
PIPERIDINE DERIVATIVES USEFUL AS OREXIN RECEPTOR
ANTAGONISTS This invention relates to imidazo[l,2-
a]pyridin-2-ylmethyl substituted piperidine
derivatives and their use as pharmaceuticals. Many
medically significant biological processes are
mediated by proteins participating in signal
transduction pathways that involve G-proteins and/or
second messengers. Polypeptides and polynucleotides
encoding the human 7-transmembrane G-protein coupled
neuropeptide receptor, orexin-1 (HFGAN72), have been
identified and are disclosed in EP875565, EP875566 and
WO 96/34877. Polypeptides and polynucleotides encoding
a second human orexin receptor, orexin-2 (HFGANP),
have been identified and are disclosed in EP893498.
Polypeptides and polynucleotides encoding polypeptides
which are ligands for the orexin-1 receptor, e.g.
orexin-A (Lig72A) are disclosed in EP849361. The
orexin ligand and receptor system has been well
characterised since its discovery (see for example
Sakurai, T. et al (1998) Cell, 92 pp 573 to 585; Smart
et al (1999) British Journal of Pharmacology 128 pp 1
to 3; Willie et al (2001) Ann. Rev. Neurosciences 24
pp 429 to 458; Sakurai (2007) Nature Reviews
Neuroscience 8 pp 171 to 181; Ohno and Sakurai (2008)
Front. Neuroendocrine logy 29 pp 70 to 87). From these
studies it has become clear that orexins and orexin
receptors play a number of important physiological
roles in mammals and open up the possibility of the
development of new therapeutic treatments for a
variety of diseases and disorders as described
hereinbelow. Experiments have shown that central
administration of the ligand orexin-A stimulated food
intake in freely-feeding rats during a 4 hour time
period. This increase was approximately four-fold over
control rats receiving vehicle. These data suggest
that orexin- A may be an endogenous regulator of
appetite (Sakurai, T. et al (1998) Cell, 92 pp 573 to
585; Peyron et al (1998) J . Neurosciences 18 pp 9996
to 10015; Willie et al (2001) Ann. Rev. Neurosciences
24 pp 429 to 458). Therefore, antagonists of the
orexin-A receptor(s) may be useful in the treatment of
obesity and diabetes. In support of this it has been
shown that orexin receptor antagonist SB334867
potently reduced hedonic eating in rats (White et al
(2005) Peptides 26 pp 223 1 to 2238) and also
attenuated high-fat pellet selfadministration in rats
(Nair et al (2008) British Journal of Pharmacology,
published online 28 January 2008). The search for new
therapies to treat obesity and other eating disorders
is an important challenge. According to WHO
definitions a mean of 35% of subjects in 39 studies
were overweight and a further 22% clinically obese in
westernised societies. It has been estimated that 5.7%
of all healthcare costs in the USA are a consequence
of obesity. About 85% of Type 2 diabetics are obese.
Diet and exercise are of value in all diabetics. The
incidence of diagnosed diabetes in westernised
countries is typically 5% and there are estimated to
be an equal number undiagnosed. The incidence of both
diseases is rising, demonstrating the inadequacy of
current treatments which may be either ineffective or
have toxicity risks including cardiovascular effects.
Treatment of diabetes with sulfonylureas or insulin
can cause hypoglycaemia, whilst metformin causes GI
side-effects. No drug treatment for Type 2 diabetes
has been shown to reduce the long-term complications
of thedisease. Insulin sensitisers will be useful for
many diabetics, however they do not have an
anti-obesity effect. As well as having a role in food
intake, the orexin system is also involved in sleep
and wakefulness. Rat sleep/EEG studies have shown that
central administration of orexin- A, an agonist of the
orexin receptors, causes a dose-related increase in
arousal, largely at the expense of a reduction in
paradoxical sleep and slow wave sleep 2, when
administered at the onset of the normal sleep period
(Hagan et al (1999) Proc.Natl.Acad.Sci. 96 pp 1091 1
to 10916). The role of the orexin system in sleep and
wakefulness is now well established (Sakurai (2007)
Nature Reviews Neuroscience 8 pp 171 to 181; Ohno and
Sakurai (2008) Front. Neuroendocrinology 29 pp 70 to
87; Chemelli et al (1999) Cell 98 pp 437 to 45 1; Lee
et al (2005) J . Neuroscience 25 pp 6716 to 6720;
Piper et al (2000) European J Neuroscience 12 pp
726-730 and Smart and Jerman (2002) Pharmacology and
Therapeutics 94 pp 51 to 61). Antagonists of the
orexin receptors may therefore be useful in the
treatment of sleep disorders including insomnia.
Studies with orexin receptor antagonists, for example
SB334867, in rats (see for example Smith et al (2003)
Neuroscience Letters 341 pp 256 to 258) and more
recently dogs and humans (Brisbare-Roch et al (2007)
Nature Medicine 13(2) pp 150 to 155) further support
this. In addition, recent studies have suggested a
role for orexin antagonists in the treatment of
motivational disorders, such as disorders related to
reward seeking behaviours for example drug addiction
and substance abuse (Borgland et al (2006) Neuron
49(4) pp 589-601; Boutrel et al (2005)
Proc.Natl.Acad.Sci. 102(52) pp 19168 to 19173; Harris
et al (2005) Nature 437 pp 556 to 559). International
Patent Applications WO99/09024, WO99/58533, WO00/47577
and WO00/47580 disclose phenyl urea derivatives and
WO00/47576 discloses quinolinyl cinnamide derivatives
as orexin receptor antagonists. WO05/1 18548 discloses
substituted 1,2,3,4-tetrahydroisoquinoline derivatives
as orexin antagonists. WO01/96302, WO02/44172,
WO02/89800, WO03/002559, WO03/002561, WO03/032991,
WO03/037847, WO03/041711 and WO08/03 8251 all disclose
cyclic amine derivatives. WO03/002561 discloses
N-aroyl cyclic amine derivatives as orexin
antagonists. Compounds disclosed in WO03/002561
include piperidine derivatives substituted at the 2-
position with bicyclic heteroarylmethyl groups. We
have now found that some piperidine derivatives
substituted at the 2- position with an imidazo[l,2-
a]pyridin-2-ylmethyl group have beneficial properties
including, for example, increased oral bioavailability
and significantly increased solubility in
physiologically relevant media compared to the prior
art compounds. Such properties make these imidazo[l
,2-a]pyridin-2-ylmethyl substituted piperidine
derivatives very attractive as potential
pharmaceutical agents which may be useful in the
prevention or treatment of obesity, including obesity
observed in Type 2 (noninsulin- dependent) diabetes
patients, sleep disorders, anxiety, depression,
schizophrenia, drug dependency or compulsive
behaviour. Additionally these compounds may be useful
in the treatment of stroke, particularly ischemic or
haemorrhagic stroke, and/or blocking the emetic
response, i.e. useful in the treatment of nausea and
vomiting. Accordingly the present invention provides a
compound of formula (I)where Ar is selected from the
group consisting of formulae: where R1 is (C1 4)alkyl,
halo, halo(C 1 4)alkyl, (C1 4)alkoxy, halo(C 1
4)alkoxy, (C1 4)alkyl-O-( C1 4)alkyl, CN, NR5R6
wherein R5 is H or (C^alkyl and R6 is H or (C^alkyl;
R2 is (C1 4)alkyl, (C1 4)alkenyl, HO(C 1 4)alkyl,
halo, halo(C 1 4)alkyl, (C1 4)alkoxy, ImIo(C1
4)alkoxy, (C1 4)alkyl-O-(C 1 4)alkyl, CN, NR7R8
wherein R7 is H or (Ci 4)-alkyl and R8 is H or
(Ci_4)-alkyl; R3 is (Ci_4)alkyl, halo,
halo(Ci_4)alkyl, (Ci_4)alkoxy, halo(Ci_4)alkoxy,
(Ci_4)alkyl-O-( C1 4)alkyl, CN, NR9R10 wherein R9 is H
or (Ci 4)-alkyl and R10 is H or (C^-alkyl; R4 is
(Ci_4)alkyl, halo, halo(Ci_4)alkyl, (Ci_4)alkoxy,
halo(Ci_4)alkoxy, (Ci_4)alkyl-O-( C1 4)alkyl, CN,
NR11R12 wherein R11 is H or (Ci 4)-alkyl and R12 is H
or (C^-alkyl; n is 0 or 1; p is Oor l ; q is 0 or 1; r
is 0 or 1; or a pharmaceutically acceptable salt
thereof. In one embodiment R1 is (Ci_4)alkyl, halo,
halo(Ci_4)alkyl, (Ci_4)alkoxy, ImIo(C1 4)alkoxy, (Ci
4)alkyl-O-( Ci 4)alkyl, CN, NR5R6 wherein R5 is H or
(Ci 4)alkyl and R6 is H or (Ci_4)alkyl; R2 is
(Ci_4)alkyl, halo, halo(Ci_4)alkyl, (Ci_4)alkoxy,
halo(Ci_4)alkoxy, (Ci_4)alkyl-O-( C1 4)alkyl, CN,
NR7R8 wherein R7 is H or (C^-alkyl and R8 is H or
(C^-alkyl; R3 is (Ci_4)alkyl, halo, halo(Ci_4)alkyl,
(Ci_4)alkoxy, halo(Ci_4)alkoxy, (Ci_4)alkyl-O-( C1
4)alkyl, CN, NR9R10 wherein R9 is H or (Ci 4)-alkyl
and R10 is H or (C^-alkyl; R4 is (Ci_4)alkyl, halo,
halo(Ci_4)alkyl, (Ci_4)alkoxy, halo(Ci_4)alkoxy,
(Ci_4)alkyl-O-( C1 4)alkyl, CN, NR11R12 wherein R11 is
H or (Ci 4)-alkyl and R12 is H or (C^-alkyl; n is 0 or
1;p is 0 or 1; q is Oor 1; r is 0 or 1; or a
pharmaceutically acceptable salt thereof. In one
embodiment R1 is (Ci_4)alkyl, halo, halo(Ci_4)alkyl or
CN; R2 is (C1 4)alkyl, (C1 4)alkenyl, HO(C 1 4)alkyl,
halo, halo(C 1 4)alkyl, (C1 4)alkoxy, ImIo(C1
4)alkoxy, (C1_4)alkyl-O-(C 1_4)alkyl or CN; R3 is (C1
4)alkyl, halo, halo(C 1 4)alkyl, (C1 4)alkoxy, halo(C
1 4)alkoxy, (C1 4)alkyl-O-( C1 4)alkyl or CN; R4 is
(C1 4)alkyl, halo, halo(C 1 4)alkyl, (C1 4)alkoxy,
halo(C 1 4)alkoxy, (C1 4)alkyl-O-( C1 4)alkyl or CN; 



n is Oor 1; p is 0 or 1; q is Oor 1; r is Oor l ; or a
pharmaceutically acceptable salt thereof. In one
embodiment Ar is a group of formula (II). In another
embodiment Ar is a group of formula (III). In one
embodiment n is 1 and R1 is (C1_4)alkyl or halo. In
another embodiment n is 1, R1 is (Ci_4)alkyl or halo
and Ar is a group of formula (II). In a further
embodiment n is 1, R1 is methyl and Ar is a group of
formula (II). In a still further embodiment n is 1, R1
is a halogen selected from fluoro, chloro or iodo and
Ar is a group of formula (II). In one embodiment n is
1, R1 is methyl or a halogen selected from fluoro,
chloro or iodo, Ar is a group of formula (II) and p, q
and r are all 0. In another embodiment n is 1, R1 is
methyl or a halogen selected from fluoro, chloro or
iodo, Ar is a group of formula (II), p is 1 and q and
r are both 0. In a further embodiment n is 1, R1 is
methyl or a halogen selected from fluoro, chloro or
iodo, Ar is a group of formula (II), p is 1, q and r
are both 0 and R2 is methyl, trifluoromethyl, fluoro
or methyloxy. In a still further embodiment n is 1, R1
is chloro, Ar is a group of formula (II), p is 1, q
and r are both 0 and R2 is methyl or trifluoromethyl.
In one embodiment n is 0. In another embodiment n is 0
and Ar is a group of formula (II). In a further
embodiment n is 0 and Ar is a group of formula (III).
In a still further embodiment n is 0, Ar is a group of
formula (II) and r is 0. In a yet still further
embodiment n is 0, Ar is a group of formula (III) and
r is 0. In one embodiment n is 0, Ar is a group of
formula (II), p and q are both 1 and r is 0. In
another embodiment n is 0, Ar is a group of formula
(III), p and q are both 1 and r is O. In a further
embodiment n is 0, Ar is a group of formula (II), p
and q are both 1, r is 0 and R2 and R are both halo.In
a still further embodiment n is O, Ar is a group of
formula (III), p and q are both 1, r is 0 and R and R3
are both halo. In a yet still further embodiment n is
0, Ar is a group of formula (II), p and q are both 1,
r is 0 and R2 and R3 are both chloro. In another
embodiment n is 0, Ar is a group of formula (III), p
and q are both 1, r is 0 and R2 and R3 are both
chloro. In a further embodiment n is 0, Ar is a group
of formula (II), p and q are both 1, r is 0 and R2 and
R3 are both fluoro. In a still further embodiment n is
0, Ar is a group of formula (III), p and q are both 1,
r is 0 and R2 and R3 are both fluoro. In one
embodiment n is 0, Ar is a group of formula (II), p
and q are both 1, r is 0, R2 is alkyl and R3 is halo.
In another embodiment n is 0, Ar is a group of formula
(II), p and q are both 1, r is 0, R2 is alkyl in the 8
position on the imidazopyridine ring and R3 is halo in
the 6 position on the imidazopyridine ring. In one
embodiment n is 0, Ar is a group of formula (II), p
and q are both 1, r is 0, R2 is methyl and R3is
fluoro. In another embodiment n is 0, Ar is a group of
formula (II), p and q are both 1, r is 0, R2 is methyl
in the 8 position on the imidazopyridine ring and R3is
fluoro in the 6 position on the imidazopyridine ring.
In one embodiment n is 0, Ar is a group of formula
(III), p and q are both 1, r is 0, R2 is alkyl and R3
is halo. In another embodiment n is 0, Ar is a group
of formula (III), p and q are both 1, r is 0, R2 is
alkyl in the 8 position on the imidazopyridine ring
and R3 is halo in the 6 position on the
imidazopyridine ring. In one embodiment n is 0, Ar is
a group of formula (III), p and q are both 1, r is 0,
R2 is methyl and R3is fluoro. In another embodiment n
is 0, Ar is a group of formula (III), p and q are both
1, r is 0, R2 is methyl in the 8 position on the
imidazopyridine ring and R3is fluoro in the 6 position
on the imidazopyridine ring. In one embodiment n is 0,
Ar is a group of formula (II), p is 1, q and r are
both 0 and R2 is (Ci_4)alkyl, halo, halo(Ci_4)alkyl,
(Ci_4)alkoxy or CN. In another embodiment n is 0, Ar
is a group of formula (III), p is 1, q and r are both
0 and R2 is (Ci_4)alkyl, halo, halo(Ci_4)alkyl,
(Ci_4)alkoxy or CN. In a further embodiment n is 0, Ar
is a group of formula (II), p is 1, q and r are both 0
and R2 is methyl, fluoro, trifluoromethyl, methyloxy
or CN. In a still further embodiment n is 0, Ar is a
group of formula (III), p is 1, q and r are both 0 and
R2 is methyl, fluoro, trifluoromethyl, methyloxy or
CN. When the compound contains a (Ci_4)alkyl group,
whether alone or forming part of a larger group, e.g.
(Ci_4)alkoxy, the alkyl group may be straight chain,
branched or cyclic, or combinations thereof. Examples
of (Ci_4)alkyl are methyl or ethyl. An example Of(C 1
4)alkoxy is methyloxy.Examples of halo(Ci_4)alkyl
include trifluoromethyl (i.e. -CF3) . Examples of
(C^alkoxy include methyloxy and ethyloxy. Examples of
halo(Ci_4)alkoxy include trifluoromethyloxy (i.e. -
OCF3). Examples of (C2_4)alkenyl include ethenyl.
Examples of HO(Ci_4)alkyl include hydroxymethyl.
Halogen or "halo" (when used, for example, in
halo(Ci_4)alkyl) means fluoro, chloro, bromo or iodo.
