consisting of
(Ci_4)alkyl, (Ci_4)alkoxy, trifluoromethyl, trifluoromethoxy, fluorine and
chlorine; B represents an aryl- or heterocyclyl-group, wherein the aryl or
heterocyclyl is unsubstituted or independently mono-, di-, or
tri-substituted, wherein the substituents are independently selected from
the group consisting of (Ci_4)alkyl, (Ci_4)alkoxy, trifluoromethyl,
trifluoromethoxy, -NR4R5, -NHSO2-(Ci_4)alkyl, -N(R4)C(O)R 5 and halogen; or
B represents a benzo[l,3]dioxolyl group n represents the integer 0 or 1; R1
represents heterocyclyl, wherein the heterocyclyl is unsubstituted or
mono-, di-, or trisubstituted wherein the substituents are independently
selected from the group consisting of (Ci_4)alkyl, (Ci_4)alkoxy, halogen,
trifluoromethyl and -NR4R5; or R1 represents a lH-indenyl, a
2,3-dihydro-benzofuranyl-, a benzo[l,3]dioxolyl-, a 2,3-
dihydro-benzo[l,4]dioxinyl-, a 4H-benzo[l,3]dioxinyl-, a 2H-chromenyl-, a
chromanyl-, a 2,3-dihydro-thieno[3,4-b][l,4]dioxinyl-, a
3,4-dihydro-2H-benzo[l,4]oxazinyl- or a 2,3,6,7-tetrahydro-benzo[l,2-b;
4,5-b']difuranyl-group; wherein said groups are unsubstituted, mono- or
di-substituted wherein the substituents are independently selected from the
group consisting of (Ci_4)alkyl, (Ci_4)alkoxy and halogen;R2 represents
hydrogen or (Ci_4)alkyl; R3 represents hydrogen or (d_ 4)alkyl; or R2 and
R3 together with the nitrogen to which they are attached to form a
pyrrolidine ring; R4 represents hydrogen or (Ci_4)alkyl; and R5 represents
hydrogen or (d_ 4)alkyl. 2) A second aspect of the invention relates to
compounds of formula (I) according to embodiment 1), which compounds are
also compounds of formula (Ip), wherein the stereogenic centers are in
absolute (lR,3S,4S)-configuration: Formula (IP) wherein A represents aryl
or heterocyclyl, wherein the aryl or heterocyclyl is unsubstituted or
independently mono- or di-substituted, wherein the substituents are
independently selected from the group consisting of (Ci_4)alkyl,
(C3_6)cycloalkyl, (C2-6)alkinyl, (Ci_4)alkoxy, NR2R3, halogen, and
unsubstituted or independently mono- or di-substituted phenyl or pyridyl,
wherein the substituents are independently selected from the group
consisting of (Ci_4)alkyl, (Ci_4)alkoxy, trifluoromethyl, trifluoromethoxy,
fluorine and chlorine; B represents an aryl- or heterocyclyl-group, wherein
the aryl or heterocyclyl is unsubstituted or independently mono-, di-, or
tri-substituted, wherein the substituents are independently selected from
the group consisting of (Ci_4)alkyl, (Ci_4)alkoxy, trifluoromethyl, -NR4R5,
-NHSO2-(C i _4)alkyl, -N(R4)C(O)R5 and halogen; n represents the integer 0
or 1;R1 represents heterocyclyl, wherein the heterocyclyl is unsubstituted
or mono-, di-, or trisubstituted wherein the substituents are independently
selected from the group consisting of (Ci_4)alkyl, (Ci_4)alkoxy, halogen,
trifluoromethyl and -NR4R5; or R1 represents a lH-indenyl, a
2,3-dihydro-benzofuranyl-, a benzo[l,3]dioxolyl-, a 2,3-
dihydro-benzo[l,4]dioxinyl-, a 4H-benzo[l,3]dioxinyl-, a 2H-chromenyl-, a
chromanyl-, a 2,3-dihydro-thieno[3,4-b][l,4]dioxinyl-, a
3,4-dihydro-2H-benzo[l,4]oxazinyl- or a 2,3,6,7-tetrahydro-benzo[l,2-b;
4,5-b']difuranyl-group; wherein said groups are unsubstituted, mono- or
di-substituted wherein the substituents are independently selected from the
group consisting of (Ci_4)alkyl, (Ci_4)alkoxy and halogen; R2 represents
hydrogen or (d_ 4)alkyl; and R represents hydrogen or (Ci_4)alkyl; R4
represents hydrogen or (d_ 4)alkyl; and R5 represents hydrogen or
(Ci_4)alkyl. 



The invention also relates to salts, especially pharmaceutically acceptable
salts, of the compounds of formula (I) . The compounds of formula (I) may
contain one or more stereogenic or asymmetric centers, such as one or more
asymmetric carbon atoms. The compounds of formula (I) may thus be present
as mixtures of stereoisomers or preferably as pure stereoisomers. Mixtures
of stereoisomers may be separated in a manner known to a person skilled in
the art. In this patent application, an arrow shows the point of attachment
of the radical drawn. For example, the radical drawn below is the
5-(4-fluoro-phenyl)-2-methyl-thiazol-4-yl group. The term "halogen" means
fluorine, chlorine, bromine or iodine, preferably fluorine or chlorine,
most preferably fluorine. The term "(Ci_4)alkyl", alone or in combination,
means a straight-chain or branched-chain alkyl group with 1 to 4 carbon
atoms. Examples of (Ci_4)alkyl groups are methyl, ethyl, propyl, isopropyl,
n-butyl, isobutyl, sec. -butyl or tert.-butyl. Preferred are methyl and
ethyl. Most preferred is methyl.The term "(C2-6)alkinyl", alone or in
combination, means a straight-chain or branchedchain alkinyl group with 2
to 6 carbon atoms. Examples of (C2-6)alkinyl groups are ethinyl,
1-propinyl, 1-butinyl, 3-methyl- 1-butinyl, 1-pentinyl,
3,3-dimethyl-l-butinyl, 3-methyl- 1-pentinyl, 4-methyl- 1-pentinyl or
1-hexinyl. Preferred is ethinyl. The term "(C3_6)cycloalkyl", alone or in
combination, means a cycloalkyl group with 3 to 6 carbon atoms. Examples of
(C3-6)cycloalkyl groups are cyclopropyl, cyclobutyl, cyclopentyl or
cyclohexyl. Preferred is cyclopropyl. The term "(Ci_4)alkoxy", alone or in
combination, means a group of the formula (Ci_4)alkyl-O- in which the term
"(Ci_4)alkyl" has the previously given significance, such as methoxy,
ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec.-butoxy or
tertbutoxy. 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 is unsubstituted or
substituted as explicitly defined. In case "A" represents "aryl" the term
means the above-mentioned group which is unsubstituted (preferred) or mono-
or di-substituted, wherein the substituents are independently selected from
the group consisting of (Ci_4)alkyl, (C3_6)cycloalkyl, (C2- 6)alkinyl,
(Ci_4)alkoxy, NR2R3, halogen, (Ci_4)alkoxy-(Ci_4)alkoxy, and unsubstituted
or independently mono- or di-substituted phenyl or pyridyl, wherein the
substituents are independently selected from the group consisting of
(Ci_4)alkyl, (Ci_4)alkoxy, trifluoromethyl, trifluoromethoxy, fluorine and
chlorine. Notably, the substituents are independently selected from the
group consisting of (Ci_4)alkyl, (C3_6)cycloalkyl, (C2- 6)alkinyl,
(Ci_4)alkoxy, -NR2R3, halogen, and unsubstituted or independently mono- or
disubstituted phenyl or pyridyl, wherein the substituents are independently
selected from the group consisting of (Ci_4)alkyl, (Ci_4)alkoxy,
trifluoromethyl, trifluoromethoxy, fluorine and chlorine. Preferably the
substituents are independently selected from the group consisting of
(Ci_4)alkyl, (C3-6)cycloalkyl, (Ci_4)alkoxy, and -NR2R3. A preferred
example wherein "A" represents "aryl" is unsubstituted phenyl. In addition
to the above-mentioned substituents, the substituent "A" is also
substituted by the substituent "B", wherein B is preferably attached in
ortho position to the point of attachment of the carbonyl group which links
A to the 2-aza-bicyclo[2.2. ljheptane moiety. In case "B" represents "aryl"
the term means the above-mentioned group which is unsubstituted or mono-,
di-, or tri-substituted, wherein the substituents are independentlyselected
from the group consisting of (Ci_4)alkyl, (Ci_4)alkoxy, trifluoromethyl,
trifluoromethoxy, -NR4R5, -NHSO2-(C i _4)alkyl, -N(R4)C(O)R 5 and halogen.
Notably, the substituents are independently selected from the group
consisting of (Ci_4)alkyl, (C1- 4)alkoxy, trifluoromethyl, -NR4R5,
-NHSO2-(C )alkyl, -N(R4)C(O)R 5 and halogen. Preferred examples wherein "B"
represents "aryl" are unsubstituted or mono-, di-, or trisubstituted phenyl
(preferred unsubstituted, mono- or di-substituted phenyl, especially
preferred unsubstituted or mono-substituted phenyl), wherein the
substituents are independently selected from the group consisting of
(Ci_4)alkyl, (Ci_4)alkoxy, trifluoromethyl and halogen. In addition to the
above-mentioned substituents, the substituent "B" is attached to the
substituent "A". Examples wherein "B" represents "aryl" are phenyl,
3-methylphenyl, 4-methylphenyl, 3,4- dimethylphenyl, 3,5-dimethylphenyl,
3-methoxyphenyl, 2-fluorophenyl, 3-fluorophenyl, 4- fluorophenyl,
3,4-difluorophenyl, 3-chlorophenyl, 2,3-dichlorophenyl, 3,4-dichlorophenyl,
3-trifluoromethylphenyl, 3-fluoro-2-methylphenyl, 3-fluoro-4-methylphenyl
and 3-bromo- 4-fluorophenyl. Preferred examples are phenyl, 3-methylphenyl,
4-methylphenyl, 3,4- dimethylphenyl, 3-methoxyphenyl, 3-fluorophenyl,
3-chlorophenyl and 3-bromo-4- fluorophenyl. In addition to the above-listed
groups, further examples are 4- methoxyphenyl, 3,4-dimethoxyphenyl, and
3-trifluoromethoxyphenyl. In case "A" and "B" both represent "aryl" the
combination "A-B" preferably means a biphenyl group which is unsubstituted
or mono- or di-substituted for "A" and unsubstituted or mono-, di- or
tri-substituted for "B", wherein the substituents are independently
selected from the group consisting of (Ci_4)alkyl, (Ci_4)alkoxy,
trifluoromethyl and halogen. Preferred examples wherein "A" and "B" both
represents "aryl" are biphenyl groups which are unsubstituted (preferred)
or mono- or di-substituted for "A" and unsubstituted or mono- , di- or
tri-substituted (preferred unsubstituted, mono- or di-substituted) for "B",
wherein the substituents are independently selected from the group
consisting of (Ci_4)alkyl and halogen. Especially preferred examples
wherein "A" and "B" both represents "aryl" are biphenyl groups which are
unsubstituted for "A" and mono-substituted for "B", wherein the substituent
is halogen. Examples of such a combination "A-B" are:The term
"heterocyclyl", alone or in combination, means a 5- to 10-membered
monocyclic or bicyclic aromatic ring containing 1, 2 or 3 heteroatoms
independently selected from oxygen, nitrogen and sulfur. Examples of such
heterocyclyl groups are furanyl, oxazolyl, isoxazolyl, oxadiazolyl,
thienyl, thiazolyl, isothiazolyl, thiadiazolyl, pyrrolyl, imidazolyl,
pyrazolyl, triazolyl, pyridyl, pyrimidyl, pyridazinyl, pyrazinyl, indolyl,
isoindolyl, benzofuranyl, isobenzofuranyl, benzothiophenyl, indazolyl,
benzimidazolyl, benzoxazolyl, benzisoxazolyl, benzothiazolyl,
benzoisothiazolyl, benzotriazolyl, benzoxadiazolyl, benzothiadiazolyl,
quinolinyl, isoquinolinyl, naphthyridinyl, cinnolinyl, quinazolinyl,
quinoxalinyl, phthalazinyl, pyrazolo[l,5-a]pyridyl,
pyrazolo[l,5-a]pyrimidyl, imidazo[l,2- ajpyridyl, pyrrolo[2,l-b] thiazolyl
or imidazo[2,l-b]thiazolyl. The above-mentioned heterocyclyl groups are
unsubstituted or mono-, di-, or tri-substituted as explicitly defined. In
case "A" represents "heterocyclyl" the term means the above-mentioned
heterocyclyl groups which are unsubstituted or mono- or di-substituted
(preferred unsubstituted or mono-substituted) wherein the substituents are
independently selected from the group 



consisting of (Ci_4)alkyl, (C3_6)cycloalkyl, (C2-6)alkinyl, (d_ 4)alkoxy,
NR2R3, halogen, (C1- 4)alkoxy-(Ci_4)alkoxy, and unsubstituted or
independently mono- or di-substituted phenyl or pyridyl, wherein the
substituents are independently selected from the group consisting of
(Ci_4)alkyl, (Ci_4)alkoxy, trifluoromethyl, trifluoromethoxy, fluorine and
chlorine. Notably, the substituents are independently selected from the
group consisting of (C1- 4)alkyl, (C3-6)cycloalkyl, (C2-6)alkinyl,
(Ci_4)alkoxy, NR2R3, halogen, and unsubstituted or independently mono- or
di-substituted phenyl or pyridyl, wherein the substituents are
independently selected from the group consisting of (Ci_4)alkyl,
(Ci_4)alkoxy, trifluoromethyl, trifluoromethoxy, fluorine and chlorine.
Preferably the substituents are independently selected from the group
consisting of (Ci_4)alkyl, (C3_6)cycloalkyl, (C1- 4)alkoxy, and -NR2R3. In
a further preferred embodiment, in case "A" represents "heterocyclyl" the
term means a 5- to 6-membered (preferably 5-membered) monocyclic
heterocyclyl group as defined above (such as pyrimidinyl, pyrazinyl,
oxazolyl, thiophenyl, or thiazolyl (notably pyrimidinyl, oxazolyl or
thiazolyl); especially pyrimidinyl or thiazolyl; most preferred thiazolyl,
especially thiazol-4-yl) which is unsubstituted or monosubstituted, wherein
the substituent is selected from the group consisting of
(Ci_4)alkyl,(C3-6)cycloalkyl, (Ci_4)alkoxy and NR2R3. Preferred examples
wherein "A" represents "heterocyclyl" are unsubstituted or mono-substituted
heterocyclyl as mentioned above wherein the substituent is selected from
(Ci_4)alkyl, (C3_6)cycloalkyl and NR2R3. In a subembodiment, in case A
represents a pyrazinyl- or a thiophenyl group, such group is preferably
unsubstituted. In addition to the above-mentioned substituents, the
substituent "A" is also substituted by the substituent "B", wherein B is
preferably attached in ortho position to the point of attachment of the
carbonyl group which links A to the 2-azabicyclo [2.2.1]heptane moiety.
Particular examples wherein "A" represents "heterocyclyl" are thiazol-4-yl,
2-methylthiazol- 4-yl, 2-amino-thiazol-4-yl, 2-dimethylamino-thiazol-4-yl,
2-methyl-ethyl-aminothiazole- 4-yl, 2-diethylamino-thiazole-4-yl,
2-methylamino-thiazol-4-yl, 2-ethylaminothiazol- 4-yl,
2-(l-pyrrolidino)-thiazol-4-yl, 2-cyclopropyl-thiazol-4-yl,
2-methoxy-thiazol- 4-yl, 2-ethoxy-thiazol-4-yl, and
2-(2-methoxy-ethoxy)-thiazole-4-yl, wherein B is attached in position 5 of
the above thiazol-4-yl groups; 2-methyl-oxazol-4-yl, wherein B is attached
in position 5 of the above oxazol-4-yl group; pyrazin-2-yl, wherein B is
attached in position 3 to the pyrazin-2-yl group; 2-methyl-pyrimidin-5-yl,
wherein B is attached in position 6 to the pyrimidin-5-yl group; and
thiophen-2-yl, wherein B is attached in position 3 of the above
thiophen-2-yl group. In a sub-embodiment, particular examples are thiazol-
4-yl, 2-methyl-thiazol-4-yl, 2-amino-thiazol-4-yl,
2-dimethylamino-thiazol-4-yl, and 2- cyclopropyl-thiazol-4-yl, wherein B is
attached in position 5 of the above thiazol-4-yl groups Preferred are
2-methyl-thiazol-4-yl, 2-dimethylamino-thiazol-4-yl and 2-
cyclopropyl-thiazol-4-yl. In one embodiment, particular examples of groups
wherein "A" represents "heterocyclyl" and one of the substituents is
represented by "B" are: HNV >V A cfIn a further embodiment and in addition
to the above-listed groups, further examples of such groups are: In a
further embodiment and in addition to the above-listed groups, further
examples of such groups are: In a further embodiment and in addition to the
above-listed groups, further examples of such groups are: In case "B"
represents "heterocyclyl" the term means the above-mentioned heterocyclyl
groups which are unsubstituted (preferred) or mono-, di-, or
tri-substituted wherein the substituents are independently selected from
the group consisting of (Ci_4)alkyl, (Ci_4)alkoxy, trifluoromethyl, -NR4R5,
-NHSO2-(C i _4)alkyl, -N(R4)C(O)R5 and halogen. Especially, the
substituents are independently selected from the group consisting of
(Ci_4)alkyl, (Ci_4)alkoxy, trifluoromethyl, and halogen. Examples wherein
"B" represents "heterocyclyl" are thienyl, thiazolyl, isothiazolyl,
thiadiazolyl, pyrazolyl, pyridyl,pyrimidyl, pyridazinyl, and pyrazinyl. In
addition to the above-listed examples, a particular example is indanyl
(notably indan-6-yl). In addition to the above-mentioned substituents, the
substituent "B" is attached to the substituent "A". In case R1 represents
"heterocyclyl" the term means the above-mentioned heterocyclyl groups which
are unsubstituted or mono-, di-, or tri-substituted (preferred
unsubstituted or mono- or di-substituted, especially preferred
unsubstituted or mono-substituted) wherein the substituents are
independently selected from the group consisting of (Ci_4)alkyl,
(Ci_4)alkoxy, halogen, trifluoromethyl and -NR4R5. In a further preferred
embodiment, in case R1 represents "heterocyclyl" the term means the
above-mentioned heterocyclyl groups which are unsubstituted or mono-, di-,
or tri-substituted (preferred unsubstituted or monosubstituted) wherein the
substituents are independently selected from the group consisting of
(Ci_4)alkyl, (Ci_4)alkoxy and halogen. In a further preferred embodiment,
in case R1 represents "heterocyclyl" the term means the above-mentioned
heterocyclyl groups which are unsubstituted or mono-, di-, or
tri-substituted (preferred unsubstituted or monosubstituted) wherein the
substituents are independently selected from the group consisting of
(Ci_4)alkyl. In a further preferred embodiment, in case R1 represents
"heterocyclyl" the term means the above-mentioned heterocyclyl groups which
are unsubstituted or mono-, di-, or tri-substituted (preferred
unsubstituted or mono-substituted) wherein the substituent is methyl. In
another embodiment, in case n represents the integer 1, preferred examples
wherein "R1" represents "heterocyclyl" are unsubstituted or mono-, di-, or
tri-substituted (preferred unsubstituted or mono-substituted) heterocyclyl;
wherein the heterocyclyl is selected from the group consisting of
isoxazolyl, thiazolyl, pyrazolyl, pyridyl, indolyl, benzofuranyl,
benzothiophenyl, indazolyl, benzimidazolyl, benzoxazolyl, benzisoxazolyl,
benzothiazolyl, benzoisothiazolyl, benzothiadiazolyl, quinoxalinyl,
quinolinyl, isoquinolinyl, pyrrolo[2,lb] thiazolyl, imidazo[l,2-a]pyridyl
and imidazo[2,l-b]thiazolyl; notably, the heterocyclyl is selected from the
group consisting of thiazolyl, pyrazolyl, pyridyl, indolyl, benzofuranyl,
benzothiophenyl, indazolyl, benzimidazolyl, benzoxazolyl, benzisoxazolyl,
benzothiazolyl, benzoisothiazolyl, benzothiadiazolyl, quinolinyl,
isoquinolinyl, pyrrolo[2,l-b]thiazolyl, imidazo[l,2-a]pyridyl and
(especially) imidazo[2,l-b]thiazolyl (especially the heterocyclyl is
selected from thiazolyl, pyrazolyl, pyridyl, indolyl, benzofuranyl,
indazolyl, benzimidazolyl, benzoxazolyl, benzisoxazolyl, benzothiazolyl,
quinolinyl, pyrrolo[2,lb]thiazolyl, imidazo[l,2-a]pyridyl and (especially)
imidazo[2,l-b]thiazolyl); wherein the substituents are independently
selected from (Ci_4)alkyl, (Ci_4)alkoxy and halogen. In another embodiment,
in case n represents the integer 1, particular examples wherein "R1"
represents "heterocyclyl" are pyrazol-3-yl, indol-2-yl, indol-3-yl,
benzofuran-4-yl, indazol-3-yl, benzimidazol-2-yl, benzimidazol-5-yl,
benzoxazol-4-yl, benzisoxazol-3-yl, benzthiazol-7-yl, quinolin-8-yl,
pyrrolo[2,l-b]thiazol-7-yl, imidazo[l,2-a]pyridine-3-yl and 