It is to be understood that the present invention
covers all combinations of particularised groups and
substituents described herein above. In one embodiment
the invention provides the compound of formula (I)
selected from the group consisting of: 2-[((2S)-
1-{[5-(4-fiuorophenyl)-2-methyl- 1,3-thiazol-4-yl]
carbonyl} -2- piperidinyl)methyl]
-7-(trifluoromethyl)imidazo [1,2-a]pyridine; 2-({(2S)-
1-[(2-methyl-5 -phenyl- 1,3-thiazol-4-yl)carbonyl] -2-
piperidinyl}methyl)-7-(trifluoromethyl)imidazo[l,2-
a]pyridine; 2-({(2S)- 1-[(2-methyl-5 -phenyl-
1,3-thiazol-4-yl)carbonyl] -2-
piperidinyl}methyl)-6-(trifluoromethyl)imidazo[l,2-
a]pyridine;
2-({(25)-l-[(2-methyl-5-phenyl-l,3-thiazol-4-yl)carbon
yl]-2-
piperidinyl}methyl)-8-(trifluoromethyl)imidazo[l,2-
a]pyridine; 6,8-dichloro-2-( {(25)-
1-[(2-methyl-5-phenyl- 1,3-thiazol-4-yl)carbonyl]-2-
piperidinyl}methyl)imidazo[l,2- a]pyridine;
8-methyl-2-({(2S)-l-[(2-methyl-5-phenyl-l,3-thiazol-4-
yl)carbonyl]-2- piperidinyl}methyl)imidazo[l,2-
a]pyridine;
6,8-difiuoro-2-({(25)-l-[(2-methyl-5-phenyl-l,3-thiazo
l-4-yl)carbonyl]-2- piperidinyl}methyl)imidazo[l,2-
a]pyridine;
6-fluoro-2-({(25)-l-[(2-methyl-5-phenyl-l,3-thiazol-4-
yl)carbonyl]-2- piperidinyl}methyl)imidazo[l,2-
a]pyridine; 2-({(2S)- 1-[(2-methyl-5-phenyl-
1,3-thiazol-4-yl)carbonyl]-2-
piperidinyl}methyl)imidazo[l,2-
a]pyridine-7-carbonitrile; 6-bromo-7,8-dimethyl-2-(
{(2S)- 1-[(2-methyl-5-phenyl- 1,3-thiazol-4-
yl)carbonyl]-2-piperidinyl}methyl)imidazo[
1,2-a]pyridine; 2-({(2S)- 1-[(2-methyl-5-phenyl-
1,3-thiazol-4-yl)carbonyl]-2-
piperidinyl}methyl)-5-(trifluoromethyl)imidazo[l,2-
a]pyridine;
6-bromo-5-methyl-2-({(25)-l-[(2-methyl-5-phenyl-l,3-th
iazol-4- yl)carbonyl]-2-piperidinyl}methyl)imidazo[
1,2-a]pyridine;
8-fiuoro-2-({(25)-l-[(2-methyl-5-phenyl-l,3-thiazol-4-
yl)carbonyl]-2- piperidinyl}methyl)imidazo[l,2-
a]pyridine; 2-[((2S)- 1-{[5-(4-fiuorophenyl)-2-methyl-
1,3-thiazol-4-yl]carbonyl} -2- piperidinyl)methyl]
-8-methylimidazo [1,2-a]pyridine; 2-[((2S)-
1-{[5-(4-fiuorophenyl)-2-methyl-
1,3-thiazol-4-yl]carbonyl} -2- piperidinyl)methyl]
-8-(trifluoromethyl)imidazo [1,2-a]pyridine;
6,8-difluoro-2-[((25)-l-{[5-(4-fiuorophenyl)-2-methyl-
l,3-thiazol-4-
yl]carbonyl}-2-piperidinyl)methyl]imidazo[l,2-
a]pyridine;
6,8-dichloro-2-[((25)-l-{[5-(4-fluorophenyl)-2-methyl-
l,3-thiazol-4-
yl]carbonyl}-2-piperidinyl)methyl]imidazo[l,2-
a]pyridine; 6-fluoro-2-[((25)-
1-{[5-(4-fluorophenyl)-2-methyl-1,3-thiazol-4-
yl]carbonyl}-2-piperidinyl)methyl]imidazo[l,2-
a]pyridine ; 2-[((2S)-
1-{[5-(4-fluorophenyl)-2-methyl-
1,3-thiazol-4-yl]carbonyl} -2- 



piperidinyl)methyl]imidazo[l,2-
a]pyridine-7-carbonitrile; 2-[((2S)-
1-{[5-(4-fluorophenyl)-2-methyl-
1,3-thiazol-4-yl]carbonyl} -2-
piperidinyl)methyl]-7-(methyloxy)imidazo[
1,2-a]pyridine; 2-[((2S)-
1-{[5-(4-fluorophenyl)-2-methyl-
1,3-thiazol-4-yl]carbonyl} -2-
piperidinyl)methyl]imidazo[l,2-
a]pyridine-8-carbonitrile;
5-fluoro-2-({(25)-l-[(2-methyl-5-phenyl-l,3-thiazol-4-
yl)carbonyl]-2- piperidinyl}methyl)imidazo[l,2-
a]pyridine;
3-methyl-2-({(25)-l-[(2-methyl-5-phenyl-l,3-thiazol-4-
yl)carbonyl]-2- piperidinyl}methyl)imidazo[l,2-
a]pyridine;
3-iodo-2-({(25)-l-[(2-methyl-5-phenyl-l,3-thiazol-4-yl
)carbonyl]-2- piperidinyl}methyl)imidazo[l,2-
a]pyridine;
3-chloro-2-({(25)-l-[(2-methyl-5-phenyl-l,3-thiazol-4-
yl)carbonyl]-2- piperidinyl}methyl)imidazo[l,2-
a]pyridine;
3-chloro-2-({(25)-l-[(2-methyl-5-phenyl-l,3-thiazol-4-
yl)carbonyl]-2-
piperidinyl}methyl)-7-(trifluoromethyl)imidazo[l,2-
a]pyridine; 3-fluoro-8-methyl-2-( {(2S)-
1-[(2-methyl-5-phenyl- 1,3-thiazol-4-
yl)carbonyl]-2-piperidinyl}methyl)imidazo[
1,2-a]pyridine;
3-chloro-6-fluoro-2-({(25)-l-[(2-methyl-5-phenyl-l,3-t
hiazol-4-yl)carbonyl]- 2-piperidinyl}methyl)imidazo[
1,2-a]pyridine;
8-(methyloxy)-2-({(25)-l-[(2-methyl-5-phenyl-l,3-thiaz
ol-4-yl)carbonyl]-2- piperidinyl}methyl)imidazo[l,2-
a]pyridine;
3-chloro-7-(methyloxy)-2-({(25)-l-[(2-methyl-5-phenyl-
l,3-thiazol-4-
yl)carbonyl]-2-piperidinyl}methyl)imidazo[
1,2-a]pyridine; 6-fluoro-8-methyl-2-( {(2S)-
1-[(2-methyl-5-phenyl- 1,3-thiazol-4-
yl)carbonyl]-2-piperidinyl}methyl)imidazo[
1,2-a]pyridine; 8-ethenyl-6-fluoro-2-( {(2S)-
1-[(2-methyl-5-phenyl- 1,3-thiazol-4-
yl)carbonyl]-2-piperidinyl}methyl)imidazo[
1,2-a]pyridine;
8-ethyl-6-fluoro-2-({(25)-l-[(2-methyl-5-phenyl-l,3-th
iazol-4-yl)carbonyl]- 2-piperidinyl}methyl)imidazo[
1,2-a]pyridine; 6-fluoro-8-(methyloxy)-2-( {(2S)-
1-[(2-methyl-5-phenyl- 1,3-thiazol-4-
yl)carbonyl]-2-piperidinyl}methyl)imidazo[
1,2-a]pyridine; [6-fluoro-2-( {(2S)-
1-[(2-methyl-5-phenyl- 1,3-thiazol-4-yl)carbonyl]-2-
piperidinyl}methyl)imidazo[l,2-
a]pyridin-8-yl]methanol;
6-fluoro-8-[(methyloxy)methyl]-2-({(25)-l-[(2-methyl-5
-phenyl-l,3-thiazol-
4-yl)carbonyl]-2-piperidinyl}methyl)imidazo[l,2-
a]pyridine;
8-chloro-2-({(25)-l-[(2-methyl-5-phenyl-l,3-thiazol-4-
yl)carbonyl]-2- piperidinyl}methyl)imidazo[l,2-
a]pyridine;2-( [(2S)- 1-[(2-methyl-5-phenyl-
1,3-thiazol-4-yl)carbonyl]-2-
piperidinyl}methyl)-8-[(2,2,2-trifluoroethyl)oxy]imida
zo[l,2- a]pyridine; 8-fluoro-2-[((2S)- 1-
{[5-(4-fluorophenyl)-2-methyl- 1,3-thiazol-4-
yl]carbonyl}-2-piperidinyl)methyl]imidazo[l,2-
a]pyridine;
8-fluoro-3-methyl-2-({(25)-l-[(2-methyl-5-phenyl-l,3-t
hiazol-4- yl)carbonyl]-2-piperidinyl}methyl)imidazo[
1,2-a]pyridine; 8-fluoro-2-[((25)- 1-
{[5-(4-fluorophenyl)-2-methyl- 1,3-thiazol-4-
yl]carbonyl}-2-piperidinyl)methyl]-3-methylimidazo[l,2
- a]pyridine; and
3-chloro-8-methyl-2-({(25)-l-[(2-methyl-5-phenyl-l,3-t
hiazol-4- yl)carbonyl]-2-piperidinyl}methyl)imidazo[
1,2-a]pyridine; or a pharmaceutically acceptable salt
thereof. In another embodiment the compound of formula
(I) is 6-fluoro-8-methyl-2-({(25)-
l-[(2-methyl-5-phenyl-l,3-thiazol-4-yl)carbonyl]-2-pip
eridinyl}methyl)imidazo[l,2- a]pyridine or a
pharmaceutically acceptable salt thereof. In a further
embodiment the compound of formula (I) is
6-fluoro-8-methyl-2-({(25)-
l-[(2-methyl-5-phenyl-l,3-thiazol-4-yl)carbonyl]-2-pip
eridinyl}methyl)imidazo[l,2- a]pyridine (HCl salt). It
will be appreciated that for use in medicine the salts
of the compounds of formula (I) should be
pharmaceutically acceptable. Suitable pharmaceutically
acceptable salts will be apparent to those skilled in
the art. Pharmaceutically acceptable salts include
those described by Berge, Bighley and Monkhouse
J.Pharm.Sci (1977) 66, pp 1-19. Such pharmaceutically
acceptable salts include acid addition salts formed
with inorganic acids e.g. hydrochloric, hydrobromic,
sulphuric, nitric or phosphoric acid and organic acids
e.g. succinic, maleic, acetic, fumaric, citric,
tartaric, benzoic, p-toluenesulfonic, methanesulfonic
or naphthalenesulfonic acid. Other salts e.g. oxalates
or formates, may be used, for example in the isolation
of compounds of formula (I) and are included within
the scope of this invention. Certain of the compounds
of formula (I) may form acid addition salts with one
or more equivalents of the acid. The present invention
includes within its scope all possible stoichiometric
and non-stoichiometric forms. The compounds of formula
(I) may be prepared in crystalline or non-crystalline
form and, if crystalline, may optionally be solvated,
eg. as the hydrate. This invention includes within its
scope stoichiometric solvates (eg. hydrates) as well
as compounds containing variable amounts of solvent
(eg. water). It will be understood that the invention
includes pharmaceutically acceptable derivatives of
compounds of formula (I) and that these are included
within the scope of the invention. As used herein
"pharmaceutically acceptable derivative" includes any
pharmaceutically acceptable ester or salt of such
ester of a compound of formula (I) which, upon
administration to the recipient is capable of
providing (directly or indirectly) a compound of
formula (I) or an active metabolite or residue
thereof. The compounds of formula (I) are S
enantiomers. Where additional chiral centres are
present in compounds of formula (I), the present
invention includes within its scope allpossible
enantiomers and diastereoisomers, including mixtures
thereof. The different isomeric forms may be separated
or resolved one from the other by conventional
methods, or any given isomer may be obtained by
conventional synthetic methods or by stereospecifc or
asymmetric syntheses. The invention also extends to
any tautomeric forms or mixtures thereof. The subject
invention also includes isotopically-labeled compounds
which are identical to those recited in formula (I)
but for the fact that one or more atoms are replaced
by an atom having an atomic mass or mass number
different from the atomic mass or mass number most
commonly found in nature. Examples of isotopes that
can be incorporated into compounds of the invention
include isotopes of hydrogen, carbon, nitrogen,
oxygen, fluorine, iodine and chlorine such as 3H, 11C,
14C, 18F, 123I or 125I . Compounds of the present
invention and pharmaceutically acceptable salts of
said compounds that contain the aforementioned
isotopes and/or other isotopes of other atoms are
within the scope of the present invention.
Isotopically labeled compounds of the present
invention, for example those into which radioactive
isotopes such as 3H or 14C have been incorporated, are
useful in drug and/or substrate tissue distribution
assays. Tritiated, ie. 3H, and carbon-14, ie. 14C,
isotopes are particularly preferred for their ease of
preparation and detectability. 11C and 18F isotopes
are particularly useful in PET (positron emission
tomography). Since the compounds of formula (I) are
intended for use in pharmaceutical compositions it
will readily be understood that they are each
preferably provided in substantially pure form, for
example at least 60% pure, more suitably at least 75%
pure and preferably at least 85%, especially at least
98% pure (% are on a weight for weight basis). Impure
preparations of the compounds may be used for
preparing the more pure forms used in the
pharmaceutical compositions. According to a further
aspect of the present invention there is provided a
process for the preparation of compounds of formula
(I) and derivatives thereof. The following schemes
detail some synthetic routes to compounds of the
invention. In the following schemes reactive groups
can be protected with protecting groups and
deprotected according to well established techniques.
Schemes According to a further feature of the
invention there is provided a process for the
preparation of compounds of formula (I) or salts
thereof. The following is an example of a synthetic
scheme that may be used to synthesise the compounds of
the invention.reagent Co X l ,Cl AIt will be
understood by those skilled in the art that certain
compounds of the invention can be converted into other
compounds of the invention according to standard
chemical methods. The starting materials for use in
the scheme are commercially available, known in the
literature or can be prepared by known methods. The
preparation of 5-phenyl-2-methyll, 



3-thiazole-4-carboxylic acids (the Ar groups) has been
described in, for example, Mamedov et al (1991)
Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya 12
pp2832- 2836. Mamedov et al (2004) Russian Journal of
Organic Chemistry (Translation of Zhurnal
Organicheskoi Khimii) 40(4) pp534-542.
((2S)-l-{[(l,l-dimethylethyl)oxy]carbonyl}-2-
piperidinyl)acetic acid is available from Neosystem
Product List (BAl 9302). Pharmaceutically acceptable
salts may be prepared conventionally by reaction with
the appropriate acid or acid derivative. The present
invention provides compounds of formula (I) or a
pharmaceutically acceptable salt thereof for use in
human or veterinary medicine. The compounds of formula
(I) or their pharmaceutically acceptable salts may be
of use for the treatment or prophylaxis of a disease
or disorder where an antagonist of a human orexin
receptor is required such as sleep disorders selected
from the group consisting of Dyssomnias such as
Primary Insomnia (307.42), Primary Hypersomnia
(307.44), Narcolepsy (347), Breathing-Related Sleep
Disorders (780.59), Circadian Rhythm Sleep Disorder
(307.45) and Dyssomnia Not Otherwise Specified
(307.47); primary sleep disorders such as Parasomnias
such as Nightmare Disorder (307.47), Sleep Terror
Disorder (307.46), Sleepwalking Disorder (307.46) and
Parasomnia Not Otherwise Specified (307.47); Sleep
Disorders Related to Another Mental Disorder such as
Insomnia Related to Another Mental Disorder (307.42)
and Hypersomnia Related to Another Mental Disorder
(307.44); Sleep Disorder Due to a General Medical
Condition, in particular sleep disturbances associated
with such diseases as neurological disorders,
neuropathic pain, restless leg syndrome, heart and
lung diseases; and Substance-Induced Sleep Disorder
including the subtypes Insomnia Type, Hypersomnia
Type, Parasomnia Type and Mixed Type; Sleep Apnea and
Jet-Lag Syndrome. In addition the compounds of formula
(I) or their pharmaceutically acceptable salts may be
of use for the treatment or prophylaxis of a disease
or disorder where an antagonist of a human orexin
receptor is required such as depression and mood
disorders including Major Depressive Episode, Manic
Episode, Mixed Episode and Hypomanic Episode;
Depressive Disorders including Major Depressive
Disorder, Dysthymic Disorder (300.4), Depressive
Disorder Not Otherwise Specified (31 1); Bipolar
Disorders including Bipolar I Disorder, Bipolar II
Disorder (Recurrent Major Depressive Episodes with
Hypomanic Episodes) (296.89), Cyclothymic Disorder
(301.13) and Bipolar Disorder Not Otherwise Specified
(296.80); Other Mood Disorders including Mood Disorder
Due to a General Medical Condition (293.83) which
includes the subtypes With Depressive Features, With
Major Depressive-like Episode, With Manic Features and
With Mixed Features), Substance-Induced Mood Disorder
(including the subtypes With Depressive Features, With
Manic Features and With Mixed Features) and Mood
Disorder Not Otherwise Specified (296.90).Further, the
compounds of formula (I) or their pharmaceutically
acceptable salts may be of use for the treatment or
prophylaxis of a disease or disorder where an
antagonist of a human orexin receptor is required such
as anxiety disorders including Panic Attack; Panic
Disorder including Panic Disorder without Agoraphobia
(300.01) and Panic Disorder with Agoraphobia (300.21);
Agoraphobia; Agoraphobia Without History of Panic
Disorder (300.22), Specific Phobia (300.29, formerly
Simple Phobia) including the subtypes Animal Type,
Natural Environment Type, Blood-Injection-Injury Type,
Situational Type and Other Type), Social Phobia
(Social Anxiety Disorder, 300.23),
Obsessive-Compulsive Disorder (300.3), Posttraumatic
Stress Disorder (309.81), Acute Stress Disorder
(308.3), Generalized Anxiety Disorder (300.02),
Anxiety Disorder Due to a General Medical Condition
(293.84), Substance-Induced Anxiety Disorder,
Separation Anxiety Disorder (309.21), Adjustment
Disorders with Anxiety (309.24) and Anxiety Disorder
Not Otherwise Specified (300.00). In addition the
compounds of formula (I) or their pharmaceutically
acceptable salts may be of use for the treatment or
prophylaxis of a disease or disorder where an
antagonist of a human orexin receptor is required such
as substance-related disorders including Substance Use
Disorders such as Substance Dependence, Substance
Craving and Substance Abuse; Substance-Induced
Disorders such as Substance Intoxication, Substance
Withdrawal, Substance-Induced Delirium,
Substance-Induced Persisting Dementia,
Substance-Induced Persisting Amnestic Disorder,
Substance-Induced Psychotic Disorder,
Substance-Induced Mood Disorder, Substance-Induced
Anxiety Disorder, Substance- Induced Sexual
Dysfunction, Substance-Induced Sleep Disorder and
Hallucinogen Persisting Perception Disorder
(Flashbacks); Alcohol-Related Disorders such as
Alcohol Dependence (303.90), Alcohol Abuse (305.00),
Alcohol Intoxication (303.00), Alcohol Withdrawal
(291.81), Alcohol Intoxication Delirium, Alcohol
Withdrawal Delirium, Alcohol-Induced Persisting
Dementia, Alcohol-Induced Persisting Amnestic
Disorder, Alcohol-Induced Psychotic Disorder,
Alcohol-Induced Mood Disorder, Alcohol-Induced Anxiety
Disorder, Alcohol-Induced Sexual Dysfunction,
Alcohol-Induced Sleep Disorder and Alcohol-Related
Disorder Not Otherwise Specified (291.9); Amphetamine
(or Amphetamine-Like)-Related Disorders such as
Amphetamine Dependence (304.40), Amphetamine Abuse
(305.70), Amphetamine Intoxication (292.89),
Amphetamine Withdrawal (292.0), Amphetamine
Intoxication Delirium, Amphetamine Induced Psychotic
Disorder, Amphetamine-Induced Mood Disorder,
Amphetamine-Induced Anxiety Disorder,
Amphetamine-Induced Sexual Dysfunction,
Amphetamine-Induced Sleep Disorder and
Amphetamine-Related Disorder Not Otherwise Specified
(292.9); Caffeine Related Disorders such as Caffeine
Intoxication (305.90), Caffeine-Induced Anxiety
Disorder, Caffeine-Induced Sleep Disorder and
Caffeine-Related Disorder Not Otherwise Specified
(292.9); Cannabis-Related Disorders such as Cannabis
Dependence (304.30), Cannabis Abuse (305.20), Cannabis
Intoxication (292.89), Cannabis Intoxication Delirium,
Cannabis- Induced Psychotic Disorder, Cannabis-Induced
Anxiety Disorder and Cannabis-Related Disorder Not
Otherwise Specified (292.9); Cocaine-Related Disorders
such as Cocaine Dependence (304.20), Cocaine Abuse
(305.60), Cocaine Intoxication (292.89), Cocaine
Withdrawal (292.0), Cocaine Intoxication Delirium,
Cocaine-Induced Psychotic Disorder, Cocaine-Induced
Mood Disorder, Cocaine-Induced Anxiety Disorder,
Cocaine-Induced Sexual Dysfunction, Cocaine-Induced
Sleep Disorder and Cocaine-Related Disorder
NotOtherwise Specified (292.9); Hallucinogen-Related
Disorders such as Hallucinogen Dependence (304.50),
Hallucinogen Abuse (305.30), Hallucinogen Intoxication
(292.89), Hallucinogen Persisting Perception Disorder
(Flashbacks) (292.89), Hallucinogen Intoxication
Delirium, Hallucinogen-Induced Psychotic Disorder,
Hallucinogen-Induced Mood Disorder,
Hallucinogen-Induced Anxiety Disorder and
Hallucinogen-Related Disorder Not Otherwise Specified
(292.9); Inhalant-Related Disorders such as Inhalant
Dependence (304.60), Inhalant Abuse (305.90), Inhalant
Intoxication (292.89), Inhalant Intoxication Delirium,
Inhalant-Induced Persisting Dementia, Inhalant-Induced
Psychotic Disorder, Inhalant-Induced Mood Disorder,
Inhalant-Induced Anxiety Disorder and Inhalant-Related
Disorder Not Otherwise Specified (292.9);
Nicotine-Related Disorders such as Nicotine Dependence
(305.1), Nicotine Withdrawal (292.0) and
Nicotine-Related Disorder Not Otherwise Specified
(292.9); Opioid-Related Disorders such as Opioid
Dependence (304.00), Opioid Abuse (305.50), Opioid
Intoxication (292.89), Opioid Withdrawal (292.0),
Opioid Intoxication Delirium, Opioid-Induced Psychotic
Disorder, Opioid-Induced Mood Disorder, Opioid-Induced
Sexual Dysfunction, Opioid-Induced Sleep Disorder and
Opioid-Related Disorder Not Otherwise Specified
(292.9); Phencyclidine (or Phencyclidine-Like)-Related
Disorders such as Phencyclidine Dependence (304.60),
Phencyclidine Abuse (305.90), Phencyclidine
Intoxication (292.89), Phencyclidine Intoxication
Delirium, Phencyclidine-Induced Psychotic Disorder,
Phencyclidine-Induced Mood Disorder,
Phencyclidine-Induced Anxiety Disorder and
Phencyclidine-Related Disorder Not Otherwise Specified
(292.9); Sedative-, Hypnotic-, or Anxiolytic-Related
Disorders such as Sedative, Hypnotic, or Anxiolytic
Dependence (304.10), Sedative, Hypnotic, or Anxiolytic
Abuse (305.40), Sedative, Hypnotic, or Anxiolytic
Intoxication (292.89), Sedative, Hypnotic, or
Anxiolytic Withdrawal (292.0), Sedative, Hypnotic, or
Anxiolytic Intoxication Delirium, Sedative, Hypnotic,
or Anxiolytic Withdrawal Delirium, Sedative-,
Hypnotic-, or Anxiolytic-Persisting Dementia,
Sedative-, Hypnotic-, or Anxiolytic- Persisting
Amnestic Disorder, Sedative-, Hypnotic-, or
Anxiolytic-Induced Psychotic Disorder, Sedative-,
Hypnotic-, or Anxiolytic-Induced Mood Disorder,
Sedative-, Hypnotic-, or Anxiolytic-Induced Anxiety
Disorder Sedative-, Hypnotic-, or Anxiolytic- Induced
Sexual Dysfunction, Sedative-, Hypnotic-, or
Anxiolytic-Induced Sleep Disorder and Sedative-,
Hypnotic-, or Anxiolytic-Related Disorder Not
Otherwise Specified (292.9); Polysubstance-Related
Disorder such as Polysubstance Dependence (304.80);
and Other (or Unknown) Substance-Related Disorders
such as Anabolic Steroids, Nitrate Inhalants and
Nitrous Oxide. In addition the compounds of formula
(I) or their pharmaceutically acceptable salts may be
of use for the treatment or prophylaxis of a disease
or disorder where an antagonist of a human orexin
receptor is required such as feeding disorders such as
bulimia nervosa, binge eating, obesity, including
obesity observed in Type 2 (non-insulin-dependent)
diabetes patients. Further, the compounds of formula
(I) or their pharmaceutically acceptable salts 



may be of use for the treatment or prophylaxis of a
disease or disorder where an antagonist of a human
orexin receptor is required such as stroke,
particularly ischemic or haemorrhagic and/or in
blocking an emetic response i.e. nausea and vomiting.
The numbers in brackets after the listed diseases
refer to the classification code in DSM-IV: Diagnostic
and Statistical Manual of Mental Disorders, 4th
Edition, published bythe American Psychiatric
Association. The various subtypes of the disorders
mentioned herein are contemplated as part of the
present invention. The invention also provides a
method of treating or preventing a disease or disorder
where an antagonist of a human orexin receptor is
required, for example those diseases and disorders
mentioned hereinabove, which comprises administering
to a subject in need thereof an effective amount of a
compound of formula (I) or a pharmaceutically
acceptable salt thereof. The invention also provides a
compound of formula (I), or a pharmaceutically
acceptable salt thereof, for use in the treatment or
prophylaxis of a disease or disorder where an
antagonist of a human orexin receptor is required, for
example those diseases and disorders mentioned
hereinabove. The invention also provides the use of a
compound of formula (I), or a pharmaceutically
acceptable salt thereof, in the manufacture of a
medicament for the treatment or prophylaxis of a
disease or disorder where an antagonist of a human
Orexin receptor is required, for example those
diseases and disorders mentioned hereinabove. For use
in therapy the compounds of the invention are usually
administered as a pharmaceutical composition. The
invention also provides a pharmaceutical composition
comprising a compound of formula (I), or a
pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier. The compounds of
formula (I) or their pharmaceutically acceptable salts
may be administered by any convenient method, e.g. by
oral, parenteral, buccal, sublingual, nasal, rectal or
transdermal administration, and the pharmaceutical
compositions adapted accordingly. The compounds of
formula (I) or their pharmaceutically acceptable salts
which are active when given orally can be formulated
as liquids or solids, e.g. as syrups, suspensions,
emulsions, tablets, capsules or lozenges. A liquid
formulation will generally consist of a suspension or
solution of the active ingredient in a suitable liquid
carrier(s) e.g. an aqueous solvent such as water,
ethanol or glycerine, or a non-aqueous solvent, such
as polyethylene glycol or an oil. The formulation may
also contain a suspending agent, preservative,
flavouring and/or colouring agent. A composition in
the form of a tablet can be prepared using any
suitable pharmaceutical carrier(s) routinely used for
preparing solid formulations, such as magnesium
stearate, starch, lactose, sucrose and cellulose. A
composition in the form of a capsule can be prepared
using routine encapsulation procedures, e.g. pellets
containing the active ingredient can be prepared using
standard carriers and then filled into a hard gelatin
capsule; alternatively a dispersion or suspension can
be prepared using any suitable pharmaceutical
carrier(s), e.g. aqueous gums, celluloses, silicates
or oils and the dispersion or suspension then filled
into a soft gelatin capsule. Typical parenteral
compositions consist of a solution or suspension of
the active ingredient in a sterile aqueous carrier or
parenterally acceptable oil, e.g. polyethylene glycol,
polyvinyl pyrrolidone, lecithin, arachis oil or sesame
oil. Alternatively, the solution can be lyophilised
and then reconstituted with a suitable solvent just
prior to administration. Compositions for nasal
administration may conveniently be formulated as
aerosols, drops, gels and powders. Aerosol
formulations typically comprise a solution or
finesuspension of the active ingredient in a
pharmaceutically acceptable aqueous or non aqueous
solvent and are usually presented in single or
multidose quantities in sterile form in a sealed
container which can take the form of a cartridge or
refill for use with an atomising device. Alternatively
the sealed container may be a disposable dispensing
device such as a single dose nasal inhaler or an
aerosol dispenser fitted with a metering valve. Where
the dosage form comprises an aerosol dispenser, it
will contain a propellant which can be a compressed
gas e.g. air, or an organic propellant such as a
fluorochlorohydrocarbon or hydrofluorocarbon. Aerosol
dosage forms can also take the form of pump-atomisers.
Compositions suitable for buccal or sublingual
administration include tablets, lozenges and pastilles
where the active ingredient is formulated with a
carrier such as sugar and acacia, tragacanth, or
gelatin and glycerin. Compositions for rectal
administration are conveniently in the form of
suppositories containing a conventional suppository
base such as cocoa butter. Compositions suitable for
transdermal administration include ointments, gels and
patches. In one embodiment the composition is in unit
dose form such as a tablet, capsule or ampoule. The
dose of the compound of formula (I), or a
pharmaceutically acceptable salt thereof, used in the
treatment or prophylaxis of the abovementioned
disorders or diseases will vary in the usual way with
the particular disorder or disease being treated, the
weight of the subject and other similar factors.
However, as a general rule, suitable unit doses may be
0.05 to 1000 mg, more suitably 0.05 to 500 mg. Unit
doses maybe administered more than once a day for
example two or three times a day, so that the total
daily dosage is in the range of about 0.01 to 100
mg/kg. Such therapy may extend for a number of weeks
or months. In the case of pharmaceutically acceptable
derivatives the above figures are calculated as the
parent compound of formula (I). Orexin-A (Sakurai, T.
et al (1998) Cell, 92 pp 573-585)) can be employed in
screening procedures for compounds which inhibit the
ligand's activation of the orexin-1 or orexin-2
receptors. In general, such screening procedures
involve providing appropriate cells which express the
orexin-1 or orexin-2 receptor on their surface. Such
cells include cells from mammals, yeast, Drosophila or
E. coli. In particular, a polynucleotide encoding the
orexin- 1 or orexin-2 receptor is used to transfect
cells to express the receptor. The expressed receptor
is then contacted with a test compound and an orexin-1
or orexin-2 receptor ligand, as appropriate, to
observe inhibition of a functional response. One such
screening procedure involves the use of melanophores
which are transfected to express the orexin-1 or
orexin-2 receptor, as described in WO 92/01810.
Another screening procedure involves introducing RNA
encoding the orexin-1 or orexin-2 receptor into
Xenopus oocytes to transiently express the receptor.
The receptor oocytes are then contacted with a
receptor ligand and a test compound, followed by
detection of inhibition of a signal in the case of
screening for compounds which are thought to inhibit
activation of the receptor by the ligand. Another
method involves screening for compounds which inhibit
activation of the receptor by determining inhibition
of binding of a labelled orexin-1 or orexin-2
receptorligand to cells which have the orexin-1 or
orexin-2 receptor (as appropriate) on their surface.
This method involves transfecting a eukaryotic cell
with DNA encoding the orexin-1 or orexin-2 receptor
such that the cell expresses the receptor on its
surface and contacting the cell or cell membrane
preparation with a compound in the presence of a
labelled form of an orexin-1 or orexin-2 receptor
ligand. The ligand may contain a radioactive label.
The amount of labelled ligand bound to the receptors
is measured, e.g. by measuring radioactivity. Yet
another screening technique involves the use of FLIPR
equipment for high throughput screening of test
compounds that inhibit mobilisation of intracellular
calcium ions, or other ions, by affecting the
interaction of an orexin-1 or orexin-2 receptor ligand
with the orexin-1 or orexin-2 receptor as appropriate.
Throughout the specification and claims which follow,
unless the context requires otherwise, the word
'comprise', and variations such as 'comprises' and
'comprising' will be understood to imply the inclusion
of a stated integer or step or group of integers but
not to the exclusion of any other integer or step or
group of integers or steps. All publications,
including but not limited to patents and patent
applications, cited in this specification are herein
incorporated by reference as if each individual
publication were specifically and individually
indicated to be incorporated by reference herein as
though fully set forth. The following Examples
illustrate the preparation of certain compounds of
formula (I) or salts thereof. The Descriptions 1 to 63
illustrate the preparation of intermediates used to
make compounds of formula (I) or salts thereof. In the
procedures that follow, after each starting material,
reference to a description is typically provided. This
is provided merely for assistance to the skilled
chemist. The starting material may not necessarily
have been prepared from the Description referred to.
The yields were calculated assuming that products were
100 % pure if not stated otherwise. The compounds
described in the Examples described hereinafter have
all been prepared as a first step from
stereochemically pure ((2S)-I -{[(1,1- 



dimethylethyl)oxy]carbonyl}-2-piperidinyl)acetic acid.
The stereochemistry of the compounds of the
Descriptions and Examples have been assigned on the
assumption that the pure configuration is maintained.
Compounds are named using ACD/Name PRO 6.02 chemical
naming software (Advanced Chemistry Development Inc.,
Toronto, Ontario, M5H2L3, Canada). Proton Magnetic
Resonance (NMR) spectra were recorded either on Varian
instruments at 400, 500 or 600 MHz, or on a Bruker
instrument at 400 MHz. Chemical shifts are reported in
ppm (d) using the residual solvent line as internal
standard. Splitting patterns are designed as s,
singlet; d, doublet; t, triplet; q, quartet; m,
multiplet; b, broad. The NMR spectra were recorded at
a temperature ranging from 25 to 90 0C. When more than
one conformer was detected the chemical shifts for the
most abundant one is usually reported. Unless
otherwise specified, HPLC analyses indicated by HPLC
(walk-up): rt (retention time) = x min, were performed
on a Agilent 1100 series instrument using a Luna 3u
C18(2) IOOA column (50 x 2.0 mm, 3 mm particle size)
[Mobile phase andGradient: 100% (water + 0.05% TFA) to
95% (acetonitrile + 0.05% TFA) in 8 min. Column T = 40
0C. Flow rate = 1 mL/min. UV detection wavelength =
220 nm]. Other HPLC analyses, indicated by HPLC
(walk-up, 3 min method), were performed using an
Agilent Zorbax SB-C 18 column (50 x 3.0 mm, 1.8 mm
particle size) [Mobile phase and Gradient: 100% (water
+ 0.05% TFA) to 95% (acetonitrile + 0.05% TFA) in 2.5
min, hold 0.5 min. Column T = 60 0C. Flow rate = 1.5
mL/min. UV detection wavelength = 220 nm]. Direct
infusion Mass spectra (MS) were run on a Agilent MSD
1100 Mass Spectrometer, operating in ES (+) and ES (-)
ionization mode [ES (+): Mass range: 100- 1000 amu.
Infusion solvent: water + 0.1% HCO2H / CH3CN 50/50. ES
(-): Mass range: 100-1000 amu. Infusion solvent: water
+ 0.05% NH4OH / CH3CN 50/50] or on an Agilent LC/MSD
1100 Mass Spectrometer coupled with HPLC instrument
Agilent 1100 Series, operating in positive or negative
electrospray ionization mode and in both acidic and
basic gradient conditions [Acidic gradient LC/MS - ES
(+ or -): analyses performed on a Supelcosil ABZ +
Plus column (33 x 4.6 mm, 3 mm). Mobile phase: A -
water + 0.1% HCO2H / B - CH3CN. Gradient (standard
method): t=0 min 0% (B), from 0% (B) to 95% (B) in 5
min lasting for 1.5 min, from 95% (B) to 0%(B) in 0.1
min, stop time 8.5 min. Column T = room temperature.
Flow rate = 1 mL/min. Gradient (fast method): t=0 min
0% (B), from 0% (B) to 95% (B) in 3 min lasting for 1
min, from 95% (B) to 0% (B) in 0.1 min, stop time 4.5
min. Column T = room temperature. Flow rate = 2
mL/min. Basic gradient LC/MS - ES (+ or -): analyses
performed on a XTerra MS Cl 8 column (30 x 4.6 mm, 2.5
mm). Mobile phase: A - 5 mM aq. NH4HCO3 + ammonia (pH
10) / B - CH3CN. Gradient: t = 0 min 0% (B), from 0%
(B) to 50% (B) in 0.4 min, from 50% (B) to 95% (B) in
3.6 min lasting for 1 min, from 95% (B) to 0% (B) in
0.1 min, stop time 5.8 min. Column T = room
temperature. Flow rate = 1.5 mL/min]. Mass range ES (+
or -): 100-1000 amu. UV detection range: 220-350 nm.
The usage of this methodology is indicated by "LC-MS"
in the analytic characterization of the described
compounds. Total ion current (TIC) and DAD UV
chromatographic traces together with MS and UV spectra
associated with the peaks were taken on a UPLC/MS
AcquityTM system equipped with 2996 PDA detector and
coupled to a Waters Micromass ZQTM mass spectrometer
operating in positive or negative electrospray
ionisation mode [LC/MS - ES (+ or -): analyses
performed using an AcquityTM UPLC BEH Cl 8 column (50
x 2.1 mm, 1.7 mm particle size). Mobile phase: A -
water + 0.1% HCO2H / B - CH3CN + 0.06% HCO2H.
Gradient: t = 0 min 3% B, t = 0.05 min 6% B, t = 0.57
min 70% B, t = 1.06 min 99% B lasting for 0.389 min, t
= 1.45 min 3% B, stop time 1.5 min. Column T = 40 0C.