imidazo[2,l-b]thiazol-5-yl (especially imidazo[2,l-b]thiazol-5-yl). In
addition to the above-listed examples, further examples are
5-ethyl-3-methyl-isoxazole-4-yl, 3-ethyl-5- methyl-isoxazole-4-yl,
quinoxaline-5-yl, and benzo[d]isothiazol-3-yl. The abovementioned
heterocyclyl groups are unsubstituted, mono-, di-, or tri-substituted
(preferred unsubstituted or mono-substituted), wherein the substituents are
independently selected from the group consisting of (Ci_4)alkyl,
(Ci_4)alkoxy and halogen. In particular, the above mentioned "heterocyclyl"
groups as used for the substituent "R1" are preferably substituted as
follows: pyrazolyl groups are di-substituted with (Ci_4)alkyl; indolyl
groups are unsubstituted or di-substituted independently with (Ci_4)alkyl
(especially methyl) or halogen; benzofuranyl groups are unsubstituted;
indazolyl groups are unsubstituted or mono-substituted with (Ci_4)alkyl
(especially methyl); benzimidazolyl groups are mono- or di-substituted with
(Ci_4)alkyl (especially methyl); benzoxazolyl groups are mono-substituted
with (Ci_4)alkyl (especially methyl); benzisoxazolyl groups are
unsubstituted; benzthiazolyl groups are unsubstituted; quinolinyl groups
are unsubstituted; pyrrolo[2,l-b]thiazolyl groups are mono-substituted with
(Ci_4)alkyl (especially methyl); imidazo[l,2-a]pyridinyl groups are
unsubstituted; and imidazo[2,l-b] thiazolyl groups are mono-substituted
with (Ci_4)alkyl (especially methyl); further, benzoisothiazolyl groups are
unsubstituted; quinoxalinyl groups are unsubstituted; and isoxazolyl groups
are di-substituted with (Ci_4)alkyl.Particular examples wherein R1
represents "heterocyclyl" are: In a further embodiment, and in addition to
the above-listed groups, further examples are: In another embodiment, in
case n represents the integer 0, a preferred example wherein "R1"
represents "heterocyclyl" is mono- or di-substituted heterocyclyl; wherein
the heterocyclyl is pyrimidyl (especially pyrimidin-2-yl); wherein the
substituents are independently selected from (Ci_4)alkyl, (Ci_4)alkoxy,
halogen, trifluoromethyl and -NR2R3. Especially, said pyrimidinyl is
mono-substituted with halogen. A particular example is
5-bromo-pyrimidin-2-yl. In case R1 is different from "heterocyclyl", it
presents a lH-indenyl, a 2,3-dihydrobenzofuranyl-, a benzo[l,3]dioxolyl-, a
2,3-dihydro-benzo[l,4]dioxinyl-, a 4Hbenzo[ l,3]dioxinyl-, a 2H-chromenyl-,
a chromanyl-, a 2,3-dihydro-thieno[3,4- b][l,4]dioxinyl-, a
3,4-dihydro-2H-benzo[l,4]oxazinyl- or a 2,3,6,7-tetrahydro-benzo[l,2- b;
4,5-b']difuranyl-group. Especially it presents a
2,3-dihydro-benzo[l,4]dioxinyl-, a 2,3-
dihydro-thieno[3,4-b][l,4]dioxinyl-, a 3,4-dihydro-2H-benzo[l,4]oxazinyl-
or a 2,3,6,7- tetrahydro-benzo[l,2-b;4,5-b']difuranyl-group. The
above-mentioned groups as used for the substituent R1 are unsubstituted or
mono- or di-substituted wherein the substituents are independently selected
from the group consisting of (Ci_4)alkyl, (Ci_4)alkoxy and halogen.
Preferably the above-mentioned groups are unsubstituted or mono-substituted
with (Ci_4)alkyl. In particular, in case R1 is different from
"heterocyclyl", the above mentioned groups as used for the substituent "R1"
are preferably substituted as follows: 4H-benzo[l,3]dioxinyl-groups
(especially 4H-benzo[l,3]dioxin-8-yl or 4Hbenzo[ l,3]dioxin-5-yl) are
preferably unsubstituted, or mono-substituted in position 6 with fluoro;
3,4-dihydro-2H-benzo[l,4]oxazinyl-groups (especially
3,4-dihydro-2Hbenzo[l,4]oxazin-5-yl) are preferably unsubstituted, or
mono-substituted on the nitrogen atom with methyl (especially preferred:
unsubstituted); 2,3-dihydro-benzofuranyl-groups (especially
2,3-dihydro-benzofuran-4-yl (preferred) or 2,3-dihydro-benzofuran-7-yl),
benzo[l,3]dioxolyl-groups (especially benzo[l,3]dioxol-4-yl),
2,3-dihydrobenzo[ l,4]dioxinyl- (especially
2,3-dihydro-benzo[l,4]dioxin-5-yl), 2H-chromenyl (especially chromen-5-yl),
chromanyl- (especially chroman-5-yl or chroman-8-yl), 2,3-
dihydro-thieno[3,4-b][l,4] dioxinyl- (especially
2,3-dihydro-thieno[3,4-b][l,4]dioxin-5- yl), and
2,3,6,7-tetrahydro-benzo[l,2-b;4,5-b']difuranyl-groups (especially 2,3,6,7-
tetrahydro-benzo[l,2-b;4,5-b']difuran-4-yl) are preferably unsubstituted.
The term "NR2R3" as used for formula (I) means for example NH2 and N(CH3)2,
NH(CH3), N(CH2CHs)2, NH(CH2CH3), N(CH3)(CH2CH3), and 1-pyrrolidino
(especially it means NH2 andN(CH 3)2) . The term "NR2R3" as used for
formula (Ip) means for example NH2 and N(CH3)2. The term "NR4R5" means for
example NH2 and N(CH3)2. The term "-NHSO2-(Ci_4)alkyl" means for example
-NHSO2-CH3. The term "-N(R4)C(O)R5" means for example the group -NHC(O)CH3.
The term "(Ci_4)alkoxy-(Ci_4)alkoxy" means for example the group
CH3-O-CH2-CH2-O-. Further embodiments of the invention are presented
hereinafter: 3) A further embodiment of the invention relates to compounds
according to embodiments 1) or 2), wherein n represents the integer 1. 4) A
further embodiment of the invention relates to compounds according to any
one of embodiments 1) to 3), wherein A represents phenyl or 5- to
6-membered monocyclic heterocyclyl, wherein the phenyl or heterocyclyl is
unsubstituted or independently mono- or di-substituted, wherein the
substituents are independently selected from the group consisting of
(Ci_4)alkyl, (C3_6)cycloalkyl, (Ci_4)alkoxy, NR2R3 and halogen. 5) A
further embodiment of the invention relates to compounds according to any
one of embodiments 1) to 4), whereinB represents aryl, wherein the aryl is
unsubstituted or mono-, di-, or tri-substituted, wherein the substituents
are independently selected from the group consisting of (Ci_4)alkyl,
(Ci_4)alkoxy, trifluoromethyl and halogen. 6) A further embodiment of the
invention relates to compounds according to any one of embodiments 1) to
5), wherein R1 represents heterocyclyl, wherein the heterocyclyl is
unsubstituted or mono-, di-, or trisubstituted, wherein the substituents
are independently selected from the group consisting of (Ci_4)alkyl, (d_
4)alkoxy and halogen; or R1 represents a lH-indenyl, a
2,3-dihydro-benzo[l,4]dioxinyl-, a 2,3-dihydro-thieno[3,4-b]
[l,4]dioxinyl-, a 3,4-dihydro-2H-benzo[l,4]oxazinyl- or a
2,3,6,7-tetrahydro-benzo[l,2-b; 4,5-b']difuranyl-group, wherein said groups
are unsubstituted or mono- or di-substituted wherein the substituents are
independently selected from the group consisting of (Ci_4)alkyl,
(Ci_4)alkoxy and halogen. 7) A further embodiment of the invention relates
to compounds according to any one of embodiments 1) to 6), wherein R1
represents heterocyclyl, wherein the heterocyclyl is unsubstituted or
mono-, di-, or trisubstituted, wherein the substituents are independently
selected from the group consisting of (Ci_4)alkyl, (Ci_4)alkoxy and
halogen. 8) A further embodiment of the invention relates to compounds
according to any one of embodiments 1) to 7), wherein A represents 5- to
6-membered monocyclic heterocyclyl, wherein the heterocyclyl is 



unsubstituted or mono-substituted wherein the substituent is selected from
the group consisting of (Ci_4)alkyl, (C3-6)cycloalkyl and NR2R3. 9) A
further embodiment of the invention relates to compounds according to any
one of embodiments 1) to 7), wherein, in case R1 represents heterocyclyl,
said heterocyclyl is selected from isoxazolyl, thiazolyl, pyrazolyl,
pyridyl, indolyl, benzofuranyl, benzothiophenyl, indazolyl, benzimidazolyl,
benzoxazolyl, benzisoxazolyl, benzothiazolyl, benzoisothiazolyl,
benzothiadiazolyl, quinoxalinyl, quinolinyl, isoquinolinyl,
pyrrolo[2,l-b]thiazolyl, imidazo[l,2-a]pyridyl and imidazo[2,l-b]thiazolyl,
wherein said heterocyclyl is unsubstituted or mono-, di-, or
trisubstituted, wherein the substituents are independently selected from
the group consisting of (Ci_4)alkyl, (Ci_4)alkoxy and halogen.10) A further
embodiment of the invention relates to compounds according to any one of
embodiments 1) to 7), wherein, in case R1 represents heterocyclyl, said
heterocyclyl is selected from thiazolyl, pyrazolyl, pyridyl, pyrimidyl,
indolyl, benzofuranyl, indazolyl, benzimidazolyl, benzoxazolyl,
benzisoxazolyl, benzothiazolyl, quinolinyl, pyrrolo[2,l-b]thiazolyl,
imidazo[l,2-a]pyridyl and imidazo[2,l-b]thiazolyl, wherein said
heterocyclyl is unsubstituted or mono-, di-, or tri-substituted, wherein
the substituents are independently selected from the group consisting of
(Ci_4)alkyl, (Ci_4)alkoxy and halogen. 11) A further embodiment of the
invention relates to compounds according to any one of embodiments 1) to 7)
or 9) to 10), wherein A represents an oxazolyl-, a thiazolyl-, a
pyrimidinyl-, a thiophenyl-, a pyrimidinyl-, or a pyrazinyl-group (notably
an oxazolyl-, a thiazolyl-, or a pyrimidinyl-group), wherein said group is
unsubstituted or mono-substituted, wherein the substituent is selected from
(C1- 4)alkyl, (C3-6)cycloalkyl, (C1-4)alkoxy and NR2R3. 12) A further
embodiment of the invention relates to compounds according to any one of
embodiments 1) to 11), wherein A represents a thiazolyl-group, wherein said
group is unsubstituted or mono-substituted, wherein the substituent is
selected from (Ci_4)alkyl, (C3_6)cycloalkyl and NR2R3. 13) A further
embodiment of the invention relates to compounds according to any one of
embodiments 1) to 7), 9) or 10), wherein A represents a phenyl-group,
wherein said group is unsubstituted or mono-substituted with (Ci_4)alkyl.
14) A further embodiment of the invention relates to compounds according to
any one of embodiments 1) to 7), 9) or 10), wherein A represents an
unsubstituted phenyl-group. 15) A further embodiment of the invention
relates to compounds according to any one of embodiments 1) to 11), wherein
A represents a pyrimidyl-group, wherein said group is mono-substituted with
(Ci_4)alkyl. 16) A further embodiment of the invention relates to compounds
according to any one of embodiments 1) to 11), wherein A represents an
unsubstituted pyrazinyl-group. 17) A further embodiment of the invention
relates to compounds according to any one of embodiments 1) to 11), wherein
A represents an unsubstituted thiophenyl-group.18) A further embodiment of
the invention relates to compounds according to any one of embodiments 1)
to 11), wherein A represents an oxazolyl-group, wherein said group is
mono-substituted with (Ci_4)alkyl. 19) A further embodiment of the
invention relates to compounds according to any one of embodiments 1), 3),
4), or 6) to 19), wherein B represents phenyl, wherein the phenyl is
unsubstituted or mono- or di-substituted, wherein the substituents are
independently selected from the group consisting of (Ci_4)alkyl,
(Ci_4)alkoxy, trifluoromethyl, trifluoromethoxy and halogen. 20) A further
embodiment of the invention relates to compounds according to any one of
embodiments 1) to 19), wherein B represents phenyl, wherein the phenyl is
unsubstituted or mono- or di-substituted, wherein the substituents are
independently selected from the group consisting of (Ci_4)alkyl,
(Ci_4)alkoxy, trifluoromethyl and halogen. 21) A further embodiment of the
invention relates to compounds according to any one of embodiments 1) to 8)
or 11) to 20), wherein R1 represents a lH-indenyl, a
2,3-dihydro-benzo[l,4]dioxinyl-, a 2,3-dihydro-thieno[3,4-b]
[l,4]dioxinyl-, a 3,4-dihydro-2H-benzo[l,4]oxazinyl- or a
2,3,6,7-tetrahydro-benzo[l,2-b; 4,5-b']difuranyl-group wherein said groups
are unsubstituted or mono- or di-substituted wherein the substituents are
independently selected from the group consisting of (C1-4) alkyl,
(Ci_4)alkoxy and halogen. 22) A further embodiment of the invention relates
to compounds according to any one of embodiments 1) to 8) or 11) to 20),
wherein R1 represents a 2,3-dihydro-benzo[l,4]dioxinyl-, a
2,3-dihydro-thieno[3,4-b][l,4]dioxinyl-, a
3,4-dihydro-2H-benzo[l,4]oxazinyl- or a 2,3,6,7-tetrahydro-benzo[l,2-b;
4,5-b']difuranylgroup wherein said groups are unsubstituted. 23) A further
embodiment of the invention relates to compounds according to any one of
embodiments 1) to 20), wherein, in case R1 represents heterocyclyl, said
heterocyclyl is selected from pyrrolo[2,l-b] thiazolyl and
imidazo[2,l-b]thiazolyl, wherein said heterocyclyl is unsubstituted or
monosubstituted with (C1-4)alkyl.24) A further embodiment of the invention
relates to compounds according to any one of embodiments 1) to 20),
wherein, in case R1 represents heterocyclyl, said heterocyclyl is
pyrimidyl, which is unsubstituted or mono- or di-substituted, wherein the
substituents are independently selected from (d_ 4)alkyl, (d_ 4)alkoxy and
halogen. 25) A further embodiment of the invention relates to compounds
according to any one of embodiments 1) to 20) or 24), wherein, in case R1
represents heterocyclyl, said heterocyclyl is pyrimidyl which is
mono-substituted with halogen. 26) A further embodiment of the invention
relates to compounds according to any one of embodiments 1), 2), 4) to 20),
or 24) to 25), wherein n represents the integer 0. 27) In another
embodiment of the invention examples of compounds according to embodiment
1) are selected from the group consisting of: Quinoline-8-carboxylic acid
{(lR,3S,4S)-2-[5-(3-chloro-phenyl)-2-methyl-thiazole-4-
carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide;
Quinoline-8-carboxylic acid
[(lR,3S,4S)-2-(2-methyl-5-m-tolyl-thiazole-4-carbonyl)-2- aza-bicyclo[2.2.
l]hept-3-ylmethyl]-amide;0 2,3-Dihydro-benzo[l,4]dioxine-5-carboxylic acid
{(lR,3S,4S)-2-[5-(3-chloro-phenyl)-2-
methyl-thiazole-4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide;
2,3-Dihydro-benzo[l,4]dioxine-5-carboxylic acid
{(lR,3S,4S)-2-[2-amino-5-(3-fluorophenyl)-
thiazole-4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide; 



Benzofuran-4-carboxylic acid
{(lR,3S,4S)-2-[5-(3-chloro-phenyl)-2-methyl-thiazole-4-
carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide;
Benzofuran-4-carboxylic acid
{(lR,3S,4S)-2-[2-amino-5-(3-fluoro-phenyl)-thiazole-4-
carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide;
Benzofuran-4-carboxylic acid
[(lR,3S,4S)-2-(2-methyl-4-phenyl-pyrimidine-5-carbonyl)- 2-aza-bicyclo[2.2.
l]hept-3-ylmethyl]-amide; 6-Methyl-imidazo[2,l-b]thiazole-5-carboxylic acid
{(lR,3S,4S)-2-[5-(3-chloro-phenyl)-2-
methyl-thiazole-4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide;
6-Methyl-imidazo[2,l-b]thiazole-5-carboxylic acid
{(lR,3S,4S)-2-[2-amino-5-(3-fluorophenyl)-
thiazole-4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide;
6-Methyl-imidazo[2,l-b]thiazole-5-carboxylic acid
[(lR,3S,4S)-2-(2-methyl-5-m-tolylthiazole-
4-carbonyl)-2-aza-bicyclo[2.2.1]hept-3-ylmethyl]-amide;
6-Methyl-imidazo[2,l-b]thiazole-5-carboxylic acid
[(lR,3S,4S)-2-(biphenyl-2-carbonyl)- 2-aza-bicyclo [2.2.1
]hept-3-ylmethyl]-amide; 6-Methyl-imidazo[2,l-b]thiazole-5-carboxylic acid
{(lR,3S,4S)-2-[5-(3-fluoro-phenyl)-2-
methyl-thiazole-4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide;
6-Methyl-imidazo[2,l-b]thiazole-5-carboxylic acid
[(lR,3S,4S)-2-(2-methyl-5-p-tolylthiazole-
4-carbonyl)-2-aza-bicyclo[2.2.1]hept-3-ylmethyl]-amide;
6-Methyl-imidazo[2,l-b]thiazole-5-carboxylic acid
{(lR,3S,4S)-2-[5-(3-bromo-4-fluorophenyl)-
2-methyl-thiazole-4-carbonyl]-2-aza-bicyclo[2.2.1]hept-3-ylmethyl} -amide;
6-Methyl-imidazo[2,l-b]thiazole-5-carboxylic acid
{(lR,3S,4S)-2-[5-(3,4-dimethylphenyl)-
2-methyl-thiazole-4-carbonyl]-2-aza-bicyclo[2.2.1]hept-3-ylmethyl} -amide;
6-Methyl-imidazo[2,l-b]thiazole-5-carboxylic acid
[(lR,3S,4S)-2-(2-dimethylamino-5-
phenyl-thiazole-4-carbonyl)-2-aza-bicyclo[2.2.1]hept-3-ylmethyl]-amide;
6-Methyl-imidazo[2,l-b]thiazole-5-carboxylic acid
{(lR,3S,4S)-2-[2-dimethylamino-5-(3-
fluoro-phenyl)-thiazole-4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl}
-amide; 6-Methyl-imidazo[2,l-b]thiazole-5-carboxylic acid
[(lR,3S,4S)-2-(2-methyl-5-phenylthiazole-
4-carbonyl)-2-aza-bicyclo[2.2.1]hept-3-ylmethyl]-amide;
6-Methyl-imidazo[2,l-b]thiazole-5-carboxylic acid
[(lR,3S,4S)-2-(2-cyclopropyl-5-
phenyl-thiazole-4-carbonyl)-2-aza-bicyclo[2.2.1]hept-3-ylmethyl]-amide;
6-Methyl-imidazo[2,l-b]thiazole-5-carboxylic acid
{(lR,3S,4S)-2-[5-(3-methoxy-phenyl)-
thiazole-4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide;
2,3,6,7-Tetrahydro-benzo[l,2-b;4,5-b']difuran-4-carboxylic acid
{(lR,3S,4S)-2-[2-amino-
5-(3-fluoro-phenyl)-thiazole-4-carbonyl]-2-aza-bicyclo[2.2.
1]hept-3-ylmethyl} -amide; 1-Methyl- lH-benzoimidazole-2-carboxylic acid
[(lR,3S,4S)-2-(2-dimethylamino-5-
phenyl-thiazole-4-carbonyl)-2-aza-bicyclo[2.2.1]hept-3-ylmethyl]-amide;
1-Methyl- lH-indazole-3-carboxylic acid
[(lR,3S,4S)-2-(2-dimethylamino-5-phenylthiazole-
4-carbonyl)-2-aza-bicyclo[2.2.1]hept-3-ylmethyl]-amide;
2-Methyl-benzooxazole-4-carboxylic acid
[(lR,3S,4S)-2-(2-dimethylamino-5-phenylthiazole-
4-carbonyl)-2-aza-bicyclo[2.2.1]hept-3-ylmethyl]-amide;
Benzothiazole-7-carboxylic acid
[(lR,3S,4S)-2-(2-dimethylamino-5-phenyl-thiazole-4-
carbonyl)-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl]-amide;
6-Methyl-pyrrolo[2,l-b]thiazole-7-carboxylic acid
[(lR,3S,4S)-2-(2-dimethylamino-5-
phenyl-thiazole-4-carbonyl)-2-aza-bicyclo[2.2.1]hept-3-ylmethyl]-amide;
1-Methyl- lH-benzoimidazole-2-carboxylic acid
{(lR,3S,4S)-2-[2-dimethylamino-5-(3-
fluoro-phenyl)-thiazole-4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl}
-amide; Benzothiazole-7-carboxylic acid
{(lR,3S,4S)-2-[2-dimethylamino-5-(3-fluoro-phenyl)-
thiazole-4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide;
l,2-Dimethyl-lH-indole-3-carboxylic acid
{(lR,3S,4S)-2-[2-dimethylamino-5-(3-fluorophenyl)-
thiazole-4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide;
5-Fluoro-1 -methyl- lH-indole-2-carboxylic acid
{(lR,3S,4S)-2-[2-dimethylamino-5-(3-
fluoro-phenyl)-thiazole-4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl}
-amide; and 2-Methyl-benzooxazole-4-carboxylic acid
{(lR,3S,4S)-2-[2-dimethylamino-5-(3-fluorophenyl)-
thiazole-4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide. 28) In
another embodiment, in addition to the compounds listed in embodiment 27),
further examples of compounds according to embodiment 1) are selected from
the group consisting of: Benzothiazole-7-carboxylic acid
{(R,S,S)-2-[5-(3-chloro-phenyl)-2-methoxy-thiazole-4-
carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide;
Benzothiazole-7-carboxylic acid
{(R,S,S)-2-[5-(3-chloro-phenyl)-2-ethoxy-thiazole-4-
carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide;
Benzothiazole-7-carboxylic acid
{(R,S,S)-2-[5-(3-chloro-phenyl)-2-(2-methoxy-ethoxy)-
thiazole-4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide;
Benzothiazole-7-carboxylic acid
{(R,S,S)-[2-(2-cyclopropyl-5-phenyl-thiazole-4-
carbonyl)-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl] }-amide;
Benzothiazole-7-carboxylic acid
{(R,R,S)-2-[2-cyclopropyl-5-(3-fluoro-phenyl)-thiazole-
4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide;
Benzothiazole-7-carboxylic acid
{(R,R,S)-2-[2-methyl-5-(3-trifluoromethyl-phenyl)-
thiazole-4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide;
Benzothiazole-7-carboxylic acid
{(R,R,S)-2-[2-dimethylamino-5-(3,4-dimethyl-phenyl)-
thiazole-4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide;
Benzothiazole-7-carboxylic acid
{(R,R,S)-2-[5-(3-chloro-phenyl)-2-dimethylaminothiazole-
4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide;
Benzothiazole-7-carboxylic acid
{(R,R,S)-2-[5-(3-chloro-phenyl)-2-(ethyl-methyl-amino)-
thiazole-4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide;
Benzothiazole-7-carboxylic acid
{(lR,3S,4S)-2-[5-(3-chloro-phenyl)-2-diethylaminothiazole-
4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide;
Benzothiazole-7-carboxylic acid
[(lR,3S,4S)-2-(3-p-tolyl-pyrazine-2-carbonyl)-2-azabicyclo[ 2.2.
1]hept-3-ylmethyl]-amide; Benzothiazole-7-carboxylic acid
{(lR,3S,4S)-2-[3-(4-methoxy-phenyl)-thiophene-2-
carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide;
Benzothiazole-7-carboxylic acid
{(lR,3S,4S)-2-[3-(3-methoxy-phenyl)-thiophene-2-
carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide;
Benzothiazole-7-carboxylic acid
{(lR,3S,4S)-2-[3-(3,4-dimethoxy-phenyl)-thiophene-2-
carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide;
Benzothiazole-7-carboxylic acid
[(lR,3S,4S)-2-(3-benzo[l,3]dioxol-5-yl-thiophene-2-
carbonyl)-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl]-amide;
Benzothiazole-7-carboxylic acid
{(lR,3S,4S)-2-[2-dimethylamino-5-(2-fluoro-phenyl)-
thiazole-4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide;
Benzothiazole-7-carboxylic acid
{(lR,3S,4S)-2-[2-dimethylamino-5-(4-fluoro-phenyl)-
thiazole-4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide; 



Benzothiazole-7-carboxylic acid
{(lR,3S,4S)-2-[2-dimethylamino-5-(3-methoxy-phenyl)-
thiazole-4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide;
Benzothiazole-7-carboxylic acid
[(lR,3S,4S)-2-(2-cyclopropyl-5-p-tolyl-thiazole-4-
carbonyl)-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl]-amide;
Benzothiazole-7-carboxylic acid
{(lR,3S,4S)-2-[2-cyclopropyl-5-(2-fluoro-phenyl)-
thiazole-4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide;
Benzothiazole-7-carboxylic acid
[(lR,3S,4S)-2-(2-cyclopropyl-5-m-tolyl-thiazole-4-
carbonyl)-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl]-amide;
Benzothiazole-7-carboxylic acid
{(lR,3S,4S)-2-[2-cyclopropyl-5-(3-fluoro-4-methylphenyl)-
thiazole-4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide;
Benzothiazole-7-carboxylic acid
{(lR,3S,4S)-2-[5-(3-chloro-phenyl)-2-methylaminothiazole-
4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide;
Benzothiazole-7-carboxylic acid
{(lR,3S,4S)-2-[5-(3-chloro-phenyl)-2-ethylaminothiazole-
4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide;
Benzothiazole-7-carboxylic acid
{(lR,3S,4S)-2-[2-methyl-5-(3-trifluoromethoxy-phenyl)-
oxazole-4-carbonyl]-2-aza-bicyclo[2.2.1]hept-3-ylmethyl} -amide;
Benzo[d]isothiazole-3-carboxylic acid
{(lR,3S,4S)-2-[2-dimethylamino-5-(3-fluorophenyl)-
thiazole-4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide;
5-Ethyl-3-methyl-isoxazole-4-carboxylic acid
{(lR,3S,4S)-2-[2-dimethylamino-5-(3-
fluoro-phenyl)-thiazole-4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl}
-amide; 3-Ethyl-5-methyl-isoxazole-4-carboxylic acid
{(lR,3S,4S)-2-[2-dimethylamino-5-(3-
fluoro-phenyl)-thiazole-4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl}
-amide; Quinoxaline-5-carboxylic acid
{(lR,3S,4S)-2-[2-dimethylamino-5-(3-fluoro-phenyl)-
thiazole-4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide;
Benzothiazole-7-carboxylic acid
{(lR,3S,4S)-2-[3-(lH-indol-6-yl)-pyrazine-2-carbonyl]- 2-aza-bicyclo [2.2.1
]hept-3 -ylmethyl} -amide; Benzothiazole-7-carboxylic acid
{(lS,3R,4R)-2-[5-(2-fluoro-phenyl)-2-pyrrolidin-l-ylthiazole-
4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide;
Benzothiazole-7-carboxylic acid [(I
S,3R,4R)-2-(2-dimethylamino-5-m-tolyl-thiazole-4-
carbonyl)-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl]-amide;
Benzothiazole-7-carboxylic acid {(1
S,3R,4R)-2-[2-(ethyl-methyl-amino)-5-(3-methoxyphenyl)-
thiazole-4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide;
Benzothiazole-7-carboxylic acid
{(lS,3R,4R)-2-[5-(3-bromo-4-fluoro-phenyl)-2-
dimethylamino-thiazole-4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3 -ylmethyl}
-amide; Benzothiazole-7-carboxylic acid
{(lS,3R,4R)-2-[5-(4-fluoro-phenyl)-2-pyrrolidin-l-ylthiazole-
4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide;
Benzothiazole-7-carboxylic acid {(1
S,3R,4R)-2-[2-dimethylamino-5-(4-fluoro-phenyl)-
thiazole-4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide;
Benzothiazole-7-carboxylic acid {(1
S,3R,4R)-2-[2-diethylamino-5-(2-fluoro-phenyl)-
thiazole-4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide;
Benzothiazole-7-carboxylic acid {(1
S,3R,4R)-2-[2-dimethylamino-5-(3-fluoro-4-methylphenyl)-
thiazole-4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide;
Benzothiazole-7-carboxylic acid
{(lS,3R,4R)-2-[2-(ethyl-methyl-amino)-5-(4-fluorophenyl)-
thiazole-4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide;
Benzothiazole-7-carboxylic acid [(I
S,3R,4R)-2-(2-dimethylamino-5-p-tolyl-thiazole-4-
carbonyl)-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl]-amide;
Benzothiazole-7-carboxylic acid {(1
S,3R,4R)-2-[2-dimethylamino-5-(3-trifluoromethylphenyl)-
thiazole-4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide; and
Benzothiazole-7-carboxylic acid {(1
S,3R,4R)-2-[2-diethylamino-5-(4-fluoro-phenyl)-
thiazole-4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl} -amide.Also part
of the invention are compounds of formula (I) and pharmaceutically
acceptable salts thereof. 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. Where the plural form is used for compounds, salts,
pharmaceutical compositions, diseases or the like, this is intended to mean
also a single compound, salt, disease or the like. 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 parenteral
administration. A further aspect of the invention is a pharmaceutical
composition containing at least one compound according to formula (I), or a
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable
carrier material. 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 present invention also relates
to a method for the prevention or treatment of a disease or disorder
mentioned herein comprising administering to a subject a pharmaceutically
active amount of a compound of formula (I). 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, panicattacks, 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; increased 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; spontaneous 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 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, coloncancer; 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. Compounds of formula (I) are
particularly suitable for use in the treatment of diseases or disorders
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. 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, seeking 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 of formula (I) are particularly
suitable for use in the treatment of diseases or disorders 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) are particularly suitable for use
in the treatment of diseases or disorders 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) are particularly suitable for use in the
treatment of diseases or disorders 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) are
particularly suitable for use in the treatment of diseases or disorders
selected from the group consisting of psychoactive substance use and abuse
that comprise all types of psychological or physical addictions and their
related tolerance and dependence components. Besides, any preferences
indicated for the compounds of formula (I) (whether for the compounds
themselves, salts thereof, compositions containing the compounds or salts
thereof, uses of the compounds or salts thereof, etc.) apply mutatis
mutandis to compounds of formula (Ip).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, n and R1 are as defined for formula (I). The compounds 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 (T):
(lS,3S,4R)-2-((R)-l-Phenyl-ethyl)-2-aza-bicyclo[2.2.1]hept-5-ene-3-carboxyl
ic acid methyl ester (1) can be synthesized according to a literature
procedure (N. Hashimoto, H. Yasuda, M. Hayashi, Y. Tanabe Org. Proc. Res.
Dev., 2005, 9, 105-109); the configuration of the stereocenters is assigned
in accordance with this reference as well. The exchange of the protecting
group to r .-butoxy-carbonyl can be done by removal of the phenethylmoiety
of (1) under hydrogenation conditions (e.g. H and catalytic amounts of
Pd/C) in the presence of BoC O. By reduction of the ester-functionality of
(2) with, for instance, DIBAL at low temperatures the respective alcohol
(3) can be obtained which can be oxidized to aldehyde (4) by Swern- or
Dess-Martin-oxidation. After reductive amination of (4) with benzylamine in
the presence of a reducing agent like sodium triacetoxyborohydride the
benzyl group of (5) can be removed by hydrogenolysis to yield the primary
amine (6). The acylation of (6) with a carboxylic acid R1COOH in the
presence of a coupling reagent like TBTU resulted in the formation of
amides (7) which after removal of the Boc-group under acidic conditions
(e.g. HCl in dioxane) can be transferred to compounds of formula (I) by
amide coupling (e.g. B-A-COOH, TBTU or B-A-COCl).1 4 Scheme 1: Synthesis of
compounds of formula (I) Another approach to compounds of formula (I) may
start with the protection of amine (6) with ethyl trifluoroacetate in the
presence of a base like DIPEA to give amides (9) which can be
Boc-deprotected with an acid like HCl in a solvent like dioxane (Scheme 2).
The obtained amine (10) can be coupled with a carboxylic acid B-A-COOH in
the presence of a coupling reagent like TBTU or with an acid chloride
B-A-COCl to an amide (11). After deprotection with for instance K2CO3 or
NaOH in alcohol/water mixtures amines (12) can be obtained which can be
coupled with a carboxylic acid R1COOH in the presence of a coupling reagent
like TBTU to compounds (8) of formula (I). I 6 10Scheme 2 : Alternative
synthesis of compounds of formula (I) 6 xylene, D 13 I ) H+ 2) B-A-COOH
TBTU, or B-A-COCI Scheme 3 : Alternative synthesis of compounds of formula
(I), wherein n equals 0; X represents chlorine or bromine Compounds of
formula (I) in which n equals 0 can be synthesized according to one of the
pathways described in scheme 3. Starting from the Boc-protected compound
(6) heterocyclyl-substituted compounds (13) may be obtained in a
substitution reaction with for instance heterocyclyl chlorides or bromides
in the presence of a base like K2CO3 and/or DIPEA at elevated temperatures.
After acid catalyzed removal of the Boc-protecting group compounds (14) of
formula (I) can be obtained by amide coupling with the respective
carboxylic acid B-A-COOH in the presence of a coupling reagent like for
instance TBTU or by reaction with an acid chloride like B-A-COCl in the
presence of a base like DIPEA. Alternatively compounds (12) may be
transferred to compounds (14) of formula (I) by substitution reaction with
for instance heterocyclyl chlorides or bromides in the presence of a base
like K2CO3 and/or DIPEA at elevated temperatures. Thiazole-4-carboxylic
acid derivatives of formula B-A-COOH can for instance be synthesised
according to scheme 4.O BCHO Cl O Cl O" Cl KOf-Bu B g L cr O THF 15 16 S U
R NH2 OH [R = (C1-4)alkyl, 17 (C3-6 )cycloalkyl, 18 NR2R3] CuBr2, MeCN
isoamylnitrite (R = NH2) I ) NaOR' 19 20 [R' = (C1-4 )alkyl] Pd/C, H2 2)
NaOH EtOH 2 1 22 23 Scheme 4 : Synthesis of thiazole-4-carboxylic acid
derivatives, wherein R is (Ci_4)alkyl, (C3-6)cycloalkyl or NR>2rR>3 and R'
is (Ci_4)alkyl By reaction of methyl dichloroacetate (15; commercially
available) with an aldehyde in the presence of a base like potassium r
.-butoxide the 3-chloro-2-oxo-propionic ester derivatives (16) can be
obtained which can be transformed in a reaction with thioamides [R =
(Ci_4)alkyl or (C3_6)cycloalkyl] to 2-alkyl- or 2-cycloalkyl-substituted
thiazole derivatives (17) or in a reaction with thioureas (R = NR2R3) to
2-amino-substituted thiazole derivatives (17). Saponification of the ester
function with an aq. solution of e.g. NaOH in a solvent like MeOH results
in formation of the desired carboxylic acids (18, R = (Ci_4)alkyl,
(C3_6)cycloalkyl or NR2R3) . 2-Bromo-thiazole derivatives (19) can for
instance be obtained by reaction of the respective 2-amino-thiazole
derivative (17, R = NH2) with isoamylnitrite in the presence of
copper(II)bromide. The ester derivatives (19) can be transferred to
2-amino-substituted thiazole derivatives (20) by reaction of (19) with
amines HNR2R3 and subsequent saponification. They may also be transferred
to 2-alkoxy substituted analogues (21) by reaction with sodium alkoxide and
subsequent saponification with NaOH solution. In addition compounds (23)
which are unsubsituted in 2-position can be synthesized by hydrogenation of
(19) in the presence of palladium on charcoal and subsequent saponification
of the intermediate ester (22). Aldehydes B-CHO are commercially available
or may be synthesized by procedures 



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, 4th edition, John Wiley & Sons, p. 447-449,
919- 920 and 1167-1 171). (C3_6)Cycloalkyl-thioamides may be synthesized by
treatment of (C3_6)cycloalkylcarboxamides with Lawesson's reagent.
Carboxylic acids of formula R^COOH are commercially available or well known
in the art (Lit. e.g. WO2001/96302; T. Eicher, S. Hauptmann "The chemistry
of Heterocycles: Structure, Reactions, Syntheses, and Applications", 2nd
Edition 2003, Wiley, ISBN 978-3- 527-30720-3). Derivatives of formula
R^COOH wherein R1 is benzo[l,4]oxazine can be synthesised according to
scheme 5. By hydrogenation of methyl 3-nitrosalicylate (commercially
available) in MeOH 3-amino- 2-hydroxy-benzoic acid methyl ester (26, Ra =
COOMe, Rb = H) may be obtained. The regioisomer (26, Ra = H, Rb = COOMe)
may be synthesized by esterification of commercially available 3-hydroxy
anthranilic acid with (trimethylsilyl)diazomethane. Cyclization of one or
the other amino-hydroxy-benzoic acid (26) with chloroacetyl chloride in the
presence of a base like K2CO3 may lead to 3-oxo-3,4-dihydro-2Hbenzo[
l,4]oxazine derivatives (27) which may be reduced to 3,4-dihydro-2Hbenzo[
l,4]oxazine derivatives (28) with NaBH 4 in the presence of boron
trifluoride diethyl etherate. Compounds (28) may be alkylated at the
nitrogen atom with methyl iodide in the presence of a base like K2CO3 in a
solvent like DMF to give the respective analogues (29). By saponification
of the respective ester derivatives (28 or 29) with NaOH in a solvent
mixture like water/EtOH the desired acids (30, 31, 32 or 33) may be
obtained.Ester cleavage H H Scheme 5 : Synthesis of
benzo[l,4]oxazine-carboxylic acid derivatives Derivatives of formula
R^-COOH wherein R1 is chroman may be for instance synthesised according to
scheme 6. The synthesis of chroman-5-carboxylic acid derivatives may be
started with the alkylation of 3-hydroxy-benzoic acid methyl ester (34;
commercially available) with propargyl bromide in the presence of K2CO3 to
give phenylether (35) which may be cyclised to the chromen derivative (36)
by heating to reflux in N,N-diethylaniline. The carboxylic ester may be
saponified by treatment of (36) with NaOH in MeOH and water and the
obtained chromen derivative (37) may be hydrogenated to give the desired
acid (38). The corresponding chroman- 8-carboxylic acid derivatives may be
synthesized by reduction of 4-chromanone (39; commercially available) with
zinc in acetic acid and subsequent orthometalation of the intermediate
chroman derivative (40) with n-BuLi and trapping with carbon dioxide to
give the desired acid (41).Scheme 6 : Synthesis of chroman-carboxylic acid
derivatives Derivatives of formula R^-COOH wherein R1 is
imidazo[2,l-b]thiazole may be for instance synthesised according to one of
the different pathways shown in scheme 7. Following pathway A
imidazo[2,l-b]thiazole-carboxylic acid derivatives may be synthesized
starting from 2-chloro-3-oxo-butyric acid methyl ester (42; commercially
available) by reaction with thiourea in a solvent like EtOH at elevated
temperatures. The obtained amino-thiazole (43) may be converted to the
imidazo[2,l-b]thiazole derivative (44) by alkylation and subsequent
cyclization with bromoacetaldehyde diethyl acetal in the presence of an
acid like concentrated hydrochloric acid. By saponification of (44) with
for instance NaOH in solvents like THF and MeOH the desired acids (45) may
be obtained. Pathway A 42 43 44 45Pathway B 46 47 48 49 50 Pathway C 5 1 52
53 54 55 Pathway D NaCIO2 NaH2PO4 56 57 58 59 Scheme 7 : Synthesis of
imidazo[2,l-b]thiazole-carboxylic acid derivatives wherein R is methyl or
ethyl, Ra is hydrogen or methyl, Rb is hydrogen or methyl Alternatively
(pathway B) the imidazole derivative (46) may be transferred to the acetal
(47) by alkylation with a bromoacetaldehyde dialkyl acetal derivative in
the presence of a base like sodium ethoxide. Cyclization under acidic
conditions (e.g. aq. hydrochloric acid) and dehydration of the intermediate
(48) with for instance phosphorus oxychloride may lead to ester (49) which
may be transformed to the desired acid (50) by saponification with for
instance NaOH in solvents like THF and MeOH.In still an alternative
procedure (pathway C) the respective amino-thiazole (51; commercially
available) may be converted to the formamidine derivative (52) by heating
(51) with L,L/-dimethylformamide dimethylacetale in a solvent like toluene.
After alkylation with ethyl bromoacetate the respective thiazolium bromide
(53) may be cyclised with DBU to yield the ester (54) which may be
saponified to the desired acid (55) with for instance NaOH in solvents like
THF and MeOH. Finally pathway D may start with the alkylation of
2-amino-thiazole with 3-bromo-l,l,ltrifluoroacetone to yield the
trifluoromethyl-substituted imidazo[2,l-b]thiazole derivative (57) which
may be formylated to the aldehyde (58) by reaction with phosphorus
oxychloride in a solvent like DMF. By oxidation of aldehyde (58) with
sodium chlorite the desired imidazo[2,l-b]thiazole-carboxylic acid (59) may
be obtained. In analogy, the commercially available chlorinated aldehyde
(58, being substituted with Cl instead of CF3) may be oxidized to the
corresponding acid. Derivatives of formula R^-COOH wherein R1 is
pyrrolo[2,l-b]thiazole were for instance synthesised according to the
pathway shown in scheme 8. 60 6 1 63 Scheme 8 : Synthesis of
pyrrolo[2,l-b]thiazole-carboxylic acid derivatives By reaction of
2-methylsulfanylthiazole with trimethylsilylmethyl
trifluoromethanesulfonate followed by cyclisation of the resulting
thiazolinium salt by reaction with ethyl propiolate in the presence of CsF,
the pyrrolo[2,l- ]thiazole (60) can be 