Flow rate = 1.0 mL/min. Mass range: ES (+): 100-1000
amu. ES (-): 100-800 amu. UV detection range: 210-350
nm. The usage of this methodology is indicated by
"UPLC" in the analytic characterization of the
described compounds. Unless otherwise specified,
Preparative LC-MS purifications were run on a MDAP
(Mass Detector Auto Purification) Waters instrument
(MDAP FractionLynx). [LC/MS - ES (+): analyses
performed using a Gemini C18 AXIA column (50 x 2 1 mm,
5 mm particlesize). Mobile phase: A - NH4HCO3 sol. 10
niM, pH 10; B - CH3CN. Flow rate: 17 mL/min. The
gradient will be specified each time]. Preparative
LC-MS purifications were also run on a MDAP (Mass
Detector Auto Purification) Waters instrument. The
usage of this methodology is indicated by "Fraction
Lynx" in the analytic characterization of the
described compounds. [LC3 100 mg method. Column:
Waters XTerra Prep MS Cl 8 OBD (30 x 150 mm, 10 mm
particle size). Mobile phase: A - H2O + 0.1% HCO 2H /
B - CH3CN + 0.1% HCO 2H. Gradient: 30% to 55% (B) in
10 min, 55% to 99% (B) in 4 min, 99% to 100% (B) in 1
min. Flow rate = 40 mL/min. UV detection range:
210-400 nm. Ionization: ES+/ES-. Mass range: 150-900
amu]. For reactions involving microwave irradiation, a
Personal Chemistry EmrysTM Optimizer was used. In a
number of preparations, purification was performed
using Biotage manual flash chromatography (Flash+),
Biotage automatic flash chromatography (Horizon, SPl
and SP4), Companion CombiFlash (ISCO) automatic flash
chromatography, Flash Master Personal or Vac Master
systems. Flash chromatography was carried out on
silica gel 230-400 mesh (supplied by Merck AG
Darmstadt, Germany), Varian Mega Be-Si pre-packed
cartridges, pre-packed Biotage silica cartridges (e.g.
Biotage SNAP cartridge), KP-NH prepacked flash
cartridges or ISCO RediSep Silica cartridges. SPE-SCX
cartridges are ion exchange solid phase extraction
columns supplied by Varian. The eluent used with
SPE-SCX cartridges is methanol followed by 2N ammonia
solution in methanol. SPE-Si cartridges are silica
solid phase extraction columns supplied by Varian. The
following table lists the used abbreviations: AcCl
Acetyl chloride BESfAP 2,2 '-Bis(diphenylphosphino)-
1,1' -binaphthyl Boc -Butoxycarbonyl n-BuLi n-Butyl
lithium Cp Cyclopentadienyl Cy Cyclohexanes DBA
Dibenzyilidene acetone DCM Dichloromethane DIPA
V,V-Diisopropylamine DIPEA
L,L/-Diisopropyl-L/-ethylamine DME 1,2-Dimethoxyethane
DMF Dimethylformamide EtOH Ethanol Et2O Diethylether
EtOAc Ethylacetate IPA Isopropyl alcoholLAH Lithium
aluminum hydride LDA Lithiumdiisopropylamide MeOH
Methanol MsCl Mesylchloride NBS L/-Bromosuccinimide
NCS TV-Chlorosuccinimide Ps-TsCl Polystyrene sulfonyl
chloride (cross-linked polystyrene resin that is the
resin-bound equivalent of tosyl chloride) rt retention
time T temperature TBME tert-Butyl methyl ether TBS
tert-Butyl dimethylsilyl TBTU O-(benzotriazol-
1-y)-N,N,N W-tetramethyluronium tetrafluoroborate TEA
Triethylamine TFA Trifluoroacetic acid THF
Tetrahydrofuran DESCRIPTIONS Description 1:
1,1-dimethylethyl
(2S)-2-[2-(methyloxy)-2-oxoethyl]-lpiperidinecarboxyla
te (Dl) A mixture of
((2S)-l-{[(l,l-dimethylethyl)oxy]carbonyl}-2-piperidin
yl)acetic acid (1.00 g, 4.1 1 mmol), DIPEA (2.148 ml,
12.33 mmol) and TBTU (1.979 g, 6.17 mmol) in DMF (25
ml) was stirred at room temperature for 20 min and a
brown colour was formed. After this time MeOH (0.249
ml, 6.17 mmol) was added and the resulting solution
stirred at room 



temperature for 30 min. The mixture was transferred
into a separatory funnel containing brine (20 ml) and
extracted with EtOAc (2 x 20 ml). The combined organic
layers were washed with water/ice (5 x 20 ml). The
organic layer was dried (Na SO ), filtered and
concentrated. The crude obtained was purified by flash
chromatography on silica gel (Biotage SPl, Cy/EtOAc
from 100/0 to 85/15). Collected fractions gave the
title compound Dl (1.01 g, 3.92 mmol, 95% yield) as a
colorless oil. 1H-NMR (400 MHz, CDCl3) d(ppm): 4.67 -
4.75 (m, 1 H), 3.96 - 4.05 (m, 1 H), 3.67 (s, 3 H),
2.79 (t, 1 H), 2.61 (dd, IH), 2.53 (dd, 1 H), 1.60 -
1.70 (m, 6 H), 1.46 (s, 9 H). Description 2 :
1,1-dimethylethyl
(2S)-2-(3-bromo-2-oxopropyl)-lpiperidinecarboxylate
(D2)Preparation (i) In a 500 ml round-bottom flask
under nitrogen at room temperature, 1,1-dimethylethyl
(2S)-2-[2-(methyloxy)-2-oxoethyl]-l-piperidinecarboxyl
ate Dl (11.10 g, 43.10 mmol) was dissolved in THF (100
ml) to give a pale yellow solution. This solution was
cooled to -78 0C and the Tebbe reagent ( 104 ml of a
0.5 M solution in toluene, 51.80 mmol) was added
dropwise. The thick mixture was diluted with further
70 ml of dry toluene. The resulting brown-orange
mixture was stirred at -78 0C for 30 min and then
slowly warmed up to room temperature and left under
stirring for 2 h. The reaction mixture was charged
into a dropping funnel and then added dropwise to a 2
L round-bottom flask containing about 400 ml of an
ice-cooled 1M NaOH aqueous solution. At the end of the
quench, the resulting grey suspension was diluted with
EtOAc (250 ml) and allowed to stir overnight. The
resulting yellow suspension was then filtered over a
Gooch funnel and salts were washed with EtOAc (500
ml). Phases were then separated and the organic layer
was washed with brine (2 x 500 ml). The organic phase
was dried (Na SO ), filtered and concentrated to give
a deep orange oil. The residue was diluted with Et2O
(about 500 ml). Some salts precipitated and the
resulting suspension was filtered over a Gooch funnel.
The filtrate was concentrated under vacuum to give
12.40 g of 1,1 -dimethylethyl (2S)-2-[2-(methyloxy)-2-
propen-l-yl]-l-piperidinecarboxylate as an
orange-brown crude oil. The material contained some
residual salts (the overall recovered amount was
higher than the theoretical amount). The material was
used without further purification in the next reaction
and supposed to be pure at 88.7 wt%. In a 1 L
round-bottom flask under nitrogen at room temperature
1,1- dimethylethyl
(2S)-2-[2-(methyloxy)-2-propen-l-yl]-l-piperidinecarbo
xylate (12.40 g, 43.10 mmol) was dissolved in THF (125
ml) and water (35 ml) to give a pale yellow solution.
NBS (7.67 g, 43.10 mmol) was then added dissolved in
about 100 ml of THF. The resulting grey mixture was
stirred at room temperature for 1 h. Additional NBS (
1.50 g, 0.2 eq) dissolved in 50 ml of THF was added
and the reaction mixture stirred at room temperature
for 1 h. The mixture was concentrated under vacuum to
remove THF, then was diluted with EtOAc (about 500 ml)
and water (200 ml). Phases were separated and the
aqueous layer was back-extracted with EtOAc (250 ml).
The combined organic layers were dried (Na2SO4),
filtered and concentrated to give 17.80 g of a brown
oil. The material was purified by flash chromatography
on silica gel (Biotage 75L, Cy/EtOAc from 100/0 to
90/10) to give the title compound D2 (6.00 g, 18.70
mmol, 43.5% yield from Dl, two steps) as a yellow oil.
UPLC: rt = 0.79 min, peaks observed: 342 (M+Na, 100%)
and 344 (M+Na, 100%), 264 (MtBu, 100%) and 266 (M-tBu,
100%). Ci3H22BrNO3 requires 319. 1H NMR (400 MHz,
CDCl3) d(ppm): 4.72 - 4.79 (m, 1 H), 3.91 - 4.10 (m, 3
H), 2.77 - 2.97 (m, 3 H), 1.49 - 1.75 (m, 6 H), 1.46
(s, 9 H).Alternative preparation (ii) An alternative
route to (1,1-dimethylethyl
(25)-2-(3-bromo-2-oxopropyl)-lpiperidinecarboxylate)
D2 is the following: A stirred solution of DIPA (7.84
ml, 56.00 mmol) in THF (70 ml) was cooled to 0 0C and
n-BuLi (35.70 ml of a 1.6 M solution in Cy, 57.10
mmol) was added dropwise. To a solution of
dibromomethane (3.58 ml, 51.30 mmol) in THF (70 ml)
cooled to -90 0C was added dropwise the LDA solution
previously prepared. After 5 min stirring, a solution
of 1,1-dimethylethyl
(2S)-2-[2-(methyloxy)-2-oxoethyl]-l-piperidinecarboxyl
ate Dl (6.00 g, 23.30 mmol) in THF (47 ml) was added
dropwise to the reaction mixture and then, after 10
min, n-BuLi (22.20 ml of a 1.6 M solution in Cy, 35.50
mmol) was added. After 5 min the resulting mixture was
added, via cannula, to a rapidly stirring solution of
AcCl (35.00 ml, 492 mmol) in absolute EtOH (230 ml)
cooled to -78 0C. The reaction mixture was left under
stirring and then diluted with Et O (400 ml). The
mixture was transferred into a separatory funnel and
washed with a cold 10% H2SO aqueous solution (2 x 100
ml), a 5% NaHC q 3aqueous solution (100 ml) and brine
(100 ml). The organic phase was dried (Na2SO4),
filtered and the solvent removed under reduced
pressure. Purification by flash chromatography on
silica gel (Biotage SPl 40 M, DCM) gave the title
compound D2 (1.14 g, 3.56 mmol, 15% yield). NMR and MS
confirmed the product. Alternative preparation (iii)
In a IL round-bottom flask titanocene dichloride (60
g, 0.24 mol) was suspended in dry toluene (300 ml)
under nitrogen atmosphere and cooled down to 0 0C.
Methylmagnesium chloride (3 M solution in THF, 180 ml,
0.54 mol) was added dropwise (over 45 min), keeping
the internal temperature below 8 0C. The resulting
mixture was stirred at 0-5 0C for 1.5 h and then
transferred (over 30 min) through a siphon in an
ice-cooled 6% w/w NH4Cl aqueous solution (180 ml),
keeping the internal temperature below 5 0C. The
mixture was stirred at 0-5 0C for 1 h. Celite (15 g)
was added, the mixture stirred at 10 0C for 15 min and
then filtered washing with toluene (20 ml). Phases
were separated. The organic layer was washed with
water (180 ml) and brine (180 ml), dried (Na2SO4),
filtered and then distilled down under vacuo to 200
ml. The dimethyltitanocene solution in toluene was
charged in a 1 L round-bottom flask under nitrogen
atmosphere and 1,1-dimethylethyl (2S)-2-[2-
(methyloxy)-2-oxoethyl]-l-piperidinecarboxylate (20 g,
0.078 mol) was added. The resulting mixture was
stirred at 90 0C for 3 h. Toluene (500 ml) and
iso-octane (500 ml) were added and the mixture
filtered through a celite pad to remove inorganic
salts. A CUNO filtration (R55S cartridge) was then
performed to remove the finest particle size solid.
The resulting clear solution was concentrated under
vacuo to afford the intermediate 1,1-dimethylethyl
(2S)-2- {2-[(methyloxy)methyl]-2-propen- 1-yl}
-1-piperidinecarboxylate as an orange oil (13.60 g,
0.053 mol, 68% yield). HPLC (walk-up): rt = 4.69 min.
1H-NMR (400 MHz, CDCl3) d(ppm): 4.42 - 4.58 (m, 1 H),
3.94 - 4.08 (m, 1 H), 3.88-3.93 (m, 2 H), 3.53 (s, 3
H), 2.79 (t, 1 H), 2.42 (dd, IH), 2.27 (dd, 1 H), 1.50
- 1.70 (m, 6 H), 1.46 (s, 9 H).NBS (8.36 g, 0.047 mol)
was added portionwise to a mixture of
1,1-dimethylethyl (2S)-2-
{2-[(methyloxy)methyl]-2-propen-l-yl}-l-piperidinecarb
oxylate (10 g, 0.039 mol) in THF (70 ml) and H2O (15
ml). The mixture was diluted with TBME (100 ml) and
water (50 ml). The aqueous phase was back-extracted
with TBME (50 ml). The collected organic phases were
washed (twice) with a 4% w/w NaHCO aqueous solution,
dried (Na2SO ), filtered and evaporated under vacuo.
The residual oil was purified by filtration through a
silica pad (20 g, toluene/EtOAc 90/10). A further
filtration through a silica pad (50 g, toluene/TBME
90/10) afforded the title compound D2 (7.80 g, 0.024
mol, 62% yield). 1H-NMR (600 MHz, DMSO-J 6) d(ppm):
4.50 - 4.64 (m, 1 H), 4.35 (s, 2 H), 3.70 - 3. 88 (m,
1 H), 2.86 - 3.01 (m, 1 H), 2.65 - 2.82 (m, 2 H), 1.42
- 1 .60 (m, 5 H), 1.35 (s, 9 H), 1.14 - 1.28 (m, I H).
Description 3 : 1,1-dimethylethyl
(2S)-2-{[7-(trifluoromethyl)imidazo[l,2- ]pyridin-2-
yl]methyl}-l-piperidinecarboxylate (D3): To a solution
of 1,1-dimethylethyl
(25)-2-(3-bromo-2-oxopropyl)-l-piperidinecarboxylate
D2 (0.30 g, 0.94 mmol) in DMF (2 ml) was added
4-(trifluoromethyl)-2-pyridinamine (0.23 g, 1.41 mmol)
and the mixture was stirred at 80 0C for 1.5 h. The
reaction mixture was diluted with brine and a
saturated NaHCO aqueous solution and then extracted
with EtOAc. The residue was purified by flash
chromatography on silica gel (Biotage 25M, Cy/EtOAc
from 90/1 0 to 50/50). Collected fractions gave the
title compound D3 (0. 19 g, 0.50 mmol, 53% yield) as a
white solid contaminated with some residual 4-
(trifluoromethyl)-2-pyridinamine. UPLC: rt = 0.69 min,
peak observed: 384 (M+l). C1 H24F3N O2 requires 383.
Description 4 :
2-[(2S)-2-piperidinylmethyl]-7-(trifluoromethyl)imidaz
o[l,2- ]pyridine (D4): To a solution of
1,1-dimethylethyl
(2S)-2-{[7-(trifluoromethyl)imidazo[l,2-a]pyridin-2-
yl]methyl}-l-piperidinecarboxylate D3 (0.050 g, 0.13
mmol) in dry DCM (1.50 ml), TFA (0.50 ml) was added
and the reaction mixture left under stirring at room
temperature for 1 h. Solvent removal afforded a
residue that was eluted through a SCX column.
Collected fractions gave the title compound D4 (0.035
g, 0.12 mmol, 95% yield) as a colourless oil.UPLC: rt
= 0.46 min, peak observed: 284 (M+l). C14H16F3N3
requires 283. Description 5: 1,1-dimethylethyl
(2S)-2-{[6-(trifluoromethyl)imidazo[l,2- ]pyridin-2-
yl] methyl}-l-piperidinecarboxylate (D5): In a 7 ml
screw capped vial 1,1-dimethylethyl
(25)-2-(3-bromo-2-oxopropyl)- 1- piperidinecarboxylate
D2 (0.050 g, 0.16 mmol), DMF ( 1 ml) and
5-(trifluoromethyl)-2- pyridinamine (0.038 g, 0.23
mmol) were added and the resulting mixture stirred at
80 0C for 13 h. The mixture was diluted with water and
extracted with EtOAc to afford 0.068 g of a crude
containing the title compound D5 and some residual
5-(trifluoromethyl)-2- 



pyridinamine. The material was used in the next step
without further purification. HPLC (walk-up): rt =
3.85 min. MS: (ES/+) m/z: 384 (M+l). C19H24F3N3O2
requires 383. Description 6:
2-[(2S)-2-piperidinylmethyl]-6-(trifluoromethyl)imidaz
o [1,2- ]pyridine (D6): A mixture of 1,1-dimethylethyl
(25)-2-{[6-(trifluoromethyl)imidazo[l,2- a]pyridin-2-
yl]methyl}-l -piperidinecarboxylate D5 (0.068 g of a
material contaminated with some residual
5-(trifluoromethyl)-2-pyridinamine as reported in
Description 5) and DCM (4 ml) was cooled to 0 0C. TFA
( 1 ml) was added dropwise and the reaction mixture
left under stirring at room temperature for 3 h.
Solvent removal afforded a residue that was eluted
through a SCX column. Collected fractions gave 0.070 g
of a crude containing the title compound D6 and some
residual 5-(trifluoromethyl)-2-pyridinamine. The
material was used in the next step without further
purification. HPLC (walk-up): rt = 2.29 min. MS:
(ES/+) m/z: 284 (M+l). C14H16F3N3 requires 283.
Description 7: 1,1-dimethylethyl
(2S)-2-{[8-(trifluoromethyl)imidazo[l,2- ]pyridin-2-
yl] methyl}-l-piperidinecarboxylate (D7):In a 7 ml
screw cap vial 1,1-dimethylethyl
(25)-2-(3-bromo-2-oxopropyl)- 1- piperidinecarboxylate
D2 (0.10 g, 0.31 mmol), DMF ( 1 ml) and
3-(trifluoromethyl)-2- pyridinamine (0.076 g, 0.47
mmol) were added and the resulting mixture stirred at
80 0C for 13 h. The mixture was eluted through a SCX
column. Collected fractions gave 0.15 g of a crude
containing the title compound D7, the corresponding
free amine and some residual 3-
(trifluoromethyl)-2-pyridinamine. The material was
used in the next step without further purification.
HPLC (walk-up): rt = 3.79 min. MS: (ES/+) m/z: 384
(M+l). C19H24F3N3O2 requires 383. Description 8:
2-[(2S)-2-piperidinylmethyl]-8-(trifluoromethyl)imidaz
o [1,2- ]pyridine To a solution of 1,1 -dimethylethyl
(2S)-2-{[8-(trifluoromethyl)imidazo[l,2-a]pyridin-2-
yl]methyl}-l -piperidinecarboxylate D7 (0.064 g, 0.17
mmol) in DCM (2.50 ml), TFA (0.50 ml) was added
dropwise at 0 0C and the solution was stirred for 1 h.
Volatiles were removed under reduced pressure and the
residue was eluted through a SCX column. Collected
fractions gave the title compound D8 (0.035 g, 0.12
mmol, 74% yield). LC-MS: rt = 0.33 min, peak observed:
284 (M+l). C14H16F3N3 requires 283. Description 9:
1,1-dimethylethyl (2S)-2-[(6,8-dichloroimidazo[l,2-
]pyridin-2- yl)methyl]-l-piperidinecarboxylate (D9):
In a 7 ml screw cap vial 1,1 -dimethylethyl
(25)-2-(3-bromo-2-oxopropyl)- 1- piperidinecarboxylate
D2 (0.52 g, 0.16 mmol), DMF (3.80 ml) and
3,5-dichloro-2- pyridinamine (0.040 g, 0.25 mmol) were
added and the resulting mixture stirred at 80 0C for 3
h. The mixture was diluted with brine and extracted
with EtOAc. The organic layer was washed with
brine/ice, dried (Na2SO4), filtered and evaporated
under vacuum to give 0.10 gof a crude containing the
title compound D9. The material was used in the next
step without further purification. MS: (ES/+) m/z: 384
(M+l, 100%) and 386 (M+l, 66%). Ci8H23Cl2N3O2 requires
383. Description 10:
6,8-dichloro-2-[(2S)-2-piperidinylmethyl]imidazo[l,2-f
l]pyridine (DlO): A mixture of 1,1-dimethylethyl
(25)-2-[(6,8-dichloroimidazo[l,2-
a]pyridin-2-yl)methyl]-lpiperidinecarboxylate D9 (0.10
g of the crude material obtained in Description 9) and
DCM (4 ml) was cooled to 0 0C. TFA ( 1 ml) was added
dropwise and the reaction mixture left under stirring
at room temperature for 1 h. Solvent removal afforded
a residue that was eluted through a SCX column.
Collected fractions gave 0.051 g of a crude yellow oil
containing the title compound DlO. The material was
used without further purification in the next step.
MS: (ES/+) m/z: 284 (M+l, 100%) and 286 (M+l, 66%).
Ci3H15Cl2N3 requires 283. Description 11:
1,1-dimethylethyl (2S)-2-[(8-methylimidazo[l,2-
]pyridin-2- yl)methyl]-l-piperidinecarboxylate (Dl 1):
In a 50 ml round-bottom flask at room temperature
under nitrogen, 1,1-dimethylethyl (2S)-
2-(3-bromo-2-oxopropyl)-l-piperidinecarboxylate D2
(0.12 g, 0.375 mmol) was dissolved in DMF (2 ml) to
give a pale yellow solution. 3-Methyl-2-pyridinamine
(0.0608 g, 0.562 mmol) was then added and the
resulting solution heated at 80 0C for 45 min. The
mixture was allowed to cool down to room temperature
and was diluted with brine (5 ml) and Et2O (2 ml).
Phases were separated and the aqueous layer extracted
with Et2O (3 x 3 ml). The combined organic layers were
dried (Na2SO ), filtered and concentrated to give 0.12
g of a crude pale yellow oil containing the title
compound DIl. The material was used without further
purification in the next step. UPLC: rt = 0.54 min,
peak observed: 330 (M+l). Ci9H27N3O2 requires 329.
Description 12:
8-methyl-2-[(2S)-2-piperidinylmethyl]imidazo[l,2-
]pyridine (D12):In a 100 ml pear flask
1,1-dimethylethyl
(2S)-2-[(8-methylimidazo[l,2-a]pyridin-2-
yl)methyl]-l-piperidinecarboxylate DIl (1.70 g, 5.16
mmol) was dissolved in DCM (30 ml) to give a yellow
solution that was cooled to 0 0C. TFA (5 ml) was added
dropwise and the resulting mixture left under stirring
overnight. The mixture was evaporated under vacuum and
the crude dark oil was eluted through a SCX column.
Collected fractions gave the title compound D12 (1.05
g, 4.39 mmol, 85% yield) as an oil. HPLC (walk-up): rt
= 1.85 min. UPLC: rt = 0.31 min, peak observed: 230
(M+l). C14H19N3 requires 229. 1HNMR (400 MHz, CDCl 3)
d(ppm): 7.94 (d, 1 H), 7.41 (s, 1 H), 6.94 (d, 1 H),
6.66 (t, 1 H), 2.89 - 3.06 (m, 1 H), 2.93 - 3.01 (m, 2
H), 2.71 - 2.79 (m, 1 H), 2.58 - 2.67 (m, 4 H), 1.85 -
1.95 (bs, NH), 1.75 - 1.84 (m, 2 H), 1.58 - 1.64 (m, 1
H), 1.22 - 1.55 (m, 3 H). Description 13:
6,8-difluoro-2-[(2S)-2-piperidinylmethyl]imidazo[l,2-
]pyridine (D13): To a solution of 1,1-dimethylethyl
(25)-2-(3-bromo-2-oxopropyl)-l-piperidinecarboxylate
D2 (0.29 mmol) in DMF ( 1 ml),
3,5-difiuoro-2-pyridinamine (0.056 g, 0.43 mmol) was
added and the mixture was stirred at 80 0C for 2.5 h.
The reaction mixture was eluted through a SCX column.
Collected fractions gave 0.066 g of an oil containing
a mixture of the final compound, the corresponding
iV-Boc derivative and some residual 3,5-difluoro-2-
pyridinamine. [JV-BOC derivative data: MS: (ES/+) m/z:
352 (M+l). C1 H F N O requires 351. UPLC: rt = 0.69
min, peak observed: 352 (M+l)]. The crude was
dissolved in DCM (2.50 ml) and the resulting solution
cooled to 0 0C. TFA (0.50 ml) was added dropwise, the
reaction left under stirring for 1 h and then eluted
through a SCX column. Collected fractions gave the
title compound D13 (0.041 g, 0.16 mmol, 55% yield from
D2, two steps). LC-MS: rt = 0.32 min, peak observed:
252 (M+l). C13H15F2N3 requires 251. Description 14:
6-fluoro-2-[(2S)-2-piperidinylmethyl]imidazo[l,2-
]pyridine (D14): To a solution of 1,1-dimethylethyl
(25)-2-(3-bromo-2-oxopropyl)-l-piperidinecarboxylate
D2 (0.10 g, 0.31 mmol) in DMF ( 1 ml),
5-fluoro-2-pyridinamine (0.053 g, 0.47 mmol) wasadded
and the mixture heated at 80 0C for 2 h. The reaction
mixture was eluted through a SCX column. Collected
fractions gave 0.075 g of an oil containing a mixture
of the final compound and the corresponding iV-Boc
protected derivative. [W-Boc derivative data: MS:
(ES/+) m/z: 334 (M+l). Ci8H24FN3O2 requires 333]. The
crude was dissolved in DCM (2.50 ml) and the resulting
solution cooled to 0 0C. TFA (0.50 ml) was added
dropwise, the reaction left under stirring for 1 h and
then eluted through a SCX column. Collected fractions
gave the title compound D14 (0.051 g, 0.22 mmol, 71%
yield from D2, two steps). LC-MS: rt = 0.24 min, peak
observed: 234 (M+l). Ci3Hi6FN3 requires 233.
Description 15:
2-[(2S)-2-piperidinylmethyl]imidazo[l,2-
]pyridine-7-carbonitrile To a solution of
1,1-dimethylethyl
(25)-2-(3-bromo-2-oxopropyl)-l-piperidinecarboxylate
D2 (0.27 mmol) in DMF ( 1 ml),
2-amino-4-pyridinecarbonitrile (0.032 g, 0.27 mmol)
was added and the mixture heated at 80 0C for 2.5 h.
The reaction was eluted through a SCX column.
Collected fractions gave 0.049 g of an oil containing
a mixture of the final compound, the corresponding
iV-Boc protected derivative and some residual
2-amino-4- pyridinecarbonitrile. [JV-BOC derivative
data: UPLC: rt = 0.65 min, peak observed: 341 (M+l).
Ci9H24N4O2 requires 340]. The crude was dissolved in
DCM (2.50 ml) and the resulting solution cooled to 0
0C. TFA (0.50 ml) was added dropwise, the reaction
left under stirring for 1 h and then eluted through a
SCX column. Collected fractions gave the title
compound D15 (0.041 g, 0.17 mmol, 63% yield from D2,
two steps) contaminated with some residual
2-amino-4-pyridinecarbonitrile. UPLC: rt = 0.38 min,
peak observed: 241 (M+l). Ci4Hi6N4 requires 240.
Description 16: 6-bromo-7,8-dimethyl-2-
[(2S)-2-piperidinylmethyl]imidazo[1,2- a]pyridine
(D16): To a solution of 1,1-dimethylethyl
(25)-2-(3-bromo-2-oxopropyl)-l-piperidinecarboxylate
D2 (0.13 g, 0.39 mmol) in DMF ( 1 ml),
5-bromo-3,4-dimethyl-2-pyridinamine (0.12 g, 0.59
mmol) was added and the mixture heated at 80 0C for 2
h. The reaction was eluted through a SCX column.
Collected fractions gave 0.13 g of an oil containing a
mixture of the final compound, the corresponding
iV-Boc protected derivative and some residual
5-bromo-3,4- dimethyl-2-pyridinamine. [JV-Boc
derivative data: MS: (ES/+) m/z: 422 (M+l, 100%)
and424 (M+ 1, 100%). C20H28BrN3O2 requires 421]. The
crude was dissolved in DCM (2.50 ml) and the resulting
solution cooled to 0 0C. TFA (0.50 ml) was added
dropwise, the reaction left under stirring for 1 h and
then eluted through a SCX column. Collected fractions
gave the title compound D16 (0.090 g, 0.28 mmol, 72%
yield from D2, two steps). MS: (ES/+) m/z: 322 (M+1,
100%) and 324 (M+l, 100%). C 5H2oBrN3 requires 321. 



Description 17: 2-[(2S)-2-piperidinylmethyl]
-5-(trifluoromethyl)imidazo [1,2- fl]pyridine (D17):
To a solution of 1,1-dimethylethyl
(25)-2-(3-bromo-2-oxopropyl)- 1-piperidinecarboxylate
D2 (0.10 g, 0.32 mmol) in DMF ( 1 ml),
6-(trifiuoromethyl)-2-pyridinamine (0.077 g, 0.48
mmol) was added and the mixture heated at 80 0C for 3
h. The reaction was eluted through a SCX column.
Collected fractions gave 0.070 g of an oil containing
the N-Boc protected derivative contaminated with some
residual 6-(trifluoromethyl)-2-pyridinamine. [N-Boc
derivative data: MS: (ES/+) m/z: 384 (M+l).
C19H24F3N3O2 requires 383]. The crude was dissolved in
DCM (4 ml) and the resulting solution cooled to 0 0C.
TFA ( 1 ml) was added dropwise, the reaction left
under stirring for 1 h and then eluted through a SCX
column. Collected fractions gave the title compound
D17 (0.060 g, 0.21 mmol, 66% yield from D2, two
steps). MS: (ES/+) m/z: 284 (M+l). C14Hi6F3N3 requires
283. Description 18:
6-bromo-5-methyl-2-[(2S)-2-piperidinylmethyl]imidazo[l
,2- ]pyridine (D18): To a solution of 1,1
-dimethylethyl (25)-2-(3-bromo-2-oxopropyl)-l
-piperidinecarboxylate D2 (0.10 g, 0.31 mmol) in DMF (
1 ml), 5-bromo-6-methyl-2-pyridinamine (0.088 g, 0.47
mmol) was added and the mixture heated at 80 0C for 2
h. The reaction was eluted through a SCX column.
Collected fractions gave 0.12 g of an oil containing
the final compound, the corresponding N-Boc protected
derivative and some residual 5-bromo-6-methyl-2-
pyridinamine. [ -Boc derivative data: MS: (ES/+) m/z:
408 (M+l, 100%), 410 (M+l, 100%). Ci9H26BrN3O2
requires 407]. The crude was dissolved in DCM (2.50
ml) and the resulting solution cooled to 0 0C. TFA
(0.50 ml) was added dropwise, the reaction left under
stirring for 1 h and then eluted through a SCX column.
Collected fractions gave the title compound D18
contaminated with some residual
5-bromo-6-methyl-2-pyridinamine (0.087g, 0.28 mmol,
90% yield from D2, two steps). MS: (ES/+) m/z: 308
(M+l, 100%) and 310 (M+l, 100%) C14Hi8BrN3 requires
307. Description 19: 1,1-dimethylethyl
(2S)-2-[(8-fluoroimidazo[l,2- ]pyridin-2-yl)methyl]-
1-piperidinecarboxylate (D19): 1,1-Dimethylethyl
(25)-2-(3-bromo-2-oxopropyl)- 1-piperidinecarboxylate
D2 (42.80 g, 134 mmol) and 3-fluoro-2-pyridinamine
(14.98 g, 134 mmol) were dissolved in dry DMF (240 ml)
and the resulting solution was stirred at 80 0C for 4
h. The reaction mixture was cooled to 25C and was
diluted with NaHCO sat aqueous solution/water 1/1 (470
ml) and extracted with Et O (3 x 941 ml). The organic
layers were combined, dried (Na2SO4) and the solvent
removed under reduced pressure. The residue was
purified by flash chromatography on silica gel
(Biotage 75L, Cy/EtOAc/MeOH from 80/20/2.5 to
80/20/10) to afford 25.70 g of the title compound D19
contaminated with 3-fluoro-2-pyridinamine (25% from
NMR analysis). The material was dissolved in DCM (650
ml). Ps-TsCl [38 g, 74.90 mmol (resin capacity 1.97
mmol/g)] and then DMAP (3 g, 24.56 mmol) were added.
The resulting mixture was stirred at room temperature
under Argon atmosphere overnight and filtered. The
filtrate was dried (Na2SO4), the solvent removed under
vacuum and the crude purified by flash chromatography
on silica gel (Biotage 75L, Cy/EtOAc/MeOH from 80/20/2
to 80/20/5) to afford the title compound D19 (23.56 g,
70.70 mmol, 53% yield from D2) contaminated with some
residual 3-fluoro-2-pyridinamine (14% from NMR
analysis). IH NMR (400 MHz, CDCl3) d(ppm): 7.86 (d, 1
H), 7.40 - 7.57 (bs, 1 H), 6.79 - 6.90 (m, 1 H), 6.60
- 6.71 (m, 1 H), 4.63 - 4.77 (m, 1 H), 3.97 - 4.16 (m,
1 H), 3.18 - 3.34 (m, 1 H), 2.86 - 3.03 (m, 2 H), 1.33
- 1.81 (m, 6 H), 1.13-1.37 (bs, 9 H). Description 20:
7-(methyloxy)-2-[(2S)-2-piperidinylmethyl]imidazo[l,2-
]pyridine To a solution of 1,1-dimethylethyl
(25)-2-(3-bromo-2-oxopropyl)- 1-piperidinecarboxylate
D2 (0.1 1 g, 0.27 mmol) in DMF ( 1 ml) was added
4-(methyloxy)-2-pyridinamine (0.033 g, 0.27 mmol) and
the mixture was stirred at 80 0C for 2.5 h. The
reaction mixture was eluted through a SCX column.
Collected fractions gave 0.058 g of an oil containing
a mixture of the title compound, the corresponding
iV-Boc protected derivative and some residual
4-(methyloxy)-2-pyridinamine. [W-Boc derivative data.
LC-MS: it = 1.44 min, peak observed m/z = 346 (M+l).
C19H27N3O3 requires 345]. The crude was dissolved in
DCM (2.50 ml) and the resulting solution cooled to 0
0C. TFA (0.50 ml) was added dropwise, the reaction
left under stirring for 1 h and then eluted through a
SCX column. Collected fractions gave the title
compound D20 (0.050 g) contaminated with
4-(methyloxy)-2-pyridinamine. The material was used
without further purification in the next step. UPLC:
rt = 0.43 min, peak observed: 246 (M+l). C14H19N3O
requires 245. Description 21:
2-[(2S)-2-piperidinylmethyl]imidazo[l,2-
]pyridine-8-carbonitrile (D21): To a solution of
1,1-dimethylethyl
(25)-2-(3-bromo-2-oxopropyl)-l-piperidinecarboxylate
D2 (0.1 1 g, 0.275 mmol) in DMF ( 1 ml) was added
2-amino-3-pyridinecarbonitrile (0.0491 g, 0.412 mmol)
and the mixture was stirred at 80 0C for 2.5 h. The
reaction mixture was eluted through a SCX column
eluted with ammonia in methanol. Collected fractions
gave 0.054 g of an oil containing the title compound,
the corresponding N-Boc protected derivative and some
residual 2-amino-3-pyridinecarbonitrile. [JV-BOC
derivative data. UPLC: rt = 0.68 min, peak observed:
341 (M+l). C19H24N4O2 requires 340]. The crude was
dissolved in DCM ( 1 ml) and the resulting solution
cooled to 0 0C. TFA (0.20 ml) was added dropwise, the
reaction left under stirring for 1 h and then eluted
through a SCX column. Collected fractions gave the
title compound D21 (0.050 g) contaminated with 2-
amino-3-pyridinecarbonitrile. The material was used
without further purification in the next step. UPLC:
rt = 0.38 min, peak observed: 241 (M+l). C14H16N4
requires 240. Description 22:
5-fluoro-2-[(2S)-2-piperidinylmethyl]imidazo[l,2-
]pyridine (D22): To a solution of 1,1-dimethylethyl
(25)-2-(3-bromo-2-oxopropyl)-l-piperidinecarboxylate
D2 (0.1 1 g, 0.26 mmol) in DMF ( 1 ml) was added
6-fiuoro-2-pyridinamine (0.029 g, 0.26 mmol) and the
mixture was stirred at 80 0C for 2.5 h. The reaction
mixture was eluted through a SCX column. Collected
fractions gave 0.032 g of an oil containing a mixture
of the title compound, the corresponding N-Boc
protected derivative and some residual 6-
fluoro-2-pyridinamine. [W-Boc derivative data. LC-MS:
rt = 1.54 min, peak observed: 334 (M+l). C18H24FN3O2
requires 333]. The crude was dissolved in DCM (2.50
ml) and theresulting solution cooled to 0 0C. TFA
(0.50 ml) was added dropwise, the reaction left under
stirring for 1 h and then eluted through a SCX column.