obtained (Berry CR. et al, Organic Letters, 2007, 9, 21, 4099-4102). Ester
(61) was obtained by bromination of pyrrolo[2,l-b]thiazole-7-carboxylic
acid ethyl ester (60) with NBS. In a Negishi-type coupling of (61) with
dimethylzinc in the presence of catalytic amounts of
[l,l'-Bis(diphenylphosphino) ferrocene]dichloropalladium(II) (62)
thebromine atom was replaced by a methyl group to give after saponification
with a base like NaOH in a solvent mixture like EtOH/water the acid
derivative (63). Derivatives of formula R^-COOH wherein R1 is benzothiazole
were for instance synthesised according to the pathway shown in scheme 9.
64 65 66 67 68 Scheme 9 : Synthesis of benzothiazole-carboxylic acid
derivatives By reaction of 3-amino-benzoic acid methyl ester (64) with
potassium thiocyanate the respective thiourea derivative (65) is obtained
which can be cyclised by treatment with an oxidizing reagent like bromine
in an acid like acetic acid to 2-amino-benzothiazole derivatives (66). The
amino group can be removed with, for instance, isoamyl nitrite to give
ester derivatives (67) which can be saponified to acid derivatives (68)
with a base like NaOH in solvents or mixtures of solvents like water, MeOH
and THF. Derivatives of formula R^-COOH wherein R1 is benzoxazole can be
synthesised according to one of the pathways shown in scheme 10. By
reaction of 3-aminosalicylic acid (69) with the respective ortho-ester
derivative the desired benzoxazole-7-carboxylic acid derivatives (70) can
be obtained. The reaction may be catalyzed by addition of an acid like
PTSA. The respective benzoxazole-4-carboxylic acid derivatives (72) can be
synthesized by reaction of 2-amino-3 -hydroxy-benzoic acid ethyl ester
[(71), J . Reisch, G. M. K. B. Gunaherath Monatshefte f r Chemie, 1988,
119, 1169-1 178] with acetyl chloride in the presence of TEA and PPTS at
elevated temperatures and subsequent saponification of the obtained ester
with a base like potassium hydroxide in a solvent mixture like
MeOH/water.69 70 7 1 72 Scheme 10: Synthesis of benzoxazole-carboxylic acid
derivatives wherein R is methyl or ethyl and Ra is hydrogen or methyl 76 77
Scheme 11: Synthesis of oxazole-4-carboxylic acid derivatives, wherein R is
methyl. By reaction of a commercially available 3-oxo-propionic acid ester
derivative 73 with an aq. solution sodium nitrite in presence of an acid
such as glacial acetic acid the corresponding oxime derivative 74 can be
obtained. The l-acetamido-S-oxo-propionic acid ester derivative 75 can be
synthesized from compounds of structure 74 using acetic anhydride in
presence of an acid such as glacial acetic acid and catalytic amounts of
metal chlorides such as mercury chloride and zinc powder. Cyclization to
the corresponding corresponding oxazole-4 carboxylic acid ester derivative
76 can be achieved under dehydrating conditions such as SOCl in CHCI3.
Saponification of the ester function using methods known in the art such as
treatment with a base such as NaOH in solvent mixtures such as EtOH/water
provides the corresponding oxazole-4 carboxylic acid derivative 77.78 P d
PPh3 )4 79 Scheme 12: Synthesis of thiophene-2-carboxylic acid derivatives.
Suzuki-XQAction under standard conditions of commercially available
3-bromo-thiophene-2- carboxylic acid (78) with commercially available
aryl-boronic acids provides the corresponding 3-aryl-thiophene-2-carboxylic
acid derivative 79. Pd(PPh3)4 80 81 82 Scheme 13: Synthesis of
3-aryl-pyrazine-2-carboxylic acid derivatives. Suzuki-XQAction under
standard conditions of commercially available 3-chloro-pyrazine-2-
carbonitrile (80) with commercially available aryl-boronic acids provides
the corresponding 3-aryl-pyrazine-2-carbonitrile derivative 81 which is
transformed to the desired carboxylic acid derivative 82 by hydrolysis of
the nitrile under basic conditions in a solvent like MeOH. 83 84 Scheme 14:
Alternative synthesis of final compounds with monoalkyl-amino-substituents
in position 2 of the 5-arylthiazole substituent. The 2-bromo-5-arylthiazole
containing precursor 83 (prepared according to procedures given within this
application) can be treated in a solvent like acetonitrile with an aq.
solution of the respective primary amine to yield compounds 84. Whenever
the compounds of formula (I) are obtained in the form of mixtures of
enantiomers, the enantiomers can be separated using methods known to one
skilled in theart: e.g. by formation and separation of diastereomeric salts
or by HPLC over a chiral stationary phase such as a Regis Whelk-O1(R,R) (10
mm) column, a Daicel ChiralCel ODH (5-10 mm) column, or a Daicel ChiralPak
IA (10 mm) or AD-H (5 mm) column. Typical conditions of chiral HPLC are an
isocratic mixture of eluent A (EtOH, in presence or absence of an amine
such as TEA, diethylamine) and eluent B (hexane), at a flow rate of 0.8 to
150 mL/min. Experimental Section Abbrevations (as used herein and in the
descripi aq aqueous Boc te/t-Butoxycarbonyl BSA Bovine serum albumine CHO
Chinese hamster ovary cone. Concentrated d Day(s) DBU
l,8-Diazabicyclo[5.4.0]undec-7-ene DCM Dichloromethane DIBAL
Diisobutylaluminium hydride DIPEA Diisopropylethylamine DMAP
4-Dimethylaminopyridine DMF JV,iV-Dimethylformamide DMSO Dimethylsulfoxide
eq Equivalent(s) ES Electron spray ether Diethylether EtOAc Ethyl acetate
EtOH ethanol FCS Foatal calf serum FLIPR Fluorescent imaging plate reader 



h Hour(s)HBSS Hank's balanced salt solution HEPES
4-(2-hydroxyethyl)-piperazine- 1-ethanesulfonic acid HPLC High performance
liquid chromatography LC Liquid chromatography M Molar(ity) MeCN
Acetonitrile MeOH Methanol min Minute(s) MS Mass spectroscopy NBS
-Bromosuccinimide PPTS Pyridinium para -toluenesulfonate prep. Preparative
PTSA / ara-Toluenesulfonic acid monohydrate rt Room temperature sat
Saturated tR Retention time TBME tert-BvXyl methyl ether TBTU
O-Benzotriazol- 1-yl- , , ', '-tetramethyluronium tetrafluoroborate TEA
Triethylamine TFA Trifluoroacetic acid TFAA Trifluoroacetic anhydride THF
Tetrahydrofuran I-Chemistry 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 0C.
Compounds are characterized by: 1H-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, q = quartet, m
= multiplet, b = broad, coupling constants are given in Hz; LC-MS: Agilent
1100 series with DAD and MS detection (MS: Finnigan singlequadrupole);
columns (4.6x50 mm, 5 mm): Zorbax SB-AQ, Zorbax Extend C18 or Waters
XBridge C18; conditions (if not otherwise stated the acidic gradient is
used): basic : eluent A: MeCN, eluent B: cone. NH3 in water (1.0 mL/L), 5%
to 95% CH3CN, flow rate 4.5 niL/min; acidic : eluent A: MeCN, eluent B: TFA
in water (0.4 mL/L), 5% to 95% CH3CN, flow rate 4.5 mL/min; tR is given in
min; In case of a partial separation of rotamers, as seen for several
examples of compounds of formula (I), two retention times are given.
Compounds are purified by column chromatography on silica gel or by
preparative HPLC using RP-Ci based columns with MeCN/water gradients and
formic acid or ammonia additives. A. Preparation of building blocks: A.1
Synthesis of thiazole-4-carboxylic acid derivatives A.1.1 Synthesis of
S-chloro-l-oxo-propionic ester derivatives (general procedure) 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 (-600C)
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
aq. layer is extracted twice with DCM. The combined organic layers are
washed with ice-cold water and brine, dried over MgSO and concentrated in
vacuo to give the desired 3-chloro-2-oxo-propionic ester derivative which
is used without further purification. 3-Chloro-2-oxo-3-m-tolyl-propionic
acid methyl ester prepared by reaction of 3-methyl-benzaldehyde with methyl
dichloroacetate. 3-Chloro-2-oxo-3-p-tolyl-propionic acid methyl
esterprepared by reaction of 4-methyl-benzaldehyde with methyl
dichloroacetate. 3-Chloro-3-(3-methoxy-phenyl)-2-oxo-propionic acid methyl
ester prepared by reaction of 3-methoxy-benzaldehyde with methyl
dichloro-acetate. 3-Chloro-3-(2-fluoro-phenyl)-2-oxo-propionic acid methyl
ester prepared by reaction of 2-fluoro-benzaldehyde with methyl
dichloro-acetate. 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 prepared by reaction of 3-chloro-benzaldehyde with methyl
dichloro-acetate. 3-Chloro-2-oxo-3-(3-trifluoromethyl-phenyl)-propionic
acid methyl ester prepared by reaction of 3-trifluoromethyl-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-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-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-difluoro-phenyl)-2-oxo-propionic acid
methyl ester prepared by reaction of 3,4-difluoro-benzaldehyde with methyl
dichloro-acetate. 3-Chloro-3-(3-fluoro-4-methyl-phenyl)-2-oxo-propionic
acid methyl ester prepared by reaction of 3-fluoro-4-methyl-benzaldehyde
with methyl dichloro-acetate.
3-Chloro-3-(3-fluoro-2-methyl-phenyl)-2-oxo-propionic acid methyl ester
prepared by reaction of 3-fluoro-2-methyl-benzaldehyde with methyl
dichloro-acetate. 3-Chloro-2-oxo-3-phenyl-propionic acid methyl ester
prepared by reaction of benzaldehyde with methyl
dichloro-acetate.3-Chloro-3-(2,3-dichloro-phenyl)-2-oxo-propionic acid
methyl ester prepared by reaction of 2,3-dichloro-benzaldehyde with methyl
dichloro-acetate. 



A.1.2 Synthesis of thiazole-4-carboxylic acid methyl ester derivatives
(general procedure) A solution of thioacetamide (132 mmol, 1.0 eq) in MeCN
(250 rnL) is added to a mixture of the respective 3-chloro-2-oxo-propionic
ester derivative (132 mmol, 1.0 eq) and molecular sieves (4A, 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, dissolved in MeOH (280 mL) and stirred at 500C for 6 h. The
solvents are removed in vacuo to give the desired thiazole derivatives as a
white solid. 2-methyl-5-m-tolyl-thiazole-4-carboxylic acid methyl ester
prepared by reaction of 3-chloro-2-oxo-3-m-tolyl-propionic acid methyl
ester with thioacetamide. LC-MS: tR = 0.94 min; [M+H]+ = 248.0.
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: tR = 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: tR = 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. 1H-NMR (CDCl3) : d = 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.
5-(3,4-dimethyl-phenyl)-2-methyl-thiazole-4-carboxylic acid methyl
esterprepared by reaction of
3-chloro-3-(3,4-dimethyl-phenyl)-2-oxo-propionic acid methyl ester with
thioacetamide. LC-MS: tR = 0.96 min; [M+H]+ = 262.3.
2-Methyl-5-phenyl-thiazole-4-carboxylic acid methyl ester prepared by
reaction of 3-chloro-2-oxo-3 -phenyl-propionic acid methyl ester with
thioacetamide. LC-MS: tR = 0.87 min; [M+H]+ = 234.3.
5-(2,3-Dichloro-phenyl)-2-methyl-thiazole-4-carboxylic acid methyl ester
prepared by reaction of 3-chloro-3-(2,3-dichloro-phenyl)-2-oxo-propionic
acid methyl ester with thioacetamide. LC-MS: tR = 0.97 min; [M+H]+ = 302.2.
5-(3-Fluoro-2-methyl-phenyl)-2-methyl-thiazole-4-carboxylic acid methyl
ester prepared by reaction of
3-chloro-3-(3-fluoro-2-methyl-phenyl)-2-oxo-propionic acid methyl ester
with thioacetamide. LC-MS: tR = 0.93 min; [M+H]+ = 266.3.
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: tR = 0.95 min; [M+H]+ = 330.2.
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: tR = 0.99 min; [M+H]+ = 302.2.
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.
5-(3-Fluoro-4-methyl-phenyl)-2-methyl-thiazole-4-carboxylic acid methyl
ester prepared by reaction of
3-chloro-3-(3-fluoro-4-methyl-phenyl)-2-oxo-propionic acid methyl ester
with thioacetamide. LC-MS: tR = 1.00 min; [M+H]+ = 266.0.
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: tR = 0.97 min; [M+H]+ = 262.3.
A.1.3 Synthesis of 2-cyclopropyl-thiazole-4-carboxylic acid methyl ester
derivatives Synthesis of cyclopropanecarbothioic acid amide
2,4-Bis-(4-methoxyphenyl)-l,3-dithia-2,4-diphosphetane 2,4-disulfide
(Lawesson reagent, 173 mmol) is added to a mixture of
cyclopropanecarboxamide (173 mmol) and Na CO(173 mmol) in THF (750 mL). The
reaction mixture is stirred at reflux for 3h, concentrated in vacuo and
diluted with ether (500 mL) and water (500 mL). The layers are separated
and the aq. 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 a crude product which is used without further purification.
1H-NMR (DMSO-d6) : d = 0.81-0.88 (m, 2H); 0.96-1.00 (m, 2H); 2.00 (tt, J =
8.0 Hz, J = 4.3 Hz, IH); 9.23 (bs, IH); 9.33 (bs, IH). Synthesis of
2-cyclopropyl-thiazole-4-carboxylic acid methyl ester derivatives (general
procedure) A solution of cyclopropanecarbothioic acid amide (33.9 mmol, 1.0
eq) in MeCN (45 mL) is added to a mixture of the respective
3-chloro-2-oxo-propionic ester derivative (33.9 mmol, 1.0 eq) and NaHCO3
(102 mmol, 3.0eq) in MeCN (45 mL). After stirring for 2d at rt the mixture
is concentrated in vacuo and the residue is diluted with EtOAc (150 mL) and
water (150 mL). The layers are separated and the aq. layer is extracted
with EtOAc (100 mL). The combined organic layers are washed with brine (100
mL), dried over MgSO4 and concentrated in vacuo. The residue is dissolved
in MeOH (70 mL) and treated with concentrated H2SO4 (0.18 mL). The mixture
is stirred at 600C for 16 h and concentrated in vacuo to give the
respective crude product which is used without further purification.
2-Cyclopropyl-5-phenyl-thiazole-4-carboxylic acid methyl ester prepared by
reaction of 3-chloro-2-oxo-3 -phenyl-propionic acid methyl ester with
cyclopropanecarbothioic acid amide. LC-MS: tR = 0.99 min; [M+H]+ = 260.5.
2-Cyclopropyl-5-(4-methyl-phenyl)-thiazole-4-carboxylic acid methyl ester
prepared by reaction of 3-chloro-2-oxo-3-(4-methyl-phenyl)-propionic acid
methyl ester with cyclopropanecarbothioic acid amide. LC-MS: tR = 0.99 min;
[M+H]+ = 260.5.A.1.4 Synthesis of 2-amino-thiazole-4-carboxylic acid methyl
ester derivatives (general procedure) A solution of the respective
3-chloro-2-oxo-propionic ester derivative (22.1 mmol, 1.0 eq) in acetone
(25 mL) is added to a suspension of thiourea (22.1 mmol, 1.0 eq) in acetone
(45 mL). The mixture is heated to 57C (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-(3-fluoro-phenyl)-thiazole-4-carboxylic acid methyl ester
prepared by reaction of 3-chloro-3-(3-fluoro-phenyl)-2-oxo-propionic acid
methyl ester with thiourea. LC-MS: tR = 0.78 min; [M+H]+ = 252.9.
2-Amino-5-(2-fluoro-phenyl)-thiazole-4-carboxylic acid methyl ester
prepared by reaction of 3-chloro-3-(2-fluoro-phenyl)-2-oxo-propionic acid
methyl ester with thiourea. LC-MS: tR = 0.76 min; [M+H]+ = 253.2. 



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: tR = 0.75 min; [M+H]+ = 253.2.
2-Amino-5-(3-methoxy-phenyl)-thiazole-4-carboxylic acid methyl ester
prepared by reaction of 3-chloro-3-(3-methoxy-phenyl)-2-oxo-propionic acid
methyl ester with thiourea. LC-MS: tR = 0.75 min; [M+H]+ = 265.3.
2-Amino-5-(3-chloro-phenyl)-thiazole-4-carboxylic acid methyl ester
prepared by reaction of 3-chloro-3-(3-chloro-phenyl)-2-oxo-propionic acid
methyl ester with thiourea. LC-MS: tR = 0.82 min; [M+H]+ = 269.2.
2-Amino-5-(3-trifluoromethyl-phenyl)-thiazole-4-carboxylic acid methyl
ester prepared by reaction of
3-chloro-3-(3-trifluoromethyl-phenyl)-2-oxo-propionic acid methyl ester
with thiourea. LC-MS: tR = 0.86 min; [M+H]+ = 303.3.
2-Amino-5-phenyl-thiazole-4-carboxylic acid methyl esterprepared by
reaction of 3-chloro-2-oxo-3 -phenyl-propionic acid methyl ester with
thiourea. LC-MS: tR = 0.77 min; [M+H]+ = 235.1. A.1.5 Synthesis of
2-bromo-thiazole-4-carboxylic acid methyl ester derivatives (general
procedure) At 15C under an atmosphere of nitrogen the respective
2-amino-thiazole-4-carboxylic acid methyl ester (7.10 mmol) is added
portionwise to a mixture of CuBr2 (7.10 mmol) and isoamyl nitrite (10.6
mmol) in MeCN (30 mL). The mixture is stirred for 20 min at 15C, for 30 min
at 400C and for 90 min at 65C. The solvents are removed in vacuo and the
crude product is either purified by flash chromatography (DCM/MeOH or
EtOAc/heptane) or used without further purification.
2-Bromo-5-(2-fluoro-phenyl)-thiazole-4-carboxylic acid methyl ester
prepared by reaction of 2-amino-5-(2-fluoro-phenyl)-thiazole-4-carboxylic
acid methyl ester with CuBr2 and isoamyl nitrite. LC-MS: tR = 0.96 min;
[M+H]+ = 316.1. 2-Bromo-5-(3-fluoro-phenyl)-thiazole-4-carboxylic acid
methyl ester prepared by reaction of
2-amino-5-(3-fluoro-phenyl)-thiazole-4-carboxylic acid methyl ester with
CuBr2 and isoamyl nitrite. LC-MS: tR = 1.08 min; [M+H]+ = 316.0.
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 with CuBr2 and isoamyl nitrite. LC-MS : tR = 0.97 min;
[M+H]+ = 316.1. 2-Bromo-5-(3-methoxy-phenyl)-thiazole-4-carboxylic acid
methyl ester prepared by reaction of
2-amino-5-(3-methoxy-phenyl)-thiazole-4-carboxylic acid methyl ester with
CuBr2 and isoamyl nitrite. LC-MS: tR = 0.97 min; [M+H]+ = 328.2.
2-Bromo-5-(3-chloro-phenyl)-thiazole-4-carboxylic acid methyl ester
prepared by reaction of 2-amino-5-(3-chloro-phenyl)-thiazole-4-carboxylic
acid methyl ester with CuBr2 and isoamyl nitrite. LC-MS: tR = 1.00 min;
[M+H]+ = 332.2. 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 with CuBr2 and isoamyl nitrite. LC-MS: tR = 1.03 min; [M+H]+ =
366.2.l-Bromo-S-phenyl-thiazole^-carboxylic acid methyl ester prepared by
reaction of 2-amino-5-phenyl-thiazole-4-carboxylic acid methyl ester with
CuBr2 and isoamyl nitrite. LC-MS: tR = 1.07 min; [M+H]+ = 297.9. A.1.6
Synthesis of thiazole-4-carboxylic acid methyl ester derivatives lacking a
substituent in 2-position (general procedure) A solution/suspension of the
respective 2-bromo-thiazole-4-carboxylic acid methyl ester (3.17 mmol) in
EtOH (20 mL) is added to a suspension of Pd/C (600 mg, 10%) in EtOH (20 mL)
and stirred under a hydrogen atmosphere ( 1 bar) for 18 h. After filtration
through celite and removal of the solvents the desired product is obtained
which is used without further purification.
5-(2-Fluoro-phenyl)-thiazole-4-carboxylic acid methyl ester prepared by
hydrogenation of 2-bromo-5-(2-fluoro-phenyl)-thiazole-4-carboxylic acid
methyl ester. LC-MS: tR = 0.91 min; [M+H]+ = 238.0.
5-(4-Fluoro-phenyl)-thiazole-4-carboxylic acid methyl ester prepared by
hydrogenation of 2-bromo-5-(4-fluoro-phenyl)-thiazole-4-carboxylic acid
methyl ester. LC-MS: tR = 0.92 min; [M+H]+ = 238.1.
5-(3-Methoxy-phenyl)-thiazole-4-carboxylic acid methyl ester prepared by
hydrogenation of 2-bromo-5-(3-methoxy-phenyl)-thiazole-4-carboxylic acid
methyl ester. LC-MS: tR = 0.92 min; [M+H]+ = 250.1.
5-(3-Chloro-phenyl)-thiazole-4-carboxylic acid methyl ester prepared by
hydrogenation of 2-bromo-5-(3-chloro-phenyl)-thiazole-4-carboxylic acid
methyl ester. LC-MS: tR = 0.91 min; [M+H]+ = 253.9.
5-(3-Trifluoromethyl-phenyl)-thiazole-4-carboxylic acid methyl ester
prepared by hydrogenation of
2-bromo-5-(3-trifluoromethyl-phenyl)-thiazole-4-carboxylic acid methyl
ester. LC-MS: tR = 0.99 min; [M+H]+ = 288.0.A.1.7 Synthesis of
thiazole-4-carboxylic acid derivatives (general procedure) A solution of
the respective thiazole-4-carboxylic acid ester (96.2 mmol) in a mixture of
THF (150 mL) and either MeOH or isopropanol (50 rnL) is treated with an aq.
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 aq. HCl solution (1.0 M). The suspension
is filtered and the residue is washed with cold water. After drying the
desired acid is obtained as a white solid.
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: tR =
0.83 min; [M+H]+ = 234.0. 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: tR = 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: tR = 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. 1H-NMR (DMSO-d6) : d = 2.67 (s, 3H); 7.27 (m, 2H); 7.53 (m,
2H); 12.89 (bs, IH). 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: tR = 0.84 min; [M+H]+ = 254.0. 