Collected fractions gave the title compound D22 (0.020
g) contaminated with 6-fluoro-2-pyridinamine. The
material was used without further purification in the
next step. HPLC (walk-up): rt = 1.50 min. MS: (ES/+)
m/z: 234 (M+l). C13H16FN3 requires 233. Description
23: 1,1-dimethylethyl (2S)-2-(imidazo[l,2-
]pyridin-2-ylmethyl)-lpiperidinecarboxylate (D23): To
a solution of 1,1-dimethylethyl
(25)-2-(3-bromo-2-oxopropyl)-l-piperidinecarboxylate
D2 (0.269 g, 0.84 mmol) in DMF (2.50 ml) was added
2-pyridinamine (0.095 g, 1.008 mmol) and the mixture
was stirred at 60 0C for 2 h. The reaction mixture was
diluted with brine (5 ml) and extracted with EtOAc (2
x 5 ml). The combined organic layers were washed with
brine/ice (6 x 5 ml), dried (Na SO ) and the solvent
removed under reduced pressure. The residue was
purified by flash chromatography on silica gel
(Biotage SPl 12M, DCM/MeOH/TEA 98/2/0.5) to afford the
title compound D23 (0.13 g, 0.412 mmol, 49.1% yield).
UPLC: rt = 0.51 min, peak observed: 316 (M+l).
C18H25N3O2 requires 315. 1H NMR [the product is
present as a mixture of conformers (ratio ca. 85/15)
and the assignment refers to the major component] (400
MHz, CDCl3) d(ppm): 8.03 (dt, 1 H), 7.54 (d, 1 H),
7.37 - 7.44 (m, 1 H), 7.10 - 7.16 (m, 1 H), 6.73 (td,
1 H), 4.62 - 4.71 (m, 1 H), 4.00 - 4.1 1 (m, 1 H),
3.19 (dd, 1 H), 2.90 - 3.02 (m, 2 H), 1.62 - 1.76 (m,
6 H), 1.26 (bs, 9 H). Description 24:
1,1-dimethylethyl (2S)-2-[(3-iodoimidazo[l,2-
]pyridin-2-yl)methyl]-lpiperidinecarboxylate (D24): To
a solution of 1,1-dimethylethyl
2-(imidazo[l,2-a]pyridin-2-ylmethyl)-lpiperidinecarbox
ylate D23 (0.13 g, 0.412 mmol) in DCM (50 ml), I2 (13
ml of a 1M DCM solution, 13.00 mmol) was added
dropwise at room temperature and the resulting mixture
was stirred for 3 h. A 5% NaHSO3 aqueous solution (20
ml) was added, followed by KF (20 ml of a 1M MeOH
solution) and the mixture was vigorously stirred for
10 min. The organic phase was separated, dried
(Na2SO4), filtered and concentrated to give the title
compound D24 (0.172 g, 0.378 mmol, 92% yield). 1HNMR
(400 MHz, CDCl3) d(ppm): 8.12 (d, 1 H),7.66 (bd, 1 H),
7.27 - 7.33 (m, 1 H), 6.97 (t, 1 H), 4.67 - 4.75 (m, 1
H), 4.06 - 4.14 (m, 1 H), 3.19 (dd, 1 H), 3.13 (dd, 1
H), 2.99 (dd, 1 H), 1.63 - 1.78 (m, 6 H), 1.19 (bs, 9
H). Description 25:
3-iodo-2-[(2S)-2-piperidinylmethyl]imidazo[l,2-
]pyridine (D25): To a solution of 1,1-dimethylethyl
(2S)-2-[(3-iodoimidazo[l,2-a]pyridin-2-yl)methyl]-lpip
eridinecarboxylate D24 (0.020 g, 0.045 mmol) in DCM (
1 ml), TFA (0.20 ml) was added dropwise at 0 0C and
the solution was stirred for 1 h. Volatiles were
removed under reduced pressure and the residue was
eluted through a SCX column. Collected fractions gave
the title compound D25 (0.014 g, 0.041 mmol, 91%
yield) as a brown oil. UPLC: rt = 0.40 min, peak
observed: 342 (M+l). C13H16IN3 requires 341.
Description 26: 1,1-dimethylethyl
(2S)-2-[(3-methylimidazo[l,2- ]pyridin-2- yl)methyl]
-1-piperidinecarboxylate (D26): To a mixture of
1,1-dimethylethyl
(2S)-2-[(3-iodoimidazo[l,2-a]pyridin-2-yl)methyl]-lpip
eridinecarboxylate D24 (0.020 g, 0.045 mmol) and
palladiumtetrakis( 



triphenylphosphine) (0.00262 g, 0.002266 mmol) in DME
(0.36 ml) was added methylboronic acid (0.0047 g,
0.068 mmol) followed by the addition of NaOH (0.00363
g, 0.091 mmol) in water (0.18 ml). The resulting
mixture was stirred at 90 0C for 72 h. The reaction
mixture was poured into water (2 ml) and extracted
with DCM (3 x 2 ml). The organic phases were
collected, dried (Na SO ), filtered and the solvent
evaporated under vacuum. The yellow residue was
purified by flash chromatography on silica gel
(Biotage 25M, DCM/MeOH 99/1). Collected fractions gave
the title compound D26 (0.008 g, 0.024 mmol, 53.6%
yield). UPLC: rt = 0.55 min, peak observed: 330 (M+l).
C19H27N3O2 requires 329. Description 27:
3-methyl-2-[(2S)-2-piperidinylmethyl]imidazo[l,2-
]pyridine (D27):To a solution of 1,1-dimethylethyl
(2S)-2-[(3-methylimidazo[l,2-a]pyridin-2-yl)methyl]-lp
iperidinecarboxylate D26 (0.008 g, 0.024 mmol) in DCM
( 1 ml), TFA (0.20 ml) was added dropwise at 0 0C and
the solution was stirred for 1 h. Volatiles were
removed under reduced pressure and the residue eluted
through a SCX column. Collected fractions gave the
title compound D27 (0.005 g, 0.022 mmol, 90% yield).
HPLC (walk-up): rt = 1.62 min. MS: (ES/+) m/z: 230
(M+l). C14Hi9N3 requires 229. Description 28:
3-chloro-2-[(2S)-2-piperidinylmethyl]imidazo[l,2-fl]py
ridine (D28): 1,1-Dimethylethyl (2S)-2-(imidazo[
1,2-a]pyridin-2-ylmethyl)- 1-piperidinecarboxylate D23
(0.020 g, 0.063 mmol) was dissolved in DCM ( 1 ml) and
then NCS (0.009 g, 0.070 mmol) was added. The reaction
was stirred at room temperature for 2 h. The solvent
was removed under reduced pressure to give the N-Boc
protected compound [W-Boc derivative data. UPLC: rt =
0.66 min, peak observed: 350 (M+l). Ci8H24ClN3O2
requires 349]. The N-Boc derivative (0.063 mmol,
supposed quantitative yield) was dissolved in DCM ( 1
ml), TFA (0.50 ml) was added and the reaction stirred
for 2 h. Volatiles were removed under vacuum and the
resulting crude eluted through a SCX column. Collected
fractions gave the title compound D28 (0.015 g, 0.060
mmol, 95% yield from D23, two steps). UPLC: rt = 0.40
min, peaks observed: 250 (M+l, 100%) and 252 (M+l,
33%). Ci3Hi6ClN3 requires 249. Description 29:
1,1-dimethylethyl
(2S)-2-{[3-chloro-7-(trifluoromethyl)imidazo[l,2-
]pyridin-2-yl]methyl}-l-piperidinecarboxylate (D29):
To a solution of 1,1-dimethylethyl
(2S)-2-{[7-(trifluoromethyl)imidazo[l,2-a]pyridin-2-
yl]methyl}-l -piperidinecarboxylate D3 (0.090 g, 0.24
mmol) in DCM (3 ml) was added NCS (0.03 1 g, 0.24
mmol) and the reaction mixture was stirred at room
temperature for 3 h. The solvent was evaporated and
the residue was purified by flash chromatography on
silicagel (Biotage 12M, Cy/EtOAc from 100/0 to 70/30).
Collected fractions gave the title compound D29 (0.090
g, 0.22 mmol, 92% yield) as a white solid. UPLC: rt =
0.90 min, peaks observed: 418 (M+l, 100%) and 420
(M+1, 33%). C19H23ClF3N3O2 requires 417. Description
30:
3-chloro-2-[(2S)-2-piperidinylmethyl]-7-(trifluorometh
yl)imidazo[l,2- fl]pyridine (D30): To a solution of
1,1-dimethylethyl
(2S)-2-{[3-chloro-7-(trifluoromethyl)imidazo[l,2-
a]pyridin-2-yl]methyl}-l-piperidinecarboxylate D29
(0.090 g, 0.22 mmol) in dry DCM (1.50 ml), TFA (0.50
ml) was added and the reaction mixture was stirred at
room temperature for 1 h. The solvent was evaporated
and the residue eluted through a SCX column. Collected
fractions gave the title compound D30 (0.067 g, 0.21
mmol, 98% yield) as a colourless oil. UPLC: rt = 0.49
min, peaks observed: 318 (M+l, 100%) and 320 (M+l,
33%). Ci4H15ClF3N3 requires 317. Description 31:
3-fluoro-8-methyl-2-
[(2S)-2-piperidinylmethyl]imidazo[1,2- ]pyridine To a
solution of 1,1-dimethylethyl
(2S)-2-[(8-methylimidazo[l,2-a]pyridin-2-yl)methyl]-lp
iperidinecarboxylate DIl (0.165 g, 0.507 mmol) in
anhydrous acetonitrile (5 ml), Selectfluor(tm) (0.090
g, 0.253 mmol) was added at -30 0C. The resulting
reaction mixture was gradually warmed up to -20 0C and
left under stirring for 3 h. The mixture was then
diluted with DCM (10 ml) and washed with a 5% aqueous
NaHCO3 solution (2 x 12 ml). The organic layer was
separated through a phase separator tube and
evaporated. The residue was purified by flash
chromatography on silica gel (Biotage SP4 25M,
Cy/EtOAc 80/20). Collected fractions gave the N-Boc
protected compound (0.026 g of a slightly contaminated
material that was used without further purification in
the next step). [N-Boc derivative data: UPLC: rt =
0.63 min, peak observed: 348 (M+l). Ci9H26FN3O2
requires 347]. To a solution of the crude N-Boc
derivative (0.026 g, 0.075 mmol) in DCM ( 1 ml), TFA
(0.20 ml) was added at 0 0C and the reaction mixture
was stirred for 1 h. The solvent was evaporated and
the residue eluted through a SCX column. Collected
fractions gave the title compound D31 (0.014 g, 0.057
mmol, 12% yield from DIl, two steps) as a yellow oil.
UPLC: rt = 0.38 min, peak observed: 248 (M+l).
Ci4Hi8FN3 requires 247.Description 32:
1,1-dimethylethyl
(2S)-2-[(3-chloro-6-fluoroimidazo[l,2- ]pyridin-2-
yl)methyl] -1-piperidinecarboxylate (D32): To a
solution of 1,1-dimethylethyl
(2S)-2-(3-bromo-2-oxopropyl)-l -piperidinecarboxylate
D2 (0.1 1 g, 0.34 mmol) in DMF ( 1 ml),
5-fluoro-2-pyridinamine (0.058 g, 0.52 mmol) was added
and the reaction was stirred for 1.5 h at 80 0C. The
reaction was diluted with brine and a saturated NaHCO3
aqueous solution and extracted with EtOAc. The organic
layer was dried (Na SO ), filtered and evaporated. The
residue was dissolved in dry DCM (2 ml) and NCS (0.046
g, 0.34 mmol) was added. The reaction mixture was
stirred for 2 h at room temperature. The solvent was
evaporated and the residue purified by flash
chromatography on silica gel (Biotage 25M, Cy/EtOAc
from 100/0 to 50/50). Collected fractions gave the
title compound D32 (0.060 g, 0.16 mmol, 47% yield from
D2, two steps) as a pale yellow oil. UPLC: rt = 0.80
min, peaks observed: 368 (M+1, 100%) and 370 (M+l,
33%). C18H23ClFN3O2 requires 367. Description 33:
3-chloro-6-fluoro-2-[(2S)-2-piperidinylmethyl]imidazo[
l,2- ]pyridine (D33): To a solution of
1,1-dimethylethyl
(25)-2-[(3-chloro-6-fluoroimidazo[l,2- a]pyridin-2-
yl)methyl]-l -piperidinecarboxylate D32 (0.060 g, 0.16
mmol) in dry DCM (2 ml), TFA (0.50 ml) was added and
the reaction mixture stirred for 1 h at room
temperature. The solvent was evaporated and the
residue eluted through a SCX column. Collected
fractions gave the title compound D33 (0.043 g, 0.16
mmol, 98% yield) as a colourless oil. UPLC: rt = 0.45
min, peaks observed: 268 (M+l, 100%) and 270 (M+l,
33%). C13Hi5ClFN3 requires 267. Description 34:
3-(methyloxy)-2-pyridinamine (D34):To a stirred
solution of 3-(methyloxy)-2-nitropyridine (1.00 g,
6.49 mmol) in EtOH (13 ml), a 2 M HCl aqueous solution
( 1.34 ml, 2.68 mmol) and iron (2.44 g, 43.70 mmol)
were added at 0 0C. The resulting mixture was stirred
for 2.5 h at room temperature. Celite (2.40 g) was
added. The mixture was then filtered through a celite
pad and evaporated to give a dark oil that was eluted
through a SCX column. Collected fractions gave the
title compound D34 (0.50 g, 3.62 mmol, 56% yield) as a
dark green solid. 1H NMR (400 MHz, DMSO-J 6) d(ppm):
7.49 (dd, 1 H), 6.99 (d, 1 H), 6.49 (dd, 1 H), 5.57 -
5.63 (bs, 2 H), 3.76 (s, 3H). Description 35:
8-(methyloxy)-2-
[(2S)-2-piperidinylmethyl]imidazo[1,2- ]pyridine To a
solution of 1,1-dimethylethyl
(25)-2-(3-bromo-2-oxopropyl)-l-piperidinecarboxylate
D2 (0.12 g, 0.38 mmol) in DMF ( 1 ml),
3-(methyloxy)-2-pyridinamine D34 (0.056 g, 0.45 mmol)
was added and the mixture was stirred at 80 0C for 1
h. The crude was eluted through a SCX column.
Collected fractions gave a material containing the
desired N-Boc protected compound (0.080 g) slightly
contaminated with some residual 3-(methyloxy)-2-
pyridinamine. The material was used without further
purification in the next step. [N-Boc derivative data.
UPLC: rt = 0.56 min, peak observed: 346 (M+l).
C19H27N3O3 requires 345]. The crude containing the
N-Boc derivative (0.080 g) was dissolved in DCM ( 1
ml) and TFA ( 1 ml) was added at 0 0C. The reaction
mixture was left under stirring for 2 h and then
eluted through a SCX column. Collected fractions gave
the title compound D35 (0.055 g, 0.22 mmol, 58% yield
from D2, two steps) contaminated with some residual
3-(methyloxy)- 2-pyridinamine. UPLC: rt = 0.31 min,
peak observed: 246 (M+l). C14H19N3O requires 245.
Description 36: 1,1-dimethylethyl
(2S)-2-{[7-(methyloxy)imidazo[l,2- ]pyridin-2- yl]
methyl}- 1-piperidinecarboxylate (D36): To a solution
of 1,1-dimethylethyl (25)-2-(3-bromo-2-oxopropyl)-l
-piperidinecarboxylate D2 (0.30 g, 0.94 mmol) in DMF
(2 ml) was added 4-(methyloxy)-2-pyridinamine (0.12 g,
0.94 mmol) and the reaction was stirred for 3 h at 60
0C. DMF was removed under vacuum and the resulting
crude product purified by flash chromatography on
silica gel (Biotage 25M, EtOAc). Collected fraction
gave the title compound D36 (0.1 1 g, 0.30 mmol, 32%
yield). UPLC: rt = 0.55 min, peak observed: 346 (M+l).
C19H27N3O3 requires 345.Description 37:
3-chloro-7-(methyloxy)-2-[(2
S)-2-piperidinylmethyl]imidazo[l,2- fl]pyridine (D37):
1,1-dimethylethyl (2S)-2- {[7-(methyloxy)imidazo
[1,2-a]pyridin-2-yl]methyl} -1- piperidinecarboxylate
D36 (0.1 1 g, 0.30 mmol ) was dissolved in DCM ( 1
ml), then NCS (0.041 g, 0.30 mmol) was added and the
mixture stirred for 3 h. DCM ( 1 ml) was added and the
organic phase washed with a saturated NaHCO3 aqueous
solution ( 1 ml). The biphasic system was filtered
through a phase separator tube and the organic phase
concentrated to give 0.023 g of a crude material
containing the intermediate N-Boc protected compound.
[N-Boc derivative data: UPLC: rt = 0.62 min, peaks
observed: 380 (M+1, 100%) and 382 



(M+l , 33%). C19H26ClN3O3 requires 379]. The material
was dissolved in DCM ( 1 ml), then TFA (0.003 ml) was
added and the reaction mixture stirred at room
temperature for 1.5 h. Volatiles were removed and the
residue eluted through a SCX column. Collected
fractions gave 0.017 g of an impure material
containing the title compound D37. The material was
used without further purification in the next step.
UPLC: rt = 0.39 min, peak observed: 280 (M+l).
Ci4H18ClN3O requires 279. Description 38:
2-chloro-5-fluoro-3-methylpyridine (D38): To a -20 0C
cooled solution of
(2-chloro-5-fiuoro-3-pyridinyl)methanol (3.086 g,
19.10 mmol) and TEA (5.32 ml, 38.20 mmol) in anhydrous
DCM (180 ml), MsCl (2.233 ml, 28.70 mmol) was added
dropwise and the resulting reaction mixture stirred at
0 0C for 30 min. Volatiles were evaporated under
reduced pressure to afford the desired mesylate (4.53
g) that was used in the next step without further
purification. [Mesylate data: UPLC: rt = 0.57 min,
peaks observed: 240 (M+l, 100%) and 242 (M+l, 33%).
C7H7ClFNO3S requires 239]. To an ice-cooled mixture of
the crude mesylate (4.53 g, 18.90 mmol) in THF (180
ml), LAH (18.90 ml of a 1.0 M solution in THF, 18.90
mmol) was added dropwise and the reaction was stirred
for 1 h. A 2 M HCl aqueous solution (80 ml) was added,
the resulting mixture stirred for 30 min and then DCM
(400 ml) was added. The organic layer was separated
and evaporated to give the title compound D38 (2.28 g,
12.84 mmol, 67.9% yield from
(2-chloro-5-fluoro-3-pyridinyl)methanol, two steps) as
a white solid. HPLC (walk-up): rt = 3.56 min. 1HNMR
(400 MHz, DMSO-J 6) d(ppm): 8.31 (d, 1 H), 7.86 (dd,
IH), 2.35 (s, 3H).Description 39:
5-fluoro-3-methyl-2-pyridinamine (D39): To a solution
of 2-chloro-5-fluoro-3-methylpyridine D38 (0.50 g,
2.82 mmol) in dry toluene (12.5 ml) were added sodium
-butoxyde (0.462 g, 4.81 mmol), Pd2(dba)3 (0.315 g,
0.344 mmol), BINAP (0.642 g, 1.031 mmol) and
benzophenone imine (0.692 ml, 4.12 mmol). The
resulting mixture was degassed (3 x pump/N 2) and then
heated to 80 0C. After 1 h stirring, the mixture was
cooled down to room temperature, diluted with Et2O
(400 ml) and filtered through a celite pad. Volatiles
were evaporated, the resulting oil was dissolved in
THF (34 ml) and HCl (1.408 ml of a 2 M aqueous
solution, 2.82 mmol) was added. The mixture was
stirred at room temperature for 1.5 h, then
neutralized with a saturated NaHCO aqueous solution
and diluted with DCM (200 ml). The inorganic layer was
backextracted with DCM (2 x 50 ml). The collected
organic layers were dried (Na2SO ), filtered and
evaporated. The residue was purified by flash
chromatography on silica gel (Biotage SP4 12M,
Cy/EtOAc 60/40). Collected fractions gave the title
compound D39 (0.20 g, 1.554 mmol, 55.2% yield from
D38, two steps), as an orange solid. MS: (ES/+) m/z:
127 (M+l). C6H7FN2 requires 126. 1H NMR (400 MHz,
DMSO-J 6) d(ppm): 7.73 (d, 1 H), 7.23 (dd, 1 H), 5.60
(bs, 2 H), 2.04 (s, 3 H). Description 40a:
6-fluoro-8-methyl-2-[(2S)-2-piperidinylmethyl]imidazo[
l,2- ]pyridine (free base) (D40a): To a solution of
1,1-dimethylethyl
(25)-2-(3-bromo-2-oxopropyl)-l-piperidinecarboxylate
D2 (0. 15 g, 0.468 mmol) in DMF ( 1 ml) was added
5-fluoro-3-methyl-2-pyridinamine D39 (0.0709 g, 0.562
mmol) and the mixture was stirred at 80 0C for 1 h.
The reaction mixture was eluted through a SCX column.
Collected fractions gave 0.137 g of an oil containing
a mixture of the title compound, the corresponding
N-Boc protected derivative and some residual
5-fluoro-3-methyl-2-pyridinamine. [JV-BOC derivative
data. UPLC: rt = 0.56 min, peak observed: 348 (M+l).
C19H26FN3O2 requires 347]. The crude was dissolved in
DCM (2 ml) and the resulting solution cooled to 0 0C.
TFA (0.40 ml) was added dropwise, the reaction left
under stirring for 1 h and then eluted through a SCX
column. Collected fractions gave the title compound as
a free base D40a (0.093 g) contaminated with 5-fluoro-
3-methyl-2-pyridinamine. The material was used without
further purification in the next step. UPLC: rt = 0.35
min, peak observed: 248 (M+l). C14H18FN3 requires
247.Description 40b:
6-fluoro-8-methyl-2-[(2S)-2-piperidinylmethyl]imidazo[
l,2- fl]pyridine (2 HCl salt) (D40b): 2 HCI A mixture
of 1,1-dimethylethyl (2S)-2-(3-bromo-2-oxopropyl)-
1-piperidinecarboxylate D2 (0.94 g, 2.93 mmol;
prepared by the method of D2 preparation (iii)),
5-fluoro-3-methyl-2- pyridinamine D39 (0.41 g, 3.25
mmol) and NaHCO3 (0.37 g, 4.40 mmol) in toluene (4.70
ml) was stirred at 90 0C overnight. The mixture was
allowed to cool down to room temperature and the
inorganic salts were removed by filtration. The solid
cake was washed with toluene (2 x 0.94 ml). HCl (5-6 N
solution in IPA, 2.22 ml, 11.10-13.32 mmol) was added
to 5.18 g of the toluene solution (filtrate, 5.46 g)
of the free base D40a. The mixture was heated to 70 0C
and the resulting slurry stirred at that temperature
under nitrogen atmosphere for 1 h. The slurry was aged
at 70 0C for 1 h, cooled down to 40 0C over 2 h,
allowed to reach room temperature and then stirred at
that temperature overnight. The slurry was cooled down
to 0 0C and aged at that temperature for 1 h. The
solid was collected by filtration, washed with IPA (2
x 1.9 ml) and dried under vacuo at 40 0C for 4 h to
afford the title compound D40b (0.53 g, 1.75 mmol, 59%
yield). 1HNMR (600 MHz, DMSO-J 6) d(ppm): 15.18 (bs, 1
H), 9.21 (bs, 1 H), 9.07 (bs, 1 H), 8.99 (s, 1 H),
8.14 (s, 1 H), 7.83 (bs, 1 H), 3.15 - 3.65 (m, 4 H),
2.61 (s, 3 H), 1.85 (d, 1 H), 1.69 - 1.79 (m, 2 H)
1.48 - 1.67 (m, 2 H), 1.38 - 1.48 (m, 1 H). HPLC
(walk-up, 3 min method): rt = 1.28 min. Description
41: 2-chloro-3-ethenyl-5-fluoropyridine (D41) To a
suspension of methyltriphenylphosphonium bromide (0.68
g, 1.92 mmol) in anhydrous THF (20 ml), /?-BuLi ( 1.06
ml of a 1.6 M solution in Cy, 1.69 mmol) was added
under nitrogen at -78 0C. The cold bath was then
removed and the reaction was allowed to reach room
temperature and stirred for 1 h. To the resulting
suspension at 0 0C, a solution of
2-chloro-5-fluoro-3-pyridinecarbaldehyde (0.18 g, 1.13
mmol) dissolved in THF (10 ml) was slowly added.
Stirring was maintained at room temperature for 4 h.
The reaction was quenched with water (8 ml), the two
phases were separated and the aqueous layer
back-extracted with DCM. The organic phase was dried
(Na SO ) and the solvent was removed under reduced
pressure. Purification by flash chromatography on
silica gel (Cy/EtOAc 95/5) gave the title compound D41
(0.05 g, 0.27 mmol, 24% yield). UPLC: rt = 0.70 min,
peaks observed: 158 (M+ 1, 100%) and 160 (M+l, 33%).
C7H5ClFN requires 157. 1H NMR (400 MHz, CDCl3) d(ppm):
8.20 (d, 1 H), 7.62 (dd, 1 H), 7.01 (ddd, 1 H), 5.83
(d, 1 H), 5.59 (d, IH).Description 42:
3-ethenyl-5-fluoro-2-pyridinamine (D42) To a solution
of 2-chloro-3-ethenyl-5-fluoropyridine D41 (0.045 g,
0.29 mmol) in toluene (2 ml), sodium -butoxide (0.039
g, 0.40 mmol), Pd2(dba) 3 (0.026 g, 0.03 mmol), BINAP
(0.054 g, 0.09 mmol) and benzophenone imine (0.06 ml,
0.35 mmol) were added. The resulting mixture was
degassed (3 x pump/N 2) and then heated to 80 0C.
After 1 h stirring, the mixture was cooled to room
temperature, diluted with Et2O (50 ml) and filtered
through a celite pad. After solvent evaporation the
resulting oil was dissolved in THF (10 ml), a 2 M HCl
aqueous solution (0.22 ml, 0.43 mmol) was added and
the mixture stirred at room temperature for 2 h.
Volatiles were evaporated. A saturated NaHCO aqueous
solution and DCM (50 ml) were added to the residue.
The two layers were separated and the aqueous layer
was back-extracted with DCM (2 x 50 ml). The collected
organic layers were filtered through a phase separator
tube and evaporated. The crude oil was purified by
flash chromatography on silica gel (Biotage SPl 4OM,
Cy/EtOAc 60/40). Collected fractions gave the title
compound D42 (0.013 g, 0.10 mmol, 34% yield from D41,
two steps). UPLC: rt = 0.35 min, peak observed: 139
(M+l). C7H7FN2 requires 138. 1HNMR (400 MHz, CDCl 3)
d(ppm): 7.90 (d, 1 H), 7.32 (dd, 1 H), 6.62 (dd, 1 H),
5.71 (dd, 1 H), 5.48 (dd, IH), 4.44 (bs, 2H).
Description 43:
8-ethenyl-6-fluoro-2-[(2S)-2-piperidinylmethyl]imidazo
[l,2- ]pyridine To a solution of
3-ethenyl-5-fluoro-2-pyridinamine D42 (0.013 g, 0.10
mmol) in DMF ( 1 ml), 1,1-dimethylethyl
(2S)-2-(3-bromo-2-oxopropyl)-l-piperidinecarboxylate
D2 (0.040 g, 0.13 mmol) was added and the reaction
mixture left under stirring at 60 0C for 1 h and then
at 80 0C for 4 h. The solvent was removed under vacuum
and the crude eluted through a SCX column. The
collected fractions gave a crude (0.022 g) containing
the title compound and the corresponding N-Boc
protected derivative. The material was used in the
next step without further purification. [TV-Boc
derivative data. UPLC: rt = 0.63 min, peak observed:
360 (M+l). C20H26FN3O2 requires 359]. The crude (0.022
g) was dissolved in DCM ( 1.50 ml) and TFA (0.38 ml)
was added at 0 0C. The reaction was left under
stirring for 1 h, then volatiles were removed under
vacuum and the residue eluted through a SCX column.
Collected fractions gave the title compound D43 (0.016
g, 0.051 mmol,51% yield from D42, two steps). UPLC: rt
= 0.42 min, peak observed: 260 (M+1). C15H18FN3
requires 259. Description 44:
3-ethyl-5-fluoro-2-pyridinamine (D44) A mixture of
3-ethenyl-5-fluoro-2-pyridinamine D42 (0.23 g, 1.64
mmol) and PtO (0.037 g, 0.16 mmol) in EtOH (15 ml) was
stirred under hydrogen atmosphere ( 1 atm) for 15 min.
The mixture was filtered through a celite pad and the
solvent removed under 



vacuum to give the title compound D44 (0.21 g, 1.39
mmol, 84% yield) as a brown solid. UPLC: rt = 0.34
min, peak observed: 141 (M+l). C7H9FN2 requires 140.
1HNMR (400 MHz, CDCl3) d(ppm): 7.82 (d, 1 H), 7.12
(dd, 1 H), 4.33 (bs, 2 H), 2.46 (q, 2 H), 1.28 (t, 3
H). Description 45:
8-ethyl-6-fluoro-2-[(2S)-2-piperidinylmethyl]imidazo[l
,2- ]pyridine To a solution of
3-ethyl-5-fluoro-2-pyridinamine D44 (0.044 g, 0.31
mmol) in DMF (2 ml), 1,1-dimethylethyl
(2S)-2-(3-bromo-2-oxopropyl)-l-piperidinecarboxylate
D2 (0.10 g, 0.3 1 mmol) was added and the resulting
mixture was left under stirring at 80 0C for 4 h. The
solvent was removed under vacuum and the crude oil
purified by flash chromatography on silica gel
(DCM/MeOH from 100/0 to 98/2). Collected fractions
gave a crude that was eluted through a SCX column to
give, after solvent removal, a crude oil (0.071 g)
containing the title compound and the corresponding
iV-Boc protected derivative. The material was used in
the next step without further purification. [iV-Boc
derivative data. UPLC: rt = 0.61 min, peak observed:
362 (M+l). C2OH 2 FN O2 requires 361]. The crude
(0.071 g) was dissolved in DCM ( 1.50 ml) and TFA
(0.38 ml) was added at 0 0C. The reaction was left
under stirring for 1 h, then volatiles were removed
under vacuum and the residue eluted through a SCX
column. Collected fractions gave the title compound
D45 (0.050 g, 0.18 mmol, 58% yield from D2, two
steps). HPLC (walk-up): rt = 2.41 min. UPLC: rt = 0.36
min, peak observed: 262 (M+l). C15H20FN3 requires 261.
Description 46: 6-chloro-5-(methyloxy)-3-pyridinamine
(D46)To a stirred solution of
2-chloro-3-(methyloxy)-5-nitropyridine (3.00 g, 15.90
mmol) in EtOAc (75 ml) was added SnCl2 dihydrate
(21.54 g, 95.00 mmol) and the resulting mixture was
stirred at room temperature for 1 h. The reaction
mixture was quenched with aqueous NaOH and extracted
with EtOAc (5 x 75 ml). The collected organic layers
were washed with water (3 x 75 ml), dried (Na2SO ),
filtered and evaporated under reduced pressure to give
the title compound D46 (2.34 g, 14.80 mmol, 93% yield)
as a brown solid. UPLC: rt = 0.43 min, peaks observed:
159 (M+1, 100%) and 161 (M+l, 33%). C6H7ClN2O requires
158. 1HNMR (400 MHz, DMSO-J 6) d(ppm): 7.29 (d, 1 H),
6.71 (d, 1 H), 5.50 (bs, 2 H), 3.77 (s, 3 H).
Description 47:
2-chloro-5-fluoro-3-(methyloxy)pyridine (D47) To an
ice-cooled suspension of
6-chloro-5-(methyloxy)-3-pyridinamine D46 (2.14 g,
13.50 mmol) in HCl 4 M in water (10.12 ml, 40.50
mmol), a solution of sodium nitrite ( 1.02 g, 14.84
mmol) in water (7 ml) was added dropwise over a 5 min
period and the resulting mixture was vigorously
stirred at 5 0C for 30 min. To the mixture at 5 0C was
added a solution OfNaBF 4 (2.67 g, 24.29 mmol) in
water (17 ml). The thick suspension was collected by
filtration, washed with cold water and a little amount
of cold EtOH and dried under reduced pressure at 55 0C
for 8 h. The resulting black solid was taken-up in
xylenes (25 ml) and allowed to reflux for 1 h. The
solvent was evaporated under reduced pressure, the
residue dissolved in EtOAc and washed with a saturated
NaHCO aqueous solution. The organic phase was
separated, dried (Na2SO4), filtered and the solvent
removed under vacuum. The resulting black oil was
purified by flash chromatography on silica gel
(Biotage SP4 25M, Cy/EtOAc 95/5) to afford the title
compound D47 (0. 11 g, 0.69 mmol, 5% yield) as a pale
yellow solid. 1HNMR (400 MHz, DMSO-J 6) d(ppm): 8.03
(d, 1 H), 7.70 (dd, 1 H), 3.92 (s, 3 H). Description
48: 5-fluoro-3-(methyloxy)-2-pyridinamine (D48)To a
solution of 2-chloro-5-fluoro-3-(methyloxy)pyridine
D47 (0.1 1 g, 0.70 mmol) in dry toluene (3 ml), sodium
-butoxide (0.094 g, 0.98 mmol), Pd2(dba) 3 (0.064 g,
0.07 mmol), BINAP (0.131 g, 0.21 mmol) and
benzophenone imine (0.14 ml, 0.84 mmol) were added.
The resulting mixture was degassed (3 x pump/N 2) and
then heated to 80 0C. After 1 h stirring, the mixture
was cooled down to room temperature, diluted with Et2O
(80 ml) and filtered through a celite pad. Volatiles
were evaporated, the resulting oil was dissolved in
THF (8 ml) and HCl (0.35 ml of a 2 M aqueous solution,
0.70 mmol) was added. The mixture was stirred at room
temperature for 1.5 h, then neutralized with a
saturated NaHCO aqueous solution and diluted with DCM
(40 ml). The phases were separated and the aqueous one
back-extracted with DCM (2 x 10 ml). The collected
organic layers were dried (Na2SO ), filtered and
evaporated. The residue was purified by flash
chromatography on silica gel (Biotage SP4 12M,
Cy/EtOAc 60/40) to give the title compound D48 (0.071
g, 0.49 mmol, 70% yield from D47, two steps) as a
yellow solid. UPLC: rt = 0.28 min, peak observed: 143
(M+l). C6H7FN2O requires 142. Description 49:
6-fluoro-8-(methyloxy)-2-[(2S)-2-piperidinylmethyl]imi
dazo[l,2- fl]pyridine (D49): To a solution of
1,1-dimethylethyl (2S)-2-(3-bromo-2-oxopropyl)-
1-piperidinecarboxylate D2 (0.19 g, 0.60 mmol) in DMF
( 1 ml), 5-fluoro-3-(methyloxy)-2-pyridinamine D48
(0.071 g, 0.50 mmol) was added and the mixture stirred
at 80 0C for 2 h. The reaction mixture was eluted
through a SCX column. Collected fractions gave 0.14 g
of a crude oil containing a mixture of the title
compound, the corresponding iV-Boc protected
derivative and some residual
5-fluoro-3-(methyloxy)-2-pyridinamine. The material
was used in the next step without further
purification. [TV-Boc derivative data. MS: (ES/+) m/z:
364 (M+l). C19H26FN3O3 requires 363]. The crude (0.14
g) was dissolved in DCM (2 ml) and TFA (0.40 ml) was
added at 0 0C. The reaction was left under stirring
for 1 h, then volatiles were removed under vacuum and
the residue eluted through a SCX column. Collected
fractions gave an oil (0.13 g) containing the title
compound D49. The material was used in the next step
without further purification. UPLC: rt = 0.33 min,
peak observed: 264 (M+l). C14H1 FN3O requires 263.