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: tR = 0.86 min; [M+H]+ =
248.3.2-amino-5-(3-fluoro-phenyl)-thiazole-4-carboxylic acid prepared by
saponification of 2-amino-5-(3-fluoro-phenyl)-thiazole-4-carboxylic acid
methyl ester. LC-MS: tR = 0.62 min; [M+H]+ = 239.1.
2-Methyl-5-phenyl-thiazole-4-carboxylic acid prepared by saponification of
2-methyl-5-phenyl-thiazole-4-carboxylic acid methyl ester. LC-MS: tR = 0.77
min; [M+H]+ = 220.3. 5-(2,3-Dichloro-phenyl)-2-methyl-thiazole-4-carboxylic
acid prepared by saponification of
5-(2,3-dichloro-phenyl)-2-methyl-thiazole-4-carboxylic acid methyl ester.
LC-MS: tR = 0.86 min; [M+H]+ = 288.2.
5-(3-Fluoro-2-methyl-phenyl)-2-methyl-thiazole-4-carboxylic acid prepared
by saponification of
5-(3-fluoro-2-methyl-phenyl)-2-methyl-thiazole-4-carboxylic acid methyl
ester. LC-MS: tR = 0.83 min; [M+H]+ = 252.2.
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: tR = 0.86 min; [M+H]+ = 316.2.
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: tR = 0.88 min; [M+H]+ = 288.2.
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: tR = 0.82 min; [M+H]+ = 256.3.
5-(3-Fluoro-4-methyl-phenyl)-2-methyl-thiazole-4-carboxylic acid prepared
by saponification of
5-(3-fluoro-4-methyl-phenyl)-2-methyl-thiazole-4-carboxylic acid methyl
ester. LC-MS: tR = 0.89 min; [M+H]+ = 252.0.
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: tR = 0.86 min; [M+H]+ = 248.3.
5-(3-Trifluoromethyl-phenyl)-2-methyl-thiazole-4-carboxylic acid prepared
by saponification of
5-(3-trifluoromethyl-phenyl)-2-methyl-thiazole-4-carboxylic acid methyl
ester. LC-MS: tR = 0.91 min; [M+H]+ =
288.03.5-(2-Fluoro-phenyl)-thiazole-4-carboxylic acid prepared by
saponification of 5-(2-fluoro-phenyl)-thiazole-4-carboxylic acid methyl
ester. LC-MS: tR = 0.80 min; [M+H]+ = 224.1.
5-(3-Methoxy-phenyl)-thiazole-4-carboxylic acid prepared by saponification
of 5-(3-methoxy-phenyl)-thiazole-4-carboxylic acid methyl ester. LC-MS: tR
= 0.81 min; [M+H]+ = 236.1. 5-(3-Chloro-phenyl)-thiazole-4-carboxylic acid
prepared by saponification of 5-(3-chloro-phenyl)-thiazole-4-carboxylic
acid methyl ester. LC-MS: tR = 0.85 min; [M+H]+ = 240.0.
5-(3-Trifluoromethyl-phenyl)-thiazole-4-carboxylic acid prepared by
saponification of 5-(3-trifluoromethyl-phenyl)-thiazole-4-carboxylic acid
methyl ester. LC-MS: tR = 0.89 min; [M+H]+ = 274.0.
5-(4-Fluoro-phenyl)-thiazole-4-carboxylic acid prepared by saponification
of 5-(4-fluoro-phenyl)-thiazole-4-carboxylic acid methyl ester. LC-MS: tR =
0.80 min; [M+H]+ = 224.1. 2-Cyclopropyl-5-phenyl-thiazole-4-carboxylic acid
prepared by saponification of 2-cyclopropyl-5-phenyl-thiazole-4-carboxylic
acid methyl ester. LC-MS: tR = 0.91 min; [M+H]+ = 246.4.
2-Cyclopropyl-5-p-tolyl-thiazole-4-carboxylic acid prepared by
saponification of 2-cyclopropyl-5-p-tolyl-thiazole-4-carboxylic acid methyl
ester. LC-MS: tR = 0.91 min; [M+H]+ = 260.03.
2-Cyclopropyl-5-(2-fluoro-phenyl)-thiazole-4-carboxylic acid prepared by
saponification of 2-cyclopropyl-5-(2-fluoro-phenyl)-thiazole-4-carboxylic
acid methyl ester. LC-MS: tR = 0.91 min; [M+H]+ = 264.27.
2-Cyclopropyl-5-m-tolyl-thiazole-4-carboxylic acid prepared by
saponification of 2-cyclopropyl-5-m-tolyl-thiazole-4-carboxylic acid methyl
ester. LC-MS: tR = 0.90 min; [M+H]+ = 260.23.
2-Cyclopropyl-5-(3-fluoro-4-methyl-phenyl)-thiazole-4-carboxylic acid
prepared by saponification of
2-cyclopropyl-5-(3-fluoro-4-methyl-phenyl)-thiazole-4- carboxylic acid
methyl ester. LC-MS: tR = 0.97 min; [M+H]+ =
278.06.2-Cyclopropyl-5-(3-fluoro-phenyl)-thiazole-4-carboxylic acid
prepared by saponification of
2-cyclopropyl-5-(3-fluoro-phenyl)-thiazole-4-carboxylic acid methyl ester.
LC-MS: tR = 0.92 min; [M+H]+ = 264.01. A.l.8.1 Synthesis of
2-dimethylamino-thiazole-4-carboxylic acid derivatives (general procedure)
An aq. solution of dimethylamine (40%, 13 mL) is added to a solution of the
respective 2- bromo-thiazole-4-carboxylic acid methyl ester derivative
(6.71 mmol) in MeCN (38 mL). After 2h an additional portion of an aq.
dimethylamine solution (40%, 13 mL) is added. After stirring at rt for 2d
THF (13.6 mL), MeOH (6.8 mL) and aq. NaOH solution (1.0 M, 13.4 mL) are
added successively and the mixture is stirred for 16h. The solvents are
removed in vacuo and the residue is diluted with water (30 mL). The
suspension is made acidic (pH 3) by addition of aq. citric acid (10%) and
extracted three times with EtOAc. The combined organic layers are washed
twice with brine, dried over MgSO4 and concentrated in vacuo to give the
desired acid which is used without further purification.
2-Dimethylamino-5-(3-fluoro-phenyl)-thiazole-4-carboxylic acid prepared by
reaction of 2-bromo-5-(3-fluoro-phenyl)-thiazole-4-carboxylic acid methyl
ester with dimethylamine. LC-MS: tR = 0.87 min; [M+H]+ = 267.0.
2-Dimethylamino-5-phenyl-thiazole-4-carboxylic acid prepared by reaction of
2-bromo-5-phenyl-thiazole-4-carboxylic acid methyl ester with
dimethylamine. LC-MS: tR = 0.81 min; [M+H]+ = 249.1.
2-Dimethylamino-5-(3,4-dimethyl-phenyl)-thiazole-4-carboxylic acid prepared
by reaction of 2-bromo-5-(3,4-dimethyl-phenyl)-thiazole-4-carboxylic acid
methyl ester with dimethylamine. LC-MS: tR = 0.89 min; [M+H]+ = 277.3.
5-(3-Chloro-phenyl)-2-dimethylamino-thiazole-4-carboxylic acid prepared by
reaction of 2-bromo-5-(3-chloro-phenyl)-thiazole-4-carboxylic acid methyl
ester with dimethylamine. LC-MS: tR = 0.90 min; [M+H]+ = 283.21.
2-Dimethylamino-5-(2-fluoro-phenyl)-thiazole-4-carboxylic acid prepared by
reaction of 2-bromo-5-(2-fluoro-phenyl)-thiazole-4-carboxylic acid methyl 



ester with dimethylamine. LC-MS: tR = 0.84 min; [M+H]+ =
267.42.2-Dimethylamino-5-(4-fluoro-phenyl)-thiazole-4-carboxylic acid
prepared by reaction of 2-bromo-5-(4-fluoro-phenyl)-thiazole-4-carboxylic
acid methyl ester with dimethylamine. LC-MS: tR = 0.83 min; [M+H]+ =
267.27. 2-Dimethylamino-5-(3-methoxy-phenyl)-thiazole-4-carboxylic acid
prepared by reaction of 2-bromo-5-(3-methoxy-phenyl)-thiazole-4-carboxylic
acid methyl ester with dimethylamine. LC-MS: tR = 0.83 min; [M+H]+ =
279.25. According to the procedure described above, the following
2-amino-5-aryl-thiazole-4- carboxylic acid derivatives were prepared:
5-(3-Chloro-phenyl)-2-diethylamino-thiazole-4-carboxylic acid prepared by
reaction of 2-bromo-5-(3-chloro-phenyl)-thiazole-4-carboxylic acid methyl
ester with diethylamine. LC-MS: tR = 0.92 min; [M+H]+ = 3 11.21.
5-(3-Chloro-phenyl)-2-ethylmethylamino-thiazole-4-carboxylic acid prepared
by reaction of 2-bromo-5-(3-chloro-phenyl)-thiazole-4-carboxylic acid
methyl ester with ethylmethylamine. LC-MS: tR = 0.90 min; [M+H]+ = 297.22.
A.l.8.2. Synthesis of 2-alkoxy-thiazole-4-carboxylic acid derivatives
(general procedure) The alcohol (3 mmol) is slowly added to a suspension of
sodium hydride (3 mmol) in THF (4 ml) and stirring is continued for 15 min
at rt followed by the addition of a solution of the respective
2-bromo-thiazole-4-carboxylic acid methyl ester derivative (1.5 mmol) in
THF / DMF (6 ml / 0.7 ml). After stirring at rt for 2d THF (13.6 mL), MeOH
(6.8 mL) and aq. NaOH solution (1.0 M, 13.4 mL) are added successively and
the mixture is stirred for 16h. The solvents are removed in vacuo and the
residue is diluted with water (30 mL). The suspension is made acidic (pH 3)
by addition of aq. citric acid (10%) and extracted three times with EtOAc.
The combined organic layers are washed twice with brine, dried over MgSO4
and concentrated in vacuo to give the desired acid which is used without
further purification. 5-(3-Chloro-phenyl)-2-methoxy-thiazole-4-carboxylic
acid LC-MS: tR = 0.93 min; [M+H]+ = 271.24.
5-(3-Chloro-phenyl)-2-(2-methoxy-ethoxy)-thiazole-4-carboxylic acidLC-MS:
tR = 0.95 min; [M+H]+ = 314.00.
5-(3-Chloro-phenyl)-2-ethoxy-thiazole-4-carboxylic acid LC-MS: tR = 0.93
min; [M+H]+ = 284.01. A.1.9 Synthesis of 2-methyl-oxazole-4-carboxylic acid
derivatives A.l.9.1 Synthesis of 2-acetylamino-3-oxo-propionic acid methyl
ester derivatives (general procedure) A solution of the respective
3-oxo-propionic acid methyl ester derivative (4.8 mmol, 1.0 eq.) in glacial
acetic acid (1.9 mL) was cooled to 100C and at this temperature was added a
solution of NaNO (5.6 mmol, 1.16 eq.) in water (0.68 mL). After the
addition was complete (15 min), the solution was allowed to warm to rt and
stirred for 2 h. Then the solution was poured into water (10 mL) and after
a few minutes crystals begun to appear. This suspension was cooled in an
ice-bath and crystals were collected by filtration. The cake was washed
several times with cold water and the water was removed by the azeotrope of
toluene-water in vacuo to give 2-hydroxyimino-3-oxo-propionic acid methyl
ester derivatives which were dissolved in a mixture of acetic anhydride
(1.4 mL) and glacial acetic acid (1.8 mL). To this solution was added
sodium acetate (0.296 mmol, 0.06 eq.) and HgCl (0.01 mmol, 0.002 eq.). The
mixture was refluxed for 1 h, then cooled to rt and filtered. The solid was
rinsed with ether, the organic filtrate was recovered, washed 3 times with
water and one time with IM aq. K2CO3. The organic layer was dried over
MgSO4, filtered and concentrated. The crude products were purified by flash
chromatography to afford the corresponding 2-acetylamino-3-oxo-propionic
acid methyl ester derivatives.
2-Acetylamino-3-oxo-3-(3-trifluoromethoxy-phenyl)-propionic acid methyl
ester prepared according to general procedure A.l.9.1 from
3-oxo-3-(3-trifluoromethoxyphenyl)- propionic acid methyl ester. A.l.9.2
Synthesis of 2-methyl-oxazole-4-carboxylic acid derivatives (general
procedure)A solution of the respective 2-acetylamino-3-oxo-propionic acid
methyl ester derivative (0.63 mmol, 1.0 eq.) in CHCl3 (0.4 niL) was cooled
to 00C in an ice/NaCl bath. SOCl2 (0.88 mmol, 1.4 eq.) was added to the
stirred solution and the temperature was maintained at 00C for 30 minutes.
Then the solution was stirred and refluxed for one hour. Another 0.25 eq.
of SOCl was added and the reaction mixture was refluxed for another hour.
The excess SOCl2 was quenched with IM aq. K2CO . The aq. layer was
extracted twice with ether. The combined organic phases were washed once
with water and dried over MgSO , filtered and concentrated yielding the
corresponding 2-methyl-oxazole-4-carboxylic acid methyl ester derivative.
The respective 2-methyl-oxazole-4-carboxylic acid methyl ester derivative
was dissolved in a mixture of EtOH (0.7 ml) and 2N aq. NaOH (0.7 mL, 2.5
eq.). The mixture was stirred at rt for 2 hours. The reaction mixture was
washed once with ether and this organic layer was discarded. The aq. layer
was then acidified with cone. HCl and extracted twice with ether. Both
organic layers were combined, dried over MgSO and concentrated in vacuo to
afford the corresponding 2-methyl-oxazole-4-carboxylic acid derivatives.
2-Methyl-5-(3-trifluoromethoxy-phenyl)-oxazole-4-carboxylic acid prepared
according to general procedure A.1.9.2 from 2-acetylamino-3-oxo-3-(3-
trifluoromethoxy-phenyl)-propionic acid methyl ester acid methyl ester.
LC-MS: tR = 0.95 min; [M-H]+ = 287.86. A.1.10 Synthesis of
S-aryl-thiophene-l-carboxylic acid derivatives A.1.1 0.1
3-(3-Methoxy-phenyl)-thiophene-2-carboxylic acid
3-Bromothiophene-2-carboxylic acid (600 mg; 2.9 mmol) was dissolved in
isopropanol (7 ml) / toluene (7 ml), followed by the addition of K2CO
solution (aq; 2M; 9 ml) and 3- methoxybenzeneboronic acid (440 mg; 2.9
mmol). The reaction mixture was deoxygenizedwith N (g) for 3 minutes
followed by the addition of tetrakis-(triphenylphosine)-palladium and
subsequently heated to 800C for 14 h. The mixture was cooled to rt, ether
was added and the organic layer was extracted with 2M NaOH-solution. The
aq. layer was acidified by the addition of 2M HCl. The product precipitated
and was filtered off and dried at high vacuum to give 470 mg of
3-(3-methoxy-phenyl)-thiophene-2-carboxylic acid; LC-MS: tR = 0.94 min;
[M-H]+ = 235.27. A.l.10.2 3-(3,4-Dimethoxy-phenyl)-thiophene-2-carboxylic
acid According to the procedure described above 400 mg of
3-(3,4-dimethoxy-phenyl)- thiophene-2-carboxylic acid (LC-MS: tR = 0.88
min; [M-H]+ = 265.24.} was obtained from 3-Bromothiophene-2-carboxylic acid
(600 mg; 2.9 mmol) and 3,4-dimethoxyboronic acid (527 mg; 2.9 mmol). 



A.l.10.3 3-Benzo[l,3]dioxol-5-yl-thiophene-2-carboxylic acid According to
the procedure described above 430 mg of 3-Benzo[l,3]dioxol-5-ylthiophene-
2-carboxylic acid (LC-MS: tR = 0.93 min; [M-H]+ = 290.22.} was obtained
from 3-Bromothiophene-2-carboxylic acid (600 mg; 2.9 mmol) and 3,4-
(methylenedioxy)phenylboronic acid (480 mg; 2.9 mmol). A.1.1 0.4
3-(4-Methoxy-phenyl)-thiophene-2-carboxylic acid According to the procedure
described above 424 mg of 3-(4-Methoxy-phenyl)-thiophene- 2-carboxylic acid
(LC-MS: tR = 0.94 min; [M-H]+ = 276.22.} was obtained from 3-
Bromothiophene-2-carboxylic acid (600 mg; 2.9 mmol) and
4-methoxyphenylboronic acid (440 mg; 2.9 mmol). A.1.11. Synthesis of
3-aryl-pyrazine-2-carboxylic acids: A.1.11.1
3-p-Tolyl-pyrazine-2-carboxylic acid 3-Chloropyrazine-2-carbonitrile (3.0
g; 21.5 mmol) was dissolved in dimethoxyethane (65 ml) and 4-tolylboronic
acid (3.2 g; 23.65 mmol) was added, followed by the addition of K2CO3 (8.2
g; 59 mmol) and water (30 ml). The reaction mixture was deoxygenized with N
(g) for 3 minutes followed by the addition of triphenylphosphine (842 mg;
3.2 mmol) and palladium(II)acetate (237 mg; 1.06 mmol). The reaction
mixture was heated to 900Cfor 14 h, cooled to rt, diluted with EtOAc,
filtered over a plug of celite and dried with magnesiumsulfate. The organic
solvent was evaporated under reduced pressure to give 5.3 g of
S-p-tolyl-pyrazine-l-carbonitrile. The intermediate nitrile was dissolved
in MeOH ( 110 ml) followed by the addition of 4M aq NaOH (180 ml). The
resulting mixture was heated to 85C for 14 h, cooled to rt and the MeOH was
evaporated under reduced pressure. The residual aq. phase was acidified to
pH=2 by the addition of cone. HCl and the precipitated product was filtered
off, dissolved in DCM / EtOAc and dried over magnesium sulfate, filtered
and concentrated under reduced pressure to give 2.30 g of 3-ptolyl-
pyrazine-2-carboxylic acid. LC-MS: tR = 0.40 min; [M-H]+ = 213.14. A.l.11.2
3-(3,4-Dimethyl-phenyl)-pyrazine-2-carboxylic acid According to the
procedure described above 3.8 g of 3-(3,4-Dimethyl-phenyl)-pyrazine-2-
carboxylic acid was prepared. LC-MS: tR = 0.50 min; [M-H]+ = 227'.07'.
A.l.11.3 S^lH-Indol- -ylJ-pyrazine^-carboxylic acid According to the
procedure described above 540 mg of 3-(lH-Indol-6-yl)-pyrazine-2-
carboxylic acid was prepared. LC-MS: tR = 0.72 min; [M-H]+ = 240.25. A.2
Synthesis of benzo[1,4] oxazine-carboxylic acid derivatives A.2.1 Synthesis
of 2-amino-3-hydroxy-benzoic acid methyl ester A solution of
(trimethylsilyl)diazomethane in hexane (2.0 M, 10.9 mmol) is added dropwise
(10 min) to a mixture of 3-hydroxy anthranilic acid (9.93 mmol) in MeOH
(10.5 mL) and toluene (42 mL). The mixture is stirred for 16h, concentrated
in vacuo, diluted with ether and EtOAc and washed several times with water.
The organic layer is dried over MgSO4 and concentrated under reduced
pressure. The residue is purified by flash chromatography (gradient:
heptane to heptane/EtOAc 7/3) to give the desired ester as a brown solid.
LC-MS: tR = 0.70 min; [M+H]+ = 168.0. A.2.2 Synthesis of
3-oxo-3,4-dihydro-2H-benzo[l,4]oxazine-5-carboxylic acid methyl ester At rt
chloro-acetyl chloride (8.06 mmol) is added dropwise to a solution of
2-amino-3- hydroxy-benzoic acid methyl ester (7.33 mmol) in DMF (50 mL).
After 20 min K2CO3 (34.9 mmol) is added portionwise, the mixture is stirred
for 16h at rt and the solvents are removed in vacuo. Water and DCM are
added, the layers are separated and the organic layer is washed with brine
and dried over Na2SO4. The solvents are removed in vacuo togive a crude
product which is purified by flash chromatography (gradient: heptane to
heptane/EtOAc 6/4). LC-MS: tR = 0.82 min; [M+CH3CN+H]+ = 249.0. A.2.3
Synthesis of 3,4-dihydro-2H-benzo[l,4]oxazine-5-carboxylic acid methyl
ester Boron trifluoride diethyl etherate (7.10 mmol) is added dropwise to a
mixture of 3-oxo- 3,4-dihydro-2H-benzo[l,4]oxazine-5-carboxylic acid methyl
ester (3.38 mmol) in THF (10 mL) to keep the temperature below 5C. After 20
min NaBH (7.10 mmol) is added and the mixture is stirred at 5C for 90 min.
EtOAc (6.0 mL) and hydrochloric acid (1.0 M, 6.0 mL) are added dropwise.
The mixture is made basic by addition of aq. Na2CO3 solution, the layers
are separated and the aq. layer is extracted with EtOAc. The combined
organic layers are dried over MgSO4 and concentrated in vacuo to give a
crude product which is purified by flash chromatography (gradient: heptane
to heptane/EtOAc 3/7). LC-MS: tR = 0.90 min; [M+CH3CN+H]+ = 235.3. A.2.4
Synthesis of benzo[l,4]oxazine-carboxylic acid derivatives by ester
hydrolysis (general procedure) A solution of NaOH (4.00 mmol) in a mixture
of MeOH (3.0 mL) and water (6.8 mL) is added to the respective ester
derivative (2.00 mmol). The mixture is stirred at 55C for 16h, partially
concentrated in vacuo to remove MeOH and made acidic by addition of
hydrochloric acid (1.0M). The respective carboxylic acid precipitates and
is collected by filtration. 3,4-dihydro-2H-benzo[l,4]oxazine-5-carboxylic
acid prepared by saponification of 3,4-dihydro-2H-benzo[l,4]oxazine-5
-carboxylic acid methyl ester. LC-MS: tR = 0.76 min; [M+H]+ = 180.2. A.3
Synthesis of 2,3,6,7-Tetrahydro-benzo[l,2-b;4,5-b']difuran-4-carboxylic
acid 4-Formyl-2,3,6,7-tetrahydro-benzo[l,2-b;4,5-b']difuran (0.25 mmol;
Lit.: A. P. Monte, D. Marona-Lewicka, M. A. Parker, D. B. Wainscott, D. L.
Nelson, D. E. Nichols J. Med. Chem., 1996, 39, 2953-2961) is added to a
stirred suspension of silver(I) oxide (0.375 mmol) in an aq. NaOH solution
(5%, 0.20 mL). The mixture is stirred for 5 h, filtered and washed with
water (2.0 mL). The filtate is cooled to 00C and made acidic by dropwise
addition of hydrochloric acid (25%). The obtained suspension is filtered
off and washed with ice-cold water and heptane. The residue is dried in
vacuo to give the desired acid as a grey powder which is used without
further purification. LC-MS (basic): tR = 0.20 min; [M-H] = 205.2.A.4
Synthesis of benzothiazole-7-carboxylic acid A.4.1 Synthesis of
3-thioureido-benzoic acid methyl ester At -10 0C sulfuric acid (0.46 rnL)
is added dropwise to a solution of methyl 3- aminobenzoate (17.2 mmol) in
chlorobenzene (19 rnL). After 15 min potassium thiocyanate (18.2 mmol) is
added portionwise over 30 min. The mixture is treated with 18-crown-6 (0.18
mmol), heated to 1000C for 16h and allowed to cool to rt. After 4h the
obtained precipitate is filtered off and washed successively with
chlorobenzene (33 mL) and hexane (three times 130 mL). The residue is
diluted with water (390 mL) and the suspension is stirred for 30 min. After
filtration the residue is washed twice with water (130 mL each),
concentrated in vacuo and dried additionally by azeotropic removal of water
with toluene. The obtained product is used without further purification.
LC-MS: 



tR = 0.66 min; [M+H]+ = 2 11.0. A.4.2 Synthesis of
l-amino-benzothiazole^-carboxylic acid methyl ester At 00C a solution of
bromine (13.4 mmol) in acetic acid (9.4 mL) is added dropwise to a
vigorously stirred solution of 3-thioureido-benzoic acid methyl ester (12.5
ml) in acetic acid (37 mL). The mixture is allowed to reach rt, stirred at
700C for 4h and cooled to rt. Ether is added and the precipitate is
filtered off. The residue is stirred vigorously in a sat aq. NaHCOs
solution, filtered off and washed with water. The obtained solid is dried
in vacuo to give the desired product which is used without further
purification. LC-MS: tR = 0.62 min; [M+H]+ = 209.0. A.4.3 Synthesis of
benzothiazole-7-carboxylic acid methyl ester Isoamyl nitrite (22.0 mmol) is
added to a solution of 2-amino-benzothiazole-7-carboxylic acid methyl ester
(10.1 mmol) in THF (29 mL). The mixture is heated to reflux for 4h, the
solvents are removed in vacuo and the residue is purified by flash
chromatography (gradient: heptane to EtOAc/heptane 4/6) to give the desired
product. LC-MS: tR = 0.85 min; [M+H]+ = 194.0. A.4.4 Synthesis of
benzothiazole-7-carboxylic acid At 00C an aq. NaOH solution (50%, 6.0 mL)
is added to a solution of benzothiazole-7- carboxylic acid methyl ester in
a mixture of MeOH (39 mL), THF ( 11.7 mL) and water (3.0 mL). The mixture
is stirred for 4h and concentrated in vacuo. At 00C water (60 mL) is added
and the mixture is made acidic (pH 5) by addition of cone hydrochloric
acid. After30 min the precipitate is filtered off, washed with water and
dried in vacuo to give the desired product. LC-MS: tR = 0.77 min;
[M+CH3CN+H]+ = 221.1. A.5 Synthesis of
6-methyl-pyrrolo[2,l-b]thiazole-7-carboxylic acid A.5.1 Synthesis of
6-bromo-pyrrolo[2,l-b]thiazole-7-carboxylic acid ethyl ester
N-Bromosuccinimide (0.56 mmol) is added to a solution of
pyrrolo[2,l-b]thiazole-7- carboxylic acid ethyl ester (0.56 mmol) in DCM
(6.0 mL). After 30 min water (5.0 mL) is added, the layers are separated
and the aq. layer is extracted with DCM (5.0 mL). The combined organic
layers are dried over Na2SO4 and the solvents are removed in vacuo to give
the desired product which is used without further purification. LC-MS: tR =
1.02 min; [M+H]+ = 273.9. A.5.2 Synthesis of
6-methyl-pyrrolo[2,l-b]thiazole-7-carboxylic acid ethyl ester Under
nitrogen atmosphere a solution of dimethylzinc in toluene (1.2 M, 19.1 mL)
is added to a mixture of 6-bromo-pyrrolo[2,l-b]thiazole-7-carboxylic acid
ethyl ester ( 11.4 mmol) and
[l,r-Bis(diphenylphosphino)ferrocene]dichloropalladium(II) (0.23 mmol,
complex with CH2CI2) in dioxane (35 mL). The mixture is heated to reflux
for 2h, stirred at rt for 12h and diluted by addition of MeOH (2.3 mL) and
TBME. The mixture is washed with hydrochloric acid (1.0 M) and water, dried
over MgSO4, concentrated in vacuo and purified by flash chromatography
(gradient: heptane to heptane/EtOAc 8/2) to give the desired product.
LC-MS: tR = 0.91 min; [M+H]+ = 210.0. A.5.3 Synthesis of
6-methyl-pyrrolo[2,l-b]thiazole-7-carboxylic acid A mixture of
6-methyl-pyrrolo[2,l-b]thiazole-7-carboxylic acid ethyl ester (7.29 mmol)
and NaOH (10.9 mmol) in EtOH ( 11.8 mL) and water ( 11.8 mL) is heated to
75C for 3d. The mixture is concentrated in vacuo and made acidic by
addition of hydrochloric acid (1.0 M). The obtained precipitate is filtered
off and dried in vacuo to give the desired product. LC-MS: tR = 0.73 min;
[M+H]+ = 182.0. A.6 Synthesis of 2-Methyl-benzooxazole-4-carboxylic acid
A.6.1 Synthesis of 2-Methyl-benzooxazole-4-carboxylic acid ethyl ester A
mixture of 2-amino-3 -hydroxy-benzoic acid ethyl ester (5.52 mmol; J .
Reisch, G. M. K. B. Gunaherath Monatshefte f r Chemie, 1988, 119, 1169-1
178), acetyl chloride (6.07 mmol), NEt3 (6.07 mmo) and pyridinium
p-toluenesulfonate (1.47 mmol) in xylene (60 mL) is heated at reflux for
16h, cooled to rt, diluted with EtOAc and washed with water. The organic
layer is dried over MgSO4 and concentrated in vacuo to give a crude
productwhich is purified by flash chromatography (gradient: heptane to
heptane/EtOAc 6/4). LC-MS: tR = 0.81 min; [M+H]+ = 206.0. A.6.2 Synthesis
of 2-Methyl-benzooxazole-4-carboxylic acid At 00C an aq. KOH solution
(1.0M, 2.40 rnL) is added to a solution of 2-methylbenzooxazole-
4-carboxylic acid ethyl ester (0.98 mmol) in MeOH (5.0 rnL) and stirred for
30 min. The mixture is allowed to reach rt, stirred for additional 60 min
and made acidic by addition of aq. hydrochloric acid (2.0 M). After removal
of MeOH under reduced pressure the obtained precipitate is filtered off to
give the desired product which is dried in vacuo. 1H-NMR (DMSO-d 6) : d =
2.64 (s, 3H); 7.41 (t, J = 8.0 Hz, IH); 7.83 (d, J = 7.8 Hz, IH); 7.88 (d,
J = 8.0 Hz, IH); 12.8 (bs, IH). B Preparation of scaffolds B.I Synthesis of
(lR,3S,4S)-3-Aminomethyl-2-aza-bicyclo[2.2.1]heptane-2- carboxylic acid
tert-butyl ester B.1.1 Synthesis of
(lR,3S,4S)-2-Aza-bicyclo[2.2.1]heptane-2,3-dicarboxylic acid 2- tert-butyl
ester 3-methyl ester A solution of
(lS,3S,4R)-2-((R)-l-Phenyl-ethyl)-2-aza-bicyclo[2.2.1]hept-5-ene-3-
carboxylic acid methyl ester (61.0 mmol; N. Hashimoto, H. Yasuda, M.
Hayashi, Y. Tanabe Org. Proc. Res. Dev. 2005, 9, 105-109) in EtOH (100 mL)
is treated with di-tertbutyl dicarbonate (62.2 mmol, 1.02eq) and Pd/C (10%,
2.0 g). The mixture is stirred under a hydrogen atmosphere (7 bar) for 3d.
After filtration through celite and removal of the solvents in vacuo the
desired product is obtained which is used without further purification.
1H-NMR (CDCl3, 2 rotamers): d = 1.25-1.31 (m, IH); 1.41 & 1.48 (2 s, 9H);
1.48-1.81 (m, 4H); 1.92-1.97 (m, IH); 2.68 (bs, IH); 3.74 (s, 3H); 3.75 &
3.86 (2 bs, IH); 4.24 & 4.38 (2 bs, IH). B.1.2 Synthesis of
(lR,3S,4S)-3-Hydroxymethyl-2-aza-bicyclo[2.2.1]heptane-2- carboxylic acid
tert-butyl ester At -78C a solution of DIBAL in toluene (1.7M, 137 mmol) is
added dropwise to a solution of
(lR,3S,4S)-2-aza-bicyclo[2.2.1]heptane-2,3-dicarboxylic acid 2-tert-butyl
ester 3-methyl ester (61.0 mmol) in THF (180 mL). After 80 min the solution
is allowed to reach rt, stirred for additional 2 h and poured into a
mixture of aq. NaOH solution (1.0M, 200 mL) and ice. EtOAc (150 mL) is
added, the layers are separated and the aq. layer is extracted three times
with EtOAc (150 mL each). The combined organic layers are washedwith aq.
NaOH solution (1.0M) and brine, dried over Na SO and concentrated in vacuo
to give a crude product which is used without further purification. LC-MS
(basic): tR = 0.78 min; [M+H]+ = 228.3. B.1.3 Synthesis of
(lR,3S,4S)-3-Formyl-2-aza-bicyclo[2.2.1]heptane-2-carboxylic acid
tert-butyl ester To a cold (-600C) solution of oxalyl chloride (60.8 mmol)
in dry DCM (130 mL) is added dropwise DMSO ( 111 mmol) within 5 min. After
15 min a solution of (lR,3S,4S)-3- 



hydroxymethyl-2-aza-bicyclo[2.2.1]heptane-2-carboxylic acid tert-butyl
ester (50.7 mmol) in dry DCM (40 mL) is added dropwise within 15 min.
Stirring is continued for 45 min at -55C, then DIPEA (253 mmol; dried over
3A molecular sieve) is added during 5 min. The reaction mixture is allowed
to reach rt and diluted with water (250 mL). The layers are separated and
the organic layer is washed twice with aq. citric acid (5%, 200 mL each)
and twice with brine. The combined organic layers are dried over MgSO and
concentrated in vacuo to give the desired product which is used without
further purification. 1H-NMR (CDCl3, 2 rotamers): d = 1.31-1.37 (m, IH);
1.44 & 1.50 (2 s, 9H); 1.58-1.84 (m, 5H); 2.78 & 2.81 (2 bs, IH); 3.60 &
3.74 (2 bs, IH); 4.26 & 4.41 (2 bs, IH); 9.55 & 9.60 (2 bs, IH). B.1.4
Synthesis of (lR,3S,4S)-3-(Benzylamino-methyl)-2-aza-bicyclo[2.2.1]heptane-
2-carboxylic acid tert-butyl ester Benzylamine (49.7 mmol) is added to a
solution of (lR,3S,4S)-3-formyl-2-azabicyclo[ 2.2.1]heptane-2-carboxylic
acid tert-butyl ester (49.7 mmol) in DCM (200 mL). The mixture is treated
with sodium triacetoxyborohydride (69.6 mmol), stirred for additional 20
min, poured into water (200 mL) and stirred vigorously for 10 min. The
layers are separated and the aq. layer is extracted twice with DCM (2x100
mL). The combined organic layers are washed with sat. NaHCO solution (100
mL), water (100 mL) and brine (150 mL), dried over MgSO4 and treated with
activated charcoal (5 g). The mixture is filtered through celite and the
filtrate is concentrated in vacuo to give the desired benzylamine which is
used without further purification. LC-MS (basic): tR = 1.00 min; [M+H]+ =
317.3. B.1.5 Synthesis of
(lR,3S,4S)-3-Aminomethyl-2-aza-bicyclo[2.2.1]heptane-2- carboxylic acid
tert-butyl ester A solution of
(lR,3S,4S)-3-(benzylamino-methyl)-2-aza-bicyclo[2.2.1]heptane-2- carboxylic
acid tert-butyl ester (39.8 mmol) in EtOH (120 mL) is treated with Pd/C
(10%,4.0 g) and stirred under a hydrogen atmosphere (7 bar) for 1 d. An
additional amount of Pd/C (1.0 g) is added and the mixture is stirred for
further 6 h under a hydrogen atmosphere (7 bar). After filtration through
celite and removal of the solvents in vacuo the desired amine is obtained
which is used without further purification. LC-MS (basic): tR = 0.85 min;
[M+H]+ = 227.3. B.2 Synthesis of (lR^S^SJ-S-Acylaminomethyl-l-aza-bicyclo
.l.ljheptane derivatives B.2.1 Synthesis of
(lR^S^SJ-S-Acylaminomethyl^-aza-bicyclo J.llheptane^- carboxylic acid
tert-butyl ester derivatives (general procedure) TBTU (0.73 mmol, 1.1 Oeq)
is added to a solution of the respective carboxylic acid (0.70 mmol,
1.05eq) and DIPEA (1.66 mmol, 2.5eq) in DCM (1.0 mL) and DMF (0.25 mL).
After 10 min a solution of
(lR,3S,4S)-3-aminomethyl-2-aza-bicyclo[2.2.1]heptane-2- carboxylic acid
tert-butyl ester (0.66 mmol, l.Oeq) in DCM (1.0 mL) is added and the
mixture is stirred for 2h and washed twice with water (1.0 mL). The organic
layer is dried over MgSO , the solvents are removed in vacuo and the
residue is purified by prep. HPLC to give the respective amide.
(lR,3S,4S)-3-{[(Benzofuran-4-carbonyl)-amino]-methyl}-2-aza-bicyclo[2.2.1]h
eptane- 2-carboxylic acid tert-butyl ester prepared by reaction of
(lR,3S,4S)-3-aminomethyl-2-aza-bicyclo[2.2.1]heptane-2- carboxylic acid
tert-butyl ester with benzofuran-4-carboxylic acid (M.A. Eissenstat et al.
J. Med. Chem. 1995, 38, 3094-3105). LC-MS (basic): tR = 0.97 min; [M+H]+ =
371.1. (1R,3 S,4S)-3- {[(Quinoline-8-carbonyl)-amino]
-methyl}-2-aza-bicyclo [2.2. 1]heptane-2- carboxylic acid tert-butyl ester
prepared by reaction of
(lR,3S,4S)-3-aminomethyl-2-aza-bicyclo[2.2.1]heptane-2- carboxylic acid
tert-butyl ester with quinoline-8-carboxylic acid. LC-MS (basic): t = 0.95
min; [M+H]+ = 382.2. (1R,3 S,4S)-3- {[(2,3-Dihydro-benzo [1,4]
dioxine-5-carbonyl)-amino] -methyl}-2-azabicyclo [2.2.1]
heptane-2-carboxylic acid tert-butyl esterprepared by reaction of
(lR,3S,4S)-3-aminomethyl-2-aza-bicyclo[2.2.1]heptane-2- carboxylic acid
tert-butyl ester with 2,3-dihydro-benzo[l,4]dioxine-5-carboxylic acid. LCMS
(basic): tR = 0.91 min; [M+H]+ = 389.1.
(lR,3S,4S)-3-{[(6-Methyl-imidazo[2,l-b]thiazole-5-carbonyl)-amino]-methyl}-
2-azabicyclo [2.2.1] heptane-2-carboxylic acid tert-butyl ester prepared by
reaction of (lR,3S,4S)-3-aminomethyl-2-aza-bicyclo[2.2.1]heptane-2-
carboxylic acid tert-butyl ester with
6-methyl-imidazo[2,l-b]thiazole-5-carboxylic acid. LC-MS (basic): tR = 0.88
min; [M+H]+ = 391.1.
(lR,3S,4S)-3-{[(2-Ethyl-5-methyl-2H-pyrazole-3-carbonyl)-amino]-methyl}-2-a
zabicyclo [2.2.1] heptane-2-carboxylic acid tert-butyl ester prepared by
reaction of (lR,3S,4S)-3-aminomethyl-2-aza-bicyclo[2.2.1]heptane-2-
carboxylic acid tert-butyl ester with
2-ethyl-5-methyl-2H-pyrazole-3-carboxylic acid. LCMS (basic): tR = 0.92
min; [M+H]+ = 363.0. B.2.2 Synthesis of
(lR,3S,4S)-3-Acylaminomethyl-2-aza-bicyclo[2.2.1]heptane derivatives
(general procedure) A solution of HCl in dioxane (4.0 M, 2.0 mL) is added
to a solution of the respective Bocprotected 2-aza-bicyclo[2.2.1]heptane
derivative (0.40 mmol) in dioxane (1.0 mL). After LC-MS indicated complete
conversion (2h) the mixture is concentrated in vacuo. The residue is
repeatedly dissolved in a mixture of MeOH and EtOAc and concentrated in
vacuo to give the respective deprotected product as a hydrochloride salt
which is used without further purification. Benzofuran-4-carboxylic acid
[(lR,3S,4S)-l-(2-aza-bicyclo[2.2.1]hept-3-yl)methyl]- amide prepared by
deprotection of (lR,3S,4S)-3-{[(Benzofuran-4-carbonyl)-amino]-methyl}-2-
aza-bicyclo[2.2.1]heptane-2-carboxylic acid tert-butyl ester. LC-MS
(basic): tR = 0.83 min; [M+H]+ = 271.2.Quinoline-8-carboxylic acid
[(lR,3S,4S)-l-(2-aza-bicyclo[2.2.1]hept-3-yl)methyl]- amide prepared by
deprotection of (lR,3S,4S)-3-{[(Quinoline-8-carbonyl)-amino]-methyl}-2-
aza-bicyclo[2.2.1]heptane-2-carboxylic acid tert-butyl ester. LC-MS
(basic): tR = 0.93 min; [M+H]+ = 282.2.
2,3-Dihydro-benzo[l,4]dioxine-5-carboxylic acid
[(lR,3S,4S)-l-(2-aza-bicyclo[2.2.1] hept-3-yl)methyl] -amide prepared by
deprotection of (lR,3S,4S)-3-{[(2,3-Dihydro-benzo[l,4]dioxine-5-carbonyl)-
amino]-methyl}-2-aza-bicyclo[2.2.1]heptane-2-carboxylic acid tert-butyl
ester. LC-MS (basic): tR = 0.81 min; [M+H]+ = 289.2.
6-Methyl-imidazo[2,l-b]thiazole-5-carboxylic acid
[(lR,3S,4S)-l-(2-aza-bicyclo[2.2.1] hept-3-yl)methyl] -amide 



prepared by deprotection of
(lR,3S,4S)-3-{[(6-Methyl-imidazo[2,l-b]thiazole-5-carbonyl)-
amino]-methyl}-2-aza-bicyclo[2.2.1]heptane-2-carboxylic acid tert-butyl
ester. LC-MS (basic): tR = 0.69 min; [M+H]+ = 291.1.
2-Ethyl-5-methyl-2H-pyrazole-3-carboxylic acid
[(lR,3S,4S)-l-(2-aza-bicyclo[2.2.1] hept-3-yl)methyl] -amide prepared by
deprotection of (lR,3S,4S)-3-{[(2-Ethyl-5-methyl-2H-pyrazole-3-carbonyl)-
amino]-methyl}-2-aza-bicyclo[2.2.1]heptane-2-carboxylic acid tert-butyl
ester. LC-MS (basic): tR = 0.69 min; [M+H]+ = 263.3. B.3 Synthesis of
2-substituted (lR,3S,4S)-3-Aminomethyl-2-azabicyclo [2.2.1] heptane
derivatives B.3.1 Synthesis of
(lR,3S,4S)-3-[(2,2,2-Trifluoro-acetylamino)-methyl]-2-azabicyclo [2.2.1]
heptane-2-carboxylic acid tert-butyl ester Ethyl trifluoroacetate (12.2
mmol, 1.30eq) is added to a solution of (lR,3S,4S)-3-
aminomethyl-2-aza-bicyclo[2.2.1]heptane-2-carboxylic acid tert-butyl ester
(9.42 mmol, l.OOeq) and DIPEA (14.1 mmol, 1.50eq) in THF (25 mL). After 50
min the mixture is concentrated in vacuo, diluted with TBME (100 mL) and
washed twice with aq. citric acid (5%) and water respectively. The organic
layer is dried over MgSO4 and concentrated in vacuo to give a crude product
which is used without further purification. LC-MS (basic): tR = 0.95 min;
[M+H]+ = 323.2.B.3.2 Synthesis of
N-[(lR,3S,4S)-l-(2-Aza-bicyclo[2.2.1]hept-3-yl)methyl]-2,2,2-
trifluoro-acetamide (hydrochloride salt) A solution of HCl in dioxane (4 M,
40 mL) is added to a solution of (lR,3S,4S)-3-[(2,2,2-
trifluoro-acetylamino)-methyl]-2-aza-bicyclo[2.2. 1]heptane-2-carboxylic
acid tert-butyl ester (12.0 mmol) in dioxane (15 mL). After 3h the solvents
are removed in vacuo to give the desired product as a brownish solid which
is used without further purification in the next step. LC-MS (basic): tR =
0.69 min; [M+H]+ = 223.2. B.3.3 Synthesis of
2,2,2-Trifluoro-N-[(lR,3S,4S)-2-(5-phenyl-thiazole-4-carbonyl)-2-
aza-bicyclo[2.2.1]hept-3-ylmethyl]-acetamide derivatives (general
procedure) TBTU (1.70 mmol, 1.1 eq) is added to a solution of the
respective 5-phenyl-thiazole-4- carboxylic acid derivative (1.62 mmol,
1.05eq) and DIPEA (2.33 mmol, 1.5 eq) in DMF (5.0 mL). The mixture is
stirred for 10 min and treated with a solution of N-[(1R,3S,4S)-1-
(2-Aza-bicyclo[2.2.1]hept-3-yl)methyl]-2,2,2-trifluoro-acetamide (1.55
mmol, l.Oeq) and DIPEA (3.87 mmol, 2.5eq) in DMF (5.0 mL). After 90 min the
mixture is diluted with TBME (50 mL) and washed three times with an aq.
NaOH solution (0.5 M, 50 mL each). The combined aq. layers are extracted
twice with TBME (30 mL each). The organic layers are combined, washed with
water (3 x 30 mL) and brine (30 mL), dried over MgSO and concentrated in
vacuo to give a crude product which is used without further purification.
2,2,2-Trifluoro-N-[(lR,3S,4S)-2-(2-methyl-5-m-tolyl-thiazole-4-carbonyl)-2-
azabicyclo [2.2.1] hept-3-ylmethyl] -acetamide prepared by reaction of
N-[(lR,3S,4S)-l-(2-Aza-bicyclo[2.2.1]hept-3-yl)methyl]-2,2,2-
trifluoro-acetamide with 2-methyl-5-m-tolyl-thiazole-4-carboxylic acid.
LC-MS (basic): tR = 0.94 min; [M+H]+ = 438.0.
N-{(lR,3S,4S)-2-[5-(3-Chloro-phenyl)-2-methyl-thiazole-4-carbonyl]-2-azabic
yclo [2.2.1] hept-3-ylmethyl}-2,2,2-trifluoro-acetamide prepared by
reaction of N-[(lR,3S,4S)-l-(2-Aza-bicyclo[2.2.1]hept-3-yl)methyl]-2,2,2-
trifluoro-acetamide with 5-(3-Chloro-phenyl)-2-methyl-thiazole-4-carboxylic
acid. LC-MS (basic): tR = 0.95 min; [M+H]+ = 457.7. B.3.4 Synthesis of
N-{(lR,3S,4S)-2-[2-Amino-5-(3-fluoro-phenyl)-thiazole-4- carbonyl]
-2-aza-bicyclo [2.2. 1]hept-3-ylmethyl}-2,2,2-trifluoro-acetamide TBTU
(1.70 mmol, 1.1 Oeq) is added to a solution of
2-amino-5-(3-fluoro-phenyl)-thiazole- 4-carboxylic acid (1.62 mmol,
1.05eq),
N-[(lR,3S,4S)-l-(2-Aza-bicyclo[2.2.1]hept-3-yl)methyl]-2,2,2-trifluoro-acet
amide (1.55 mmol, l.Oeq) and DIPEA (5.41 mmol, 3.5eq) in DMF (10 niL).
After 90 min the mixture is diluted with TBME (50 mL) and washed three
times with an aq. NaOH solution (0.5 M, 50 mL each). The combined aq.
layers are extracted twice with TBME (30 mL each). The organic layers are
combined, washed with water (3 x 30 mL) and brine (30 mL), dried over MgSO
and concentrated in vacuo to give a crude product which is used without
further purification. LC-MS (basic): t = 0.82 min; [M+H]+ = 442.9. B.3.5
Synthesis of
N-{(lR,3S,4S)-2-[2-Dimethylamino-5-phenyl-thiazole-4-carbonyl]-
2-aza-bicyclo [2.2.1] hept-3-ylmethyl}-2,2,2-trifluoro-acetamide
derivatives (general procedure) TBTU (2.13 mmol) and DIPEA (4.83 mmol) are
added to a solution of the respective 5- phenyl-thiazole-4-carboxylic acid
derivative (2.32 mmol) in MeCN (5.0 mL). The mixture is stirred for 15 min
and treated with a solution of N-[(lR,3S,4S)-l-(2-AzabicycloP^.
hept-S-yOmethy^^^^-trifluoro-acetamide (1.93 mmol) and DIPEA (4.83 mmol) in
MeCN (5.0 mL). After 14h the mixture is diluted with EtOAc and washed three
times with brine. The combined aq. layers are extracted with EtOAc. The
organic layers are combined, dried over MgSO and concentrated in vacuo to
give the respective crude product which is used without further
purification.
N-{(lR,3S,4S)-2-[2-Dimethylamino-5-phenyl-thiazole-4-carbonyl]-2-azabicyclo
[2.2.1] hept-3-ylmethyl}-2,2,2-trifluoro-acetamide prepared by reaction of
N-[(lR,3S,4S)-l-(2-Aza-bicyclo[2.2.1]hept-3-yl)methyl]-2,2,2-
trifluoro-acetamide with 2-dimethylamino-5-phenyl-thiazole-4-carboxylic
acid. LC-MS: tR = 1.10 min; [M+H]+ = 453.1.
N-{(lR,3S,4S)-2-[2-Dimethylamino-5-(3-fluoro-phenyl)-thiazole-4-carbonyl]-2
-azabicyclo [2.2.1] hept-3-ylmethyl}-2,2,2-trifluoro-acetamide prepared by
reaction of N-[(lR,3S,4S)-l-(2-Aza-bicyclo[2.2.1]hept-3-yl)methyl]-2,2,2-
trifluoro-acetamide with
2-dimethylamino-5-(3-fluoro-phenyl)-thiazole-4-carboxylic acid. LC-MS: tR =
1.12 min; [M+H]+ = 471.1. B.3.6 Synthesis of
((lR,3S,4S)-3-Aminomethyl-2-aza-bicyclo[2.2.1]hept-2-yl)-[5-
phenyl-thiazol-4-yl]-methanone derivatives (general procedure) A solution
of the respective 2,2,2-trifluoro-N-[(lR,3S,4S)-2-(5-phenyl-thiazole-4-
carbonyl)-2-aza-bicyclo[2.2.1]hept-3-ylmethyl]-acetamide derivative (1.49
mmol) inMeOH (5.0 niL) is treated with a sat. aq. K2CO3 solution (0.4 rnL)
and stirred at 60C for 6h. After stirring at rt for additional 14h the
mixture is concentrated in vacuo and the residue is made acidic by addition
of aq. citric acid (5%). The aq. layer is washed three times with TBME,
made basic by addition of aq. NaOH solution and extracted four times with
DCM. The combined DCM-layers are dried over Na SO4 and concentrated in
vacuo to give the desired product which is used without further
purification.
((lR^S^SJ-S-Aminomethyl-l-aza-bicycloIl.l.llhept-l-yO-Cl-methyl-S-m-tolylth
iazol- 4-yl)-methanone 



prepared by deprotection of
2,2,2-Trifluoro-N-[(lR,3S,4S)-2-(2-methyl-5-m-tolyl-thiazole-
4-carbonyl)-2-aza-bicyclo[2.2.1]hept-3-ylmethyl]-acetamide. LC-MS (basic):
tR = 0.77 min; [M+H]+ = 342.1.
((lR,3S,4S)-3-Aminomethyl-2-aza-bicyclo[2.2.1]hept-2-yl)-[5-(3-chloro-pheny
l)-2- methyl-thiazol-4-yl] -methanone prepared by deprotection of
N-{(lR,3S,4S)-2-[5-(3-Chloro-phenyl)-2-methyl-thiazole-4-
carbonyl]-2-aza-bicyclo[2.2.1]hept-3-ylmethyl}-2,2,2-trifluoro-acetamide.
LC-MS (basic): tR = 0.79 min; [M+H]+ = 361.7. B.3.7 Synthesis of
[2-Amino-5-(3-fluoro-phenyl)-thiazol-4-yl]-((lR,3S,4S)-3-
aminomethyl-2-aza-bicyclo [2.2.1]hept-2-yl)-methanone A solution of
N-{(lR,3S,4S)-2-[2-Amino-5-(3-fluoro-phenyl)-thiazole-4-carbonyl]-2-azabicy
cloP^. hept-S-ylmethyll^^^-trifluoro-acetamide (0.98 mmol) in MeOH (3.2 mL)
is treated with a sat. aq. K2CO solution (0.3 mL) and stirred at 600C for
6h. After stirring at rt for additional 14h the mixture is concentrated in
vacuo and the residue is made basic by addition of aq. NaOH solution. A 1:1
mixture of TBME and EtOAc is added and the mixture is stirred vigorously
for Ih. The layers are separated and the aq. layer is extracted with a 1:1
mixture of TBME and EtOAc. The combined organic layers are dried over
Na2SO4 and concentrated in vacuo to give the desired product which is used
without further purification. LC-MS (basic): tR = 0.68 min; [M+H]+ = 347.1.
B.3.8 Synthesis of
((lR,3S,4S)-3-Aminomethyl-2-aza-bicyclo[2.2.1]hept-2-yl)-[ 2-
dimethylamino-5-phenyl-thiazol-4-yl] -methanone derivatives (general
procedure) A solution of the respective
2,2,2-trifluoro-N-[(lR,3S,4S)-2-(2-dimethylamino-5-phenylthiazole-
4-carbonyl)-2-aza-bicyclo[2.2. l]hept-3-ylmethyl]-acetamide derivative
(2.49 mmol) in isopropanol (30 mL) is treated with an aq. NaOH solution
(1.0 M, 8.0 mL) andstirred for 3h. Water and EtOAc are added, the layers
are separated and the aq. layer is extracted with EtOAc. The combined
organic layers are washed with water, dried over MgSO4 and concentrated in
vacuo to give the desired product which is used without further
purification. ((lR^S^SJ-S-Aminomethyl^-aza-bicyclo
^.llhept^-yO-^-dimethylamino-Sphenyl- thiazol-4-yl)-methanone prepared by
deprotection of N-{(lR,3S,4S)-2-[2-Dimethylamino-5-phenyl-thiazole-4-
carbonyl]-2-aza-bicyclo[2.2.1]hept-3-ylmethyl}-2,2,2-trifluoro-acetamide.
LC-MS: tR = 0.80 min; [M+H]+ = 357.1.
((lR^S^SJ-S-Aminomethyl-l-aza-bicycloIl.l.llhept-l-yO-Il-dimethylamino-S-CS
fluoro- phenyl)-thiazol-4-yl]-methanone prepared by deprotection of
N-{(lR,3S,4S)-2-[2-Dimethylamino-5-(3-fluoro-phenyl)-
thiazole-4-carbonyl]-2-aza-bicyclo[2.2. 1]hept-3-ylmethyl}
-2,2,2-trifluoro-acetamide. LCMS: tR = 0.81 min; [M+H]+ = 375.1. B.4
Synthesis of
[(lR,3S,4S)-l-(2-Aza-bicyclo[2.2.1]hept-3-yl)methyl]-(5-bromopyrimidin-
2-yl)-amine B.4.1 Synthesis of
(lR,3S,4S)-3-[(5-Bromo-pyrimidin-2-ylamino)-methyl]-2-azabicyclo [2.2.1]
heptane-2-carboxylic acid tert-butyl ester 5-Bromo-2-chloro-pyrimidine
(8.62 mmol) is added to a solution of (lR,3S,4S)-3-
aminomethyl-2-aza-bicyclo[2.2.1]heptane-2-carboxylic acid tert-butyl ester
(6.63 mmol) in o-xylene (25 mL). K2CO3 (20.0 mmol) and DIPEA (19.9 mmol)
are added successively and the mixture is heated to 1380C for 16h. The
mixture is cooled to rt and filtered. The residue is washed with DCM and
the combined filtrates are concentrated in vacuo to give the desired
product which is used without further purification. LC-MS: tR = 1.09 min;
[M+H]+ = 383.3. B.4.2 Synthesis of
[(lR,3S,4S)-l-(2-Aza-bicyclo[2.2.1]hept-3-yl)methyl]-(5-bromopyrimidin-
2-yl)-amine A solution of HCl in dioxane (4.0 M, 30 mL) is added to a
solution of (lR,3S,4S)-3-[(5-
bromo-pyrimidin-2-ylamino)-methyl]-2-aza-bicyclo[2.2.
1]heptane-2-carboxylic acid tertbutyl ester (6.63 mmol) in dioxane (30 mL).
After 4h the solvents are removed in vacuo to give a crude product which is
used without further purification. LC-MS: tR = 0.64 min; [M+H]+ = 283.0.C.
Preparation of compounds of formula (I): C l Synthesis of carboxylic amide
derivatives (general procedure) To a solution of the respective carboxylic
acid (0.030 mmol, 1.2eq) in DMF (0.50 rnL) is added successively DIPEA
(0.025 mmol, l.Oeq) and a solution of TBTU (0.030 mmol, 1.2eq) in DMF (0.50
mL). The obtained mixture is treated with a solution of the respective
2-aza-bicyclo[2.2.1]heptane derivative (0.025 mmol, l.Oeq, hydrochloride
salt) and DIPEA (0.050 mmol, 2.0eq) in DMF (0.50 mL). The mixture is shaken
over night and purified by prep. HPLC to give the respective amide
derivative. Starting from Quinoline-8-carboxylic acid
[(lR,3S,4S)-l-(2-aza-bicyclo[2.2.1]hept-3- yl)methy1] -amide:Starting from
2,3-Dihydro-benzo[l,4]dioxine-5-carboxylic acid
[(lR,3S,4S)-l-(2-azabicyclo[ 2.2.1]hept-3-yl)methyl]-amide: Starting from
Benzofuran-4-carboxylic acid [(lR,3S,4S)-l-(2-aza-bicyclo[2.2.1]hept-3-
yl)methy1] -amide:Starting from
6-Methyl-imidazo[2,l-b]thiazole-5-carboxylic acid
[(lR,3S,4S)-l-(2-azabicyclo[ 2.2.1]hept-3-yl)methyl]-amide:METHODS FOR
TRANSFERRING POINTS OF INTEREST BETWEEN IMAGES WITH NON-PARALLEL VIEWING
DIRECTIONS FIELD AND BACKGROUND OF THE INVENTION The present invention
relates to the field of image processing and, in particular, it concerns
methods for locating in one perspective view a point of interest designated
in another perspective view where the viewing directions of the two views
are significantly non-parallel. A common problem in the field of
multi-platform field operations is communication of a point of interest
between different platforms. Specifically, it is often desired to designate
a particular location (e.g., pixel) within an image of a scene viewed from
a first direction and then to determine the corresponding location (pixel)
of the same point of interest in an image of the scene as viewed from a
different direction. When the viewing directions are near-parallel, or
where the scene is generally flat so that few features are obscured, this
task can be achieved by well developed image processing techniques for
image correlation which identify pairs of corresponding features in the two
images and determine a transformation between the images which maps
pixel-to-pixel between the images. For scenes with pronounced vertical
topology, such as urban terrain, and where viewing directions are
significantly non-parallel, the problem rapidly becomes much more
difficult, if not 



insoluble.The source of the aforementioned difficulty is intuitively
understood if one considers two aerial cameras viewing a group of buildings
from the West and from the East, respectively. Clearly, all features on the
vertical faces of the buildings are not shared between the two images and
cannot form a basis for conventional image correlation. Furthermore, if the
buildings are densely positioned and the viewing angles shallow, much of
the ground area between the buildings may be obscured in one or both
images. As a result, the vast majority of the features in each image may
not have corresponding features in the other image, leaving relatively few
features, typically including parts of the building roofs, in common. As
the proportion of corresponding features in the two images decreases, the
reliability and accuracy of conventional image correlation techniques
rapidly declines. An alternative approach to transferring a point of
interest between two perspective views is by registration of each image to
a geographical image database. Each image is separately correlated to the
corresponding subregion of an image retrieved from the geographical image
database, and hence each pixel of each image is associated with a known
geographical coordinate. The geographic coordinates then provide a common
language to allow transfer of points of interest from one image to the
other. The use of a geographical reference image ("orthophoto" or satellite
image) has certain advantages. Firstly, the use of an overhead view tends
to limit the maximum angular discrepancy between viewing directions of the
images to be correlated. Secondly, the digital terrain map (DTM)
associatedwith the geographical database provides additional information
which can be used to facilitate the correlation processing. Nevertheless,
this approach also encounters major problems when dealing with urban
terrain where the DTM typically lacks sufficient resolution and/or may not
be sufficiently up-to-date to define building structures and the
aforementioned problems of insufficient correspondence between features
tend to occur. For the above reasons, the generally accepted approach to
field operations in urban terrain is that a full three-dimensional model of
the external surfaces of the building structures should be determined. This
may be achieved using structure-from-motion ("SFM") techniques in which
features are tracked through successive frames of a video to derive
locations of the features in three-dimensions, and the tracked features are
then associated to identify surfaces of the structures. This model can then
be used to provide additional information for any given viewing direction,
thereby facilitating registration of each subsequent perspective view with
the model and the transfer of points of interest to or from each image.
Although the three-dimensional model approach is highly effective, it is
not always feasible in practical operations. Specifically, construction of
a threedimensional model requires acquisition of images from all directions
around the buildings in question as well as computationally intensive
processing. Limitations of time and/or accessibility in hostile territory
may preclude this approach.A further technical hurdle presented by the
three-dimensional model approach is alignment of the model with the
real-world geographic coordinate system. The geometrical form of the
three-dimensional model, typically represented as a precise local elevation
map, is a fundamentally different and incompatible form of data from the
image data of an orthophoto or satellite image tied to the geographical
coordinate system. In many cases, this alignment can only be performed
reliably as a laborious manual procedure, rendering the technique
impractical for automated or real-time operations. There is therefore a
need for methods for locating in one perspective view a point of interest
designated in another perspective view where the viewing directions of the
two views are significantly non-parallel, and particularly in urban terrain
where full three-dimensional model data is unavailable. SUMMARY OF THE
INVENTION The present invention is a method for locating in one perspective
view a point of interest designated in another perspective view where the
viewing directions of the two views are significantly non-parallel.
According to the teachings of the present invention there is provided, a
method for identifying within a working image of a scene a point of
interest designated within a designation image of a scene, the designation
image being taken along a first viewing direction and the working image
being taken along a second viewing direction, the second viewing direction
being significantlynon-parallel to the first viewing direction, the method
comprising the steps of: (a) obtaining a designation image of the scene;
(b) obtaining a working image of the scene; (c) correlating the designation
image and the working image with each other, directly or by correlating
each of the designation image and the working image with a common reference
image, so as to derive an interrelation between the designation image and
the working image; and (d) employing the interrelation between the
designation image and the working image to derive a location within the
working image of a point of interest designated within the designation
image, characterized in that the method further comprises: (e) obtaining a
secondary designation image taken along a viewing direction displaced from,
but similar to, the first viewing direction; and (f) co-processing the
designation image and the secondary designation image to derive range
information relating to a plurality of pixels in the designation image,
thereby defining a partial relative three-dimensional model of a portion of
the scene relative to the viewing direction of the designation image,
wherein the partial relative three-dimensional model is used in the step of
correlating. According to a further feature of the present invention, the
step of correlating includes employing the range information to generate a
simulated image generated by warping the designation image to approximate a
view taken along the second viewing direction and correlating the working
image with the simulated image. According to a further feature of the
present invention, the step of correlating includes correlating each of the
designation image and the workingimage with a reference image taken along a
reference viewing direction, and wherein the partial relative
three-dimensional model is used to derive a local 



relative depth map for at least a subregion of the reference image.
According to a further feature of the present invention, the reference
viewing direction is intermediate to the first and second viewing
directions. According to a further feature of the present invention, the
reference image is a geographically anchored reference image, and wherein
the local relative depth map is a local relative digital elevation map for
at least a subregion of the geographically anchored reference image.
According to a further feature of the present invention, the designation
image and the working image are derived from different imaging sensors.
There is also provided according to the teachings of the present invention,
a method for identifying within a working image of a scene a point of
interest designated within a designation image of a scene, the designation
image being taken along a first viewing direction and the working image
being taken along a second viewing direction, the second viewing direction
being significantly non-parallel to the first viewing direction, the method
comprising the steps of: (a) obtaining a designation image of the scene
taken along the first viewing direction; (b) obtaining a secondary
designation image taken along a viewing direction displaced from, but
similar to, the first viewing direction; (c) co-processing the designation
image and the secondary designation image to derive range information
relating to a plurality of pixels in the designation image, thereby
defining a partial relative three-dimensional model of a portionof the
scene relative to the viewing direction of the designation image; (d)
obtaining a working image of the scene taken along the second viewing
direction; (e) employing the range information to generate a simulated
image generated by warping the designation image to approximate a view
taken along the second viewing direction; (f) correlating the working image
with the simulated image so as to derive an interrelation between the
designation image and the working image; and (g) employing the
interrelation between the designation image and the working image to derive
a location within the working image of a point of interest designated
within the designation image. There is also provided according to the
teachings of the present invention, a method for identifying within a
working image of a scene a point of interest designated within a
designation image of a scene, the designation image being taken along a
first viewing direction and the working image being taken along a second
viewing direction, the second viewing direction being significantly
non-parallel to the first viewing direction, the method comprising the
steps of: (a) obtaining a designation image of the scene taken along the
first viewing direction; (b) obtaining a secondary designation image taken
along a viewing direction displaced from, but similar to, the first viewing
direction; (c) co-processing the designation image and the secondary
designation image to derive range information relating to a plurality of
pixels in the designation image; (d) correlating the designation image with
a reference image taken along a reference viewing direction so as to derive
an interrelation between the designation image and the reference image, the
range information being used toderive a local relative depth map for at
least a subregion of the reference image; (e) correlating the working image
with the reference image so as to derive an interrelation between the
reference image and the working image, the correlating being performed
using the local relative depth map; and (f) employing the interrelations
between the designation image and the reference image and between the
working image and the reference image to derive a location within the
working image of a point of interest designated within the designation
image. According to a further feature of the present invention, the
reference viewing direction is intermediate to the first and second viewing
directions. According to a further feature of the present invention, the
reference image is a geographically anchored reference image, and wherein
the local relative depth map is a local relative digital elevation map for
at least a subregion of the geographically anchored reference image. BRIEF
DESCRIPTION OF THE DRAWINGS The invention is herein described, by way of
example only, with reference to the accompanying drawings, wherein: FIG. 1
is a schematic representation of a scenario in which the present invention
will be illustrated wherein two imaging sensors acquire images of an urban
scene from different viewing directions;FIG. 2 is a flow chart illustrating
a first implementation of a method for transferring points of interest
between images taken from different viewing directions according to the
teachings of the present invention; and FIG. 3 is a flow chart illustrating
a second implementation of a method for transferring points of interest
between images taken from different viewing directions according to the
teachings of the present invention. DESCRIPTION OF THE PREFERRED
EMBODIMENTS The present invention is a method for transferring points of
interest between images taken from different viewing directions, and
corresponding systems for implementing such a method. The principles and
operation of systems and methods according to the present invention may be
better understood with reference to the drawings and the accompanying
description. Referring now to the drawings, Figure 1 illustrates the
scenario in which the method of the present invention is typically used.
Specifically, Figure 1 illustrates a situation where a first imaging
sensor, designated "Sensor 1", acquires an image, designated "Image 1", of
a scene of interest, the image being acquired at a time T1 and along a
first viewing direction Di. An imaging sensor "Sensor 2", which may be
another sensor or may be a later (or earlier) use of the same physical
sensor as Sensor I 5 acquires an image, designated "Image 3", of an
overlapping scene at a time T and along a different viewing direction D .
The present invention is primarily applicable to situations inwhich viewing
directions D1 and D2 are significantly non-parallel, i.e., at least 20
degrees apart. Although not limited to such cases, the present invention is
of particular significance in situations where the viewing directions are
highly non-parallel, such as more than 60 degrees apart, and often as much
as 90 degrees apart or more. In such cases, and particularly when viewing
scenes with significant vertical topography such as buildings, simple image
correlation 



between Image 1 and Image 3 is typically not possible, or at least not
reliable. Furthermore, the present invention primarily addresses cases
where no full three-dimensional model of the scene is available, either
because insufficient data is available to construct a full model or simply
because no such model has been calculated. In general terms, the method of
the present invention includes obtaining a second image of the scene
("Image 2") which is taken along a viewing direction Di' displaced from,
but similar to, first viewing direction Di. For this purpose, "similar
viewing directions" are taken to be viewing directions sufficiently close
in angle that conventional image correlation can typically be performed
reliably by standard techniques, and in this context, typically refers to
directions differing by less than about 30 degrees. Preferably, the change
in viewing direction is kept much smaller than this, and the images are
sampled in quick succession (i.e., at times T and T1-I-AT) by the same
imaging sensor in order to maximize the similarity between the images and
make correlation of the images as reliable as possible. Optionally, more
than two images may be used, for example, a relatively short video
sequence. Even in such cases, theangular spacing of the furthest-spaced
Images used Is kept sufficiently small that reliable pixel-to-pixel
registration can be achieved over a majority of the overlapping region of
the images. Once acquired, Image 1 and Image 2 are coprocessed to derive
range information relating to a plurality of pixels in Image 1 thereby
defining a partial relative three-dimensional model of a portion of the
scene relative to the viewing directions. This partial relative
threedimensional model, or the corresponding depth data, is then used to
facilitate correlating Image 1 and Image 3, either directly or by
correlating each with a common reference image, so as to derive an
interrelation between Image 1 and Image 3. This interrelation is then
employed to derive a location within one of the images corresponding to a
point of interest designated within the other of the images. At this point,
it will already be clear that the method of the present invention is highly
advantageous, providing additional depth information for one of the viewing
directions to facilitate accurate and reliable correlation to images from
widely differing viewing angles, even when insufficient information or
resources are available for derivation of a full three-dimensional model.
Two practical implementations of how the additional information may be used
will be presented below with reference to Figures 2 and 3, respectively.
Before proceeding with the details of practical implementations of the
above principles, it will be helpful to define certain terminology as used
herein the description and claims. Firstly, Image 1 and Image 2 are
referred to herein as "designation images" while Image 3 is referred to as
a "working image".This terminology is used merely as a convenience, and is
chosen according to the most common usage of the system and method of the
present invention according to which a point of interest is designated in
one of Images 1 and 2, and needs to be identified in a later real-time
"working image" (Image 3). It will be appreciated however that, once a
transformation has been established between Image 1 and Image 3 points of
interest may readily be transferred in either direction. Thus, an
application where a point is designated in the "working image" and the
corresponding point is identified in the "designation image" also falls
within the scope of the present invention. The term "point of interest" is
used to refer to any location or region designated in one image which is to
be identified in another image. In many cases, the "point" will be
identified as a pixel, or small group of pixels, in the image in which it
is designated. In certain cases, the "point of interest" may be a larger
area determined by a boundary line, in which case each point used to
specify the boundary may be regarded as a "point of interest" in its own
right. Furthermore, in certain cases, the point of interest may be
specified with subpixel accuracy relative to the designation images
themselves, for example, if a plurality of designation images are used to
derive a higher resolution (or "super-resolution") image. The resolution
with which the point of interest is specified may differ between the
working image and the designation image. The term "correlating" is used
herein in the description and claims to refer to any processing of two or
more images which results in determining an interrelation between the
images. The term "interrelation" is used herein torefer to a mapping,
transformation or other relation which defines correspondence of at least a
subset of pixels between the images in question. The term "warping" is used
herein to refer to any image processing technique which renders an image
sampled along a first viewing direction so as to approximate how the image
would appear if viewed along a second viewing direction. Although the term
"warping" thus defined would include affme transformations and other planar
transformations, the "warping" referred to in the present invention
typically employs depth information associated with the image, as will be
detailed below. As a result, in certain cases, the resulting warped image
may be only a partial image, with certain image data from the starting
image discarded due to being obscured in the warped view, and other data
expected to be visible from the new viewing direction unavailable in the
starting image. The phrase "viewing direction" is used herein to refer to a
direction corresponding to the optical axis of an image sensor at the time
an image is sampled. The angle between two viewing directions is defined
intuitively, and may be defined algebraically as the arccosine of the
scalar product of unit vectors along the two viewing directions. A third
viewing direction is considered to be "intermediate" to two other viewing
directions if the angle formed between the third viewing direction and each
of the other viewing directions is less than the angle measured directly
between the other two viewing directions.Reference is made to range
information generating a "partial relative three-dimensional model of a
portion of the scene." It should be noted that the partial model of the
present invention is effectively a three-dimensional impression of the
scene taken from a single viewing direction, in clear contrast to the
panoramic models required by the aforementioned SFM techniques.
Specifically, according to the conventional SFM approach, a partial
threedimensional model constructed based on views taken only from the east
side of 



a group of buildings (and hence lacking all information regarding the
westward facing surfaces of the buildings) would be assumed to be useless
for correlation with another view taken from the west side of the
buildings. The techniques of the present invention address this problem of
incomplete information, or insufficient resources to assemble the
information, as detailed further below. The phrase "local relative depth
map" is used to refer to a collection of relative depth data associated
with locations within a two dimensional image. As will become clear from
the description below, the depth map in question need not correspond to
range data from any particular image sensor. "Depth" in this context refers
to distance in a direction generally parallel with the effective viewing
direction for the image in question. In the case of a high-altitude aerial
photo, satellite photo or an "orthophoto" (a processed image with an
effectively vertical viewing direction at all points), this becomes a
"local relative digital elevation map." The depth map is described as
"local" in the sense that it may cover a limited subregion or "locale" of a
much more extensive image, for example, from a geographical image database.
The depth map is described as"relative" in the sense that it is internally
consistent, but need not be determined in absolute position. The density of
the depth map may be the same as, lesser than, or greater than, the pixel
density of the corresponding image. Referring now again to Figure 1, it is
generally assumed as a starting point for the present invention that
approximate data is available for the positions and viewing directions of
the Image Sensors. Such information may be derived from any one, or
combination, of a wide range of sensor systems commonly in use, including
but not limited to: GPS; inertial sensor systems; optical tracking; and
image correlation to geographic reference databases. The tracking
technologies need not be the same for both image sensors. The image sensor
used for deriving the designation images may be distinct from the image
sensor for deriving the working image, and may employ different imaging
technology and/or be sensitive to different wavelengths of visible or
invisible light. Thus, for example, the designation images may be color
images while the working image is a gray image, or vice versa, or one or
both of the image sensors may operate in one or more infrared wavelength
band. Despite all of the above options, an implementation wherein the same
image sensor is used at different times to sense the designation images and
the working image also falls within the scope of the present invention. The
present invention is applicable to any situation where a scene is viewed by
imaging sensors from significantly non-parallel viewing directions,
independent of the platform supporting the imaging sensors. In certain
cases,one or more of the sensors may be mounted on a land-based platform,
for example, a fixed vantage point or a vehicle located with a suitable
range of view. More typically, the invention is applied to images retrieved
from sensors mounted on flying or otherwise airborne platforms. Examples of
platforms include, but are not limited to: manned aircraft; unmanned aerial
vehicles ("UAVs") of all types and sizes, lighter-than-air floating
platforms, ballistic projectiles and guided weapons. Turning now to Figure
2, there is illustrated a first embodiment of a method according to the
teachings of the present invention for identifying within a working image
of a scene a point of interest designated within a designation image of a
scene. In this embodiment, correlation is performed directly between the
designation images and the working image, assisted by the aforementioned
range information. Specifically, steps 100 and 102 correspond to sampling
of designation images, Image 1 and Image 2, at times Tl and (T1+DT),
respectively. As stated before, the two images are preferably acquired by
the same imaging sensor with differing but similar viewing directions, and
preferably in quick succession, i.e., with a small DT, in order to ensure
similar lighting conditions and minimize the effect of any moving objects.
In a typical case, the images may be sampled from a moving UAV at times
separated by less than a second. Then, at step 104, the two designation
images, together with the corresponding sensor data, i.e., image sensor
position and viewing direction at the time of sampling the image, are
co-processed by image registrationtechniques to derive range information
relating to at least a subset of the pixels in Image 1. (Parenthetically,
it will be noted that Image 1 and Image 2 are interchangeable for this
purpose, such that the later sampled image may be considered Image 1 and DT
may be defined as negative.) The result is referred to as a "dense range
map" to the extent that it preferably provides range data at locations in
the image sufficiently densely packed to form a reliable indication of
major surfaces of buildings within the field of view of the designation
images. In most preferred cases, the range data is derived with a spacing
in the same order of magnitude as the pixel resolution of the image, and in
one particularly preferred implementation, for each pixel of Image 1.
Independent of the above process, Image Sensor 2 samples Image 3 at some
time T2 (step 106), and corresponding position and viewing direction data
are determined. The task to be performed by the system and method of the
present invention is to allow identification of corresponding points of
interest between Image 1 and Image 3. To this end, according to this
embodiment of the present invention, step 108 employs the range information
from step 104 and the sensor data from step 106 to generate a simulated
image generated by warping designation image, Image 1, to approximate a
view taken along the viewing direction of Image 3. Then, at step 110, this
simulated image is correlated Image 3. The parameters of this correlation
combined with the parameters of the warping together define an
interrelation (a global transformation or a set of pixel-to-pixel
correspondences) between Image 1 and Image 3. This interrelation then
allowsidentification in either image of a point of interest designated in
the other image. Turning now to Figure 3, there is shown an alternative
embodiment of the method of the present invention. This embodiment is
generally similar to the embodiment of Figure 2, but employs a reference
image taken along a reference viewing direction. Thus, as before,
designation images, Image 1 and Image 2, are sampled 



at times Tl and (Tl+DT), corresponding to steps 200 and 202 respectively.
At step 204, the two designation images, together with the accompanying
data (to be described more fully below), are co-processed by image
registration techniques to derive a dense range map relating to at least a
subset of the pixels in Image 1. At least one of the designation images is
registered with the reference image (obtained at 205) to generate a
transformation TRl (step 206) which interrelates Image 1 with the reference
image, and the transformation together with the dense range map are used at
step 208 to derive a local relative depth map for at least a subregion of
the reference image. Most preferably, registration step 206 and a parallel
process 206' for Image 2 are performed prior to the co-processing of step
204 and the additional data made available through derivation of the
transformations TRl and TR2 are used to further refine the accuracy of the
co-processing. Additionally, or alternatively, the local relative depth map
derived by casting the partial relative threedimensional model of the scene
along the reference viewing direction is used to enhance or render more
robust the correlation of Image 1 with the referenceimage. It will be noted
thai transformation TRl, which again may be a global transformation or a
pixel-by-pixel mapping, already provides sufficient information to map
points of interest in both directions between Image 1 and the reference
image, as indicated by step 210. At step 212, Image Sensor 2 samples Image
3 at some time T2, and corresponding position and viewing direction data
are determined. The image and sensor data are then used, together with the
local relative depth map, to correlate Image 3 to the reference image to
generate transformation TR3 (step 214). The availability of the local
relative depth map again renders this correlation more reliable and precise
than would otherwise be possible. Transformation TR3 then allows mapping of
points of interest in both directions between Image 3 and the reference
image, as indicated by step 216. Steps 210 and 216, taken together, thus
provide for transfer of points of interest between Image 1 and Image 3.
While the above described method may be applied with substantially any
reference image and reference viewing direction, it is clearly advantageous
to choose a reference viewing direction which is intermediate to the first
and second viewing directions, thereby rendering the angular discrepancy
between images to be correlated. For this reason, in a wide range of
applications, a reference image with a near-vertical viewing direction is
advantageous as an intermediate angle reference image for correlating
between images taken from opposing directions of a region of
interest.Clearly, a likely choice for a source of reference images is a
database of geographically anchored reference images. The present invention
may be employed in a case where no digital terrain map (DTM) is available,
or may employ a DTM where available in deriving the registration of the
designation image(s) to the reference image. Even in the latter case,
however, it should be noted that the local relative depth map derived from
the designation images need not be registered with the DTM. Since the local
relative depth map typically has a much higher resolution than a wide-area
DTM, and is up-to-date as of the time of sampling of Images 1 and 2, it
provides an important tool for achieving more reliable and precise
registration between Image 3 and the reference image. According to another
optional feature of this embodiment, as mentioned in the background section
above, the primary choice of features common to widely spaced viewing
directions in a dense urban landscape are typically associated with roofs
of buildings. Accordingly, in certain implementations, it may be
advantageous to apply a filter or mask based on the local relative depth
map to selectively give increased weight during the registration process to
pixels of the reference image identified as corresponding to rooftops or
other elevated features.It will be appreciated that the above descriptions
are intended only to serve as examples, and that many other embodiments are
possible within the scope of the present invention as defined in the
appended claims.WHAT IS CLAIMED IS: 1. A method for identifying within a
working image of a scene a point of interest designated within a
designation image of a scene, the designation image being taken along a
first viewing direction and the working image being taken along a second
viewing direction, the second viewing direction being significantly
non-parallel to the first viewing direction, the method comprising the
steps of: (a) obtaining a designation image of the scene; (b) obtaining a
working image of the scene; (c) correlating said designation image and said
working image with each other, directly or by correlating each of said
designation image and said working image with a common reference image, so
as to derive an interrelation between said designation image and said
working image; and (d) employing said interrelation between said
designation image and said working image to derive a location within said
working image of a point of interest designated within said designation
image, characterized in that the method further comprises: (e) obtaining a
secondary designation image taken along a viewing direction displaced from,
but similar to, the first viewing direction; and(f) co-processing said
designation image and said secondary designation image to derive range
information relating to a plurality of pixels in said designation image,
thereby defining a partial relative three-dimensional model of a portion of
the scene relative to the viewing direction of said designation image,
wherein said partial relative three-dimensional model is used in said step
of correlating. 2. The method of claim 1 wherein said step of correlating
includes employing said range information to generate a simulated image
generated by warping said designation image to approximate a view taken
along said second viewing direction and correlating said working image with
said simulated 



image. 3. The method of claim 1, wherein said step of correlating includes
correlating each of said designation image and said working image with a
reference image taken along a reference viewing direction, and wherein said
partial relative three-dimensional model is used to derive a local relative
depth map for at least a subregion of said reference image. 4. The method
of claim 3, wherein said reference viewing direction is intermediate to
said first and second viewing directions.5. The method of claim 3, wherein
said reference image is a geographically anchored reference image, and
wherein said local relative depth map is a local relative digital elevation
map for at least a subregion of said geographically anchored reference
image. 6. The method of claim 1 wherein said designation image and said
working image are derived from different imaging sensors. 7. A method for
identifying within a working image of a scene a point of interest
designated within a designation image of a scene, the designation image
being taken along a first viewing direction and the working image being
taken along a second viewing direction, the second viewing direction being
significantly non-parallel to the first viewing direction, the method
comprising the steps of: (a) obtaining a designation image of the scene
taken along the first viewing direction; (b) obtaining a secondary
designation image taken along a viewing direction displaced from, but
similar to, the first viewing direction; (c) co-processing said designation
image and said secondary designation image to derive range information
relating to a plurality of pixels in said designation image, thereby
defining apartial relative three-dimensional model of a portion of the
scene relative to the viewing direction of said designation image; (d)
obtaining a working image of the scene taken along the second viewing
direction; (e) employing said range information to generate a simulated
image generated by warping said designation image to approximate a view
taken along said second viewing direction; (f) correlating said working
image with said simulated image so as to derive an interrelation between
said designation image and said working image; and (g) employing said
interrelation between said designation image and said working image to
derive a location within said working image of a point of interest
designated within said designation image. 8. A method for identifying
within a working image of a scene a point of interest designated within a
designation image of a scene, the designation image being taken along a
first viewing direction and the working image being taken along a second
viewing direction, the second viewing direction being significantly
non-parallel to the first viewing direction, the method comprising the
steps of: (a) obtaining a designation image of the scene taken along the
first viewing direction;(b) obtaining a secondary designation image taken
along a viewing direction displaced from, but similar to, the first viewing
direction; (c) co-processing said designation image and said secondary
designation image to derive range information relating to a plurality of
pixels in said designation image; (d) correlating said designation image
with a reference image taken along a reference viewing direction so as to
derive an interrelation between said designation image and said reference
image, said range information being used to derive a local relative depth
map for at least a subregion of said reference image; (e) correlating said
working image with said reference image so as to derive an interrelation
between said reference image and said working image, said correlating being
performed using said local relative depth map; and (f) employing said
interrelations between said designation image and said reference image and
between said working image and said reference image to derive a location
within said working image of a point of interest designated within said
designation image. 9. The method of claim 8, wherein said reference viewing
direction mediate to said first and second viewing directions.10. The
method of claim 8, wherein said reference image is a geographically
anchored reference image, and wherein said local relative depth map is a
local relative digital elevation map for at least a subregion of said
geographically anchored reference image. 