Description 50:
3-({[(l,l-dimethylethyl)(dimethyl)silyl]oxy}methyl)-5-
fluoro-2- pyridinamine
(D50)2-chloro-(5-fluoro-3-pyridinyl)methanol (0.40 g,
2.45 mmol) was dissolved in DMF (10 ml), then
imidazole (0.50 g, 7.36 mmol) and TBSCl (0.41 g, 2.70
mmol) were added and the reaction left under stirring
at room temperature. After 2 h an additional
equivalent of TBSCl was added and the solution stirred
overnight. The mixture was diluted with Et O and
washed with water and brine. The organic phase was
dried (Na2SO ) and concentrated to give the O-TBS
protected chloro pyridine as a crude (0.73 g). The
material was used in the next step without further
purification. [O-TBS derivative data. 1H NMR (400 MHz,
CDCl3) d(ppm): 8.17 (dt, 1 H), 7.66 - 7.71 (m, 1 H),
4.73 (s, 2 H), 1.00 (s, 9 H), 0.18 (s, 6 H)]. To a
solution of the crude material (0.73 g) in dry toluene
(10 ml), sodium -butoxide (0.36 g, 3.73 mmol),
Pd2(dba)3 (0.24 g, 0.27 mmol), BINAP (0.50 g, 0.80
mmol) and benzophenone imine (0.54 ml, 3.19 mmol) were
added. The resulting mixture was degassed (3 x pump/N
2) and then heated at 80 0C for 1 h. The mixture was
cooled down to room temperature, diluted with Et2O
(100 ml), filtered through a celite pad and the
solvents removed under reduced pressure to give a
crude oil. The material was dissolved in THF (80 ml),
a 2 M HCl aqueous solution (2.66 ml, 5.32 mmol) was
added and the mixture stirred at room temperature for
30 min. Volatiles were evaporated. A saturated NaHCO
aqueous solution and DCM (300 ml) were added. The two
layers were separated and the aqueous one
back-extracted with DCM (3 x 200 ml). The combined
organic phases were filtered through a phase separator
tube and evaporated. The red oil obtained was purified
by flash chromatography on silica gel (Biotage SPl
4OM, Cy/EtOAc 90/10). Collected fractions gave the
title compound D50 (0.29 g, 1.14 mmol, 46% yield from
2- chloro-(5-fiuoro-3-pyridinyl)methanol, three
steps). 1H NMR (400 MHz, CDCl3) d(ppm): 7.89 (d, 1 H),
7.15 (dd, 1 H), 4.76 (bs, 2 H), 4.59 (s, 2 H), 0.93
(s, 9 H), 0.12 (s, 6 H). Description 51: {6-fluoro-2-
[(2S)-2-piperidinylmethyl] imidazo [1,2- ]pyridin-8-
yl}methanol (D51): To a solution of 1,1-dimethylethyl
(2S)-2-(3-bromo-2-oxopropyl)-l-piperidinecarboxylate
D2 (0.10 g, 0.31 mmol) in DMF (2.50 ml),
3-({[(l,ldimethylethyl)(
dimethyl)silyl]oxy}methyl)-5-fluoro-2-pyridinamine D50
(0.088 g, 0.34 mmol) was added and the reaction left
under stirring at 70 0C for 2 h. The solvent was
removed under vacuum and the residue eluted through a
SCX column. Collected fractions gave a crude (0.067 g)
containing a mixture of the title compound and the
corresponding JV-BOC protected derivative. The
material was used in the next step without further
purification. [iV-Boc derivative data. UPLC: rt = 0.56
min, peak observed: 364 (M+l).Ci9H26FN3q 3requires
363]. The crude (0.067 g) was dissolved in DCM (5 ml)
and TFA ( 1 ml) was added dropwise at 0 0C. The
reaction was left under stirring at room temperature
for 1 h, then volatiles were removed under vacuum and
the residue eluted through a SCX column. Collected
fractions gave the title compound D51 (0.060 g, 0.19
mmol, 61% yield from D2, two steps) contaminated with
some residual (2-amino-5- fluoro-3 -pyridinyl)methanol
. UPLC: rt = 0.31 min, peak observed: 264 (M+l).
C14H18FN3O requires 263. Description 52:
5-fluoro-3-[(methyloxy)methyl]-2-pyridinamine (D52) To
a solution of (2-chloro-5-fluoro-3-pyridinyl)methanol
(1.10 g, 6.81 mmol) in THF (15 ml), NaH (0.41 g of a
60% wt mineral oil dispersion, 10.21 mmol) was added
portionwise 



at 0 0C and the resulting mixture was left under
stirring at room temperature for 45 min. The mixture
was cooled down to 0 0C and methyl iodide (0.47 ml,
7.49 mmol) was added dropwise. After 4h stirring at
room temperature the mixture was diluted with EtOAc
and washed with a 0.5 M NaOH aqueous solution. The two
phases were separated and the organic one dried (Na
SO4), filtered and the solvent removed under vacuum to
give the intermediate
2-chloro-5-fluoro-3-[(methyloxy)methyl]pyridine as a
crude yellow oil (1.24 g) that was used in the next
step without further purification. [Chloropyridine
data. UPLC: rt = 0.65 min, peaks observed: 176 (M+l,
100%) and 178 (M+l, 33%). C7H7ClFNO requires 175]. 1H
NMR (400 MHz, DMSO-J 6) d(ppm): 8.42 (d, 1 H), 7.82
(dd, 1 H), 4.49 (s, 2 H), 3.42 (s, 3 H)]. The crude
material ( 1.24 g) was dissolved in dry toluene (17
ml) and sodium -butoxide (0.95 g, 9.89 mmol), Pd2(dba)
3 (0.65 g, 0.71 mmol), BINAP (1.32 g, 2.12 mmol) and
benzophenone imine (1.42 ml, 8.47 mmol) were added.
The resulting mixture was degassed (3 x pump/N 2) and
then heated to 80 0C for 1 h. The mixture was cooled
to room temperature, diluted with Et2O (800 ml),
filtered through a celite pad and the solvents removed
under reduced pressure. The crude oil was dissolved in
THF (70 ml), a 2 M HCl aqueous solution (3.53 ml, 7.06
mmol) was added and the mixture stirred at room
temperature overnight. Volatiles were evaporated. A
saturated NaHCO 3 aqueous solution and DCM (300 ml)
were added. The two layers were separated and the
aqueous one was back-extracted with DCM (2 x 200 ml).
The combined organic phases were filtered through a
phase separator tube and evaporated to give a red oil
that was purified by flash chromatography on silica
gel (Biotage SPl 4OM, Cy/EtOAc 60/40). Collected
fractions gave the title compound D52 (0.72 g, 4.58
mmol, 67% yield from (2-chloro-5-
fluoro-3-pyridinyl)methanol, three steps). HPLC
(walk-up): rt = 0.92 min. UPLC: rt = 0.33 min, peak
observed: 157 (M+l). C7H9FN2O requires 156. 1H NMR
(400 MHz, DMSO-J 6) d(ppm): 7.85 (d, 1 H), 7.33 (dd, 1
H), 5.66 (bs, 2 H), 4.27 (s, 2 H), 3.31 (s, 3
H).Description 53:
6-fluoro-8-[(methyloxy)methyl]-2-[(2 S)-2-
piperidinylmethyl] imidazo [1,2- ]pyridine (D53): To a
solution of 1,1-dimethylethyl
(2S)-2-(3-bromo-2-oxopropyl)- 1-piperidinecarboxylate
D2 (0.13 g, 0.42 mmol) in DMF (1.50 ml),
5-fluoro-3-[(methyloxy)methyl]-2- pyridinamine D52
(0.078 g, 0.50 mmol) was added. The reaction was left
under stirring at 60 0C for 1.5 h and at 80 0C for an
additional 1.5 h. DCM was added and the mixture washed
with brine and water. The two phases were separated
and the organic one was filtered through a phase
separator tube. The solvent was removed under vacuum
and the residue eluted through a SCX column to give a
crude (0.13 g) containing a mixture of the title
compound, the corresponding JV-Boc protected
derivative and some residual 5-fluoro-
3-[(methyloxy)methyl]-2-pyridinamine. The material was
used in the next step without further purification.
[iV-Boc derivative data. UPLC: rt = 0.58 min, peak
observed: 378 (M+l). C20H28FN3O3 requires 377]. The
crude (0.13 g) was dissolved in DCM (8 ml) and TFA (2
ml) was added dropwise at 0 0C. The reaction was left
under stirring at room temperature for 2 h, the
solvent was removed under vacuum and the residue
eluted through a SCX column. Collected fractions gave
the title compound D53 contaminated with some residual
5-fluoro-3-[(methyloxy)methyl]-2-pyridinamine (0.10 g,
0.34 mmol, 81% yield from D2, two steps). HPLC
(walk-up): rt = 1.92 min. UPLC: rt = 0.37 min, peak
observed: 278 (M+l). C15H20FN3O requires 277.
Description 54: 3-chloro-2-pyridinamine (D54) To a
stirred solution of 3-chloro-2-nitropyridine (1.00 g,
6.31 mmol) in EtOH (13 ml) were added a 2 M HCl
aqueous solution (1.30 ml, 2.60 mmol) and iron (2.37
g, 42.4 mmol) at 0 0C. The resulting mixture was
stirred for 2.5 h at room temperature. Celite (2.40 g)
was added. The mixture was filtered over a celite pad
and evaporated to give a dark oil that was purified by
elution through a SCX cartridge. The title compound
D54 (0.34 g, 2.59 mmol, 41% yield) was obtained as a
dark solid. UPLC: rt = 0.27 min, peaks observed: 129
(M+l, 100%) and 131 (M+l, 33%). C5H5ClN2 requires 128.
Description 55:
8-chloro-2-[(2S)-2-piperidinylmethyl]imidazo[l,2-
]pyridine (D55):To a solution of 1,1-dimethylethyl
(2S)-2-(3-bromo-2-oxopropyl)- 1-piperidinecarboxylate
D2 (0.15 g, 0.47 mmol) in DMF ( 1 ml) was added
3-chloro-2-pyridinamine D54 (0.072 g, 0.56 mmol) and
the mixture was stirred at 80 0C for 1 h. The reaction
mixture was purified via elution through a SCX
cartridge. Collected fractions gave a crude (0.13 g)
containing a mixture of the title compound, the
corresponding iV-Boc protected derivative and some
residual 3-chloro-2-pyridinamine. The material was
used in the next step without further purification.
[iV-Boc derivative data. UPLC: rt = 0.57 min, peaks
observed: 350 (M+1, 100%) and 352 (M+l, 33%).
C18H24ClN3O2 requires 349]. The crude material (0.13
g) was dissolved in DCM (2 ml) and TFA (0.40 ml) was
added dropwise at 0 0C. The solution was left under
stirring for 1 h, then volatiles were removed under
reduced pressure and the residue purified by elution
through a SCX cartridge. Collected fractions gave the
title compound D55 (0.088 g) as a brown oil
contaminated with 3-chloro-2- pyridinamine. The
material was used in the next step without further
purification. UPLC: rt = 0.37 min, peaks observed: 250
(M+l, 100%) and 252 (M+l, 33%). C13Hi6ClN3 requires
249. Description 56:
3-[(2,2,2-trifluoroethyl)oxy]-2-pyridinamine (D56) 3C
To a stirred solution of 2-amino-3-pyridinol (1.00 g,
9.08 mmol) in DMF (8 ml), NaH (0.40 g of a 60% wt
mineral oil dispersion, 9.99 mmol) and
l,l,l-trifluoro-2-iodoethane (2.69 ml, 27.2 mmol) were
added. The resulting mixture was stirred at 55 0C
overnight. The solvent was evaporated under reduced
pressure and the resulting black oil was takenup in
DCM (300 ml) and washed with water/brine ( 1 1). The
aqueous phase was backextracted with DCM (3 x 300 ml).
The collected organic phases were concentrated under
vacuum, washed with brine (2 x 15 ml), separated in a
phase separator tube and evaporated to give the title
compound D56 (1.40 g, 5.83 mmol, 64% yield) as a brown
solid. UPLC: rt = 0.35 min, peak observed: 193 (M+l).
C7H7F3N2O requires 192. Description 57:
2-[(2S)-2-piperidinylmethyl]-8-[(2,2,2-trifluoroethyl)
oxy]imidazo[l,2- fl]pyridine (D57):To a solution of
1,1-dimethylethyl (2S)-2-(3-bromo-2-oxopropyl)-
1-piperidinecarboxylate D2 (0.15 g, 0.47 mmol) in DMF
( 1 ml) was added 3-[(2,2,2-trifluoroethyl)oxy]-2-
pyridinamine D56 (0.1 1 g, 0.56 mmol) and the mixture
was stirred at 80 0C for 1 h. The reaction mixture was
purified via elution through a SCX cartridge.
Collected fractions gave a crude (0.13 g) containing a
mixture of the title compound, the corresponding NBoc
protected derivative and some residual
3-[(2,2,2-trifluoroethyl)oxy]-2-pyridinamine. The
material was used in the next step without further
purification. [TV-Boc derivative data. UPLC: rt = 0.62
min, peak observed: 414 (M+l). C20H26F3N3O3 requires
413]. The crude material (0.13 g) was dissolved in DCM
(2 ml) and TFA (0.40 ml) was added dropwise at 0 0C.
The mixture was stirred for 1 h, volatiles were
removed under reduced pressure and the residue
purified by elution through a SCX cartridge. Collected
fractions gave the title compound D57 (0.096 g, 0.31
mmol, 65% yield from D2, two steps) contaminated with
some residual
3-[(2,2,2-trifluoroethyl)oxy]-2-pyridinamine as a
brown oil. UPLC: rt = 0.38 min, peak observed: 314
(M+l). C15H18F3N3O requires 313. Description 58:
8-fluoro-2-[(2S)-2-piperidinylmethyl]imidazo[l,2-
]pyridine (HCl salt) (D58) H 1,1-dimethylethyl
(25)-2-[(8-fiuoroimidazo[ 1,2-a]pyridin-2-yl)methyl]-
1- piperidinecarboxylate D19 (23.56 g, 70.70 mmol) was
dissolved in DCM (35 ml) and the resulting solution
cooled to 10 0C under Argon atmosphere. A 4 M HCl
solution in 1,4- dioxane (148 ml, 594 mmol) was added
dropwise, the reaction allowed to warm-up to room
temperature and left under stirring for 2.15 h.
Volatiles were removed under vacuo and the residue
triturated with Et2O (2 x 250 ml) to give the title
compound D58 (23.796 g) as a white solid. The material
contained some residual 1,4-dioxane and
3-fluoro-2-pyridinamine (the overall recovered amount
was higher than the theoretical amount) and was used
in the next step without further purification. UPLC:
rt = 0.33 min, peak observed: 234 (M+1-HC1).
Ci3H17FClN 3 requires 269. Description 59:
1,1-dimethylethyl (2S)-2-[(8-fluoro-3-iodoimidazo[l,2-
]pyridin-2- yl)methyl]-l-piperidinecarboxylate (D59)To
a solution of 1,1-dimethylethyl
(25)-2-[(8-fluoroimidazo[
1,2-a]pyridin-2-yl)methyl]-1- piperidinecarboxylate
D19 (0.25 g, 0.75 mmol) in DCM (80 ml), I2 (23.60 ml
of a 1M DCM solution, 23.60 mmol) was added dropwise
at room temperature and the resulting mixture was
stirred for 3 h.A 5% NaHSCb aqueous solution (20 ml)
was added and the mixture vigorously stirred for 10
min. The organic phase was separated, dried (Na2SO ),
filtered and concentrated to give a yellow solid that
was purified on NH by flash chromatography (Biotage
SP4 25M, from Cy 100 to Cy/EtOAc 70/30). Collected
fractions gave the title compound D59 (0.28 g, 0.60
mmol, 80% yield). UPLC: rt = 0.78 min, peak observed:
460 (M+l). C18H23FIN3O2 requires 459. Description 60:
1,1-dimethylethyl
(2S)-2-[(8-fluoro-3-methylimidazo[l,2- ]pyridin-2-
yl)methyl] -1-piperidinecarboxylate (D60): To a
mixture of 1,1-dimethylethyl
(25)-2-[(8-fluoro-3-iodoimidazo[l,2- a]pyridin-2-
yl)methyl]-l -piperidinecarboxylate D59 (0.28 g, 0.60
mmol) and palladiumtetrakis( 



triphenylphosphine) (0.035 g, 0.03 mmol) in DME (7.40
ml) was added methylboronic acid (0.054 g, 0.90 mmol)
followed by the addition of NaOH (2.40 ml of a 0.5 M
aqueous solution, 1.20 mmol). The resulting mixture
was stirred at 110 0C for 40 min under microwave
irradiation. The reaction mixture was poured into
water (5 ml) and extracted with DCM (3 x 3 ml). The
organic phases were collected, dried (Na2SO4),
filtered and the solvent evaporated under vacuum. The
green residue was purified on NH by flash
chromatography (Biotage 25M, from Cy 100 to Cy/EtOAc
70/30). Collected fractions gave the title compound
D60 (0.17 g, 0.47 mmol, 79% yield). MS: (ES/+) m/z:
348 (M+l). C19H26FN3O2 requires 347. HPLC (walk-up):
rt = 4.56 min. Description 61: 8-fluoro-3-methyl-2-
[(2S)-2-piperidinylmethyl] imidazo [1,2- ]pyridine
(D61):To a solution of 1,1-dimethylethyl
(25)-2-[(8-fluoro-3-methylimidazo[l,2- a]pyridin-2-
yl)methyl]-l-piperidinecarboxylate D60 (0.17 g, 0.47
mmol) in DCM (4 ml), TFA ( 1 ml) was added and the
solution stirred for 1.5 h. Volatiles were removed
under reduced pressure and the residue eluted through
a SCX column. Collected fractions gave the title
compound D61 (0.1 1 g, 0.43 mmol, 91% yield). HPLC
(walk-up): rt = 2.66 min. MS: (ES/+) m/z: 248 (M+l).
Ci4H18 FN3 requires 247. Description 62:
1,1-dimethylethyl
(2S)-2-[(3-chloro-8-methylimidazo[l,2- ]pyridin-2-
yl)methyl] -1-piperidinecarboxylate (D62): To a
solution of 1,1-dimethylethyl
(25)-2-[(8-methylimidazo[l,2-
a]pyridin-2-yl)methyl]-lpiperidinecarboxylate DIl
(0.18 g, 0.56 mmol) in DCM (4 ml) was added NCS (0.082
g, 0.62 mmol) and the reaction mixture was stirred at
room temperature for 30 min. The solvent was
evaporated to afford the title compound D62 (0.29 g)
as a crude material which was used in the next step
without any further purification. UPLC: rt = 0.68 min,
peak observed: 364 (M+l). Ci9H26ClN3O2 requires 363.
Description 63: 3-chloro-8-methyl-2-
[(2S)-2-piperidinylmethyl] imidazo [1,2- ]pyridine
(D63): To a solution of 1,1-dimethylethyl
(25)-2-[(3-chloro-8-methylimidazo[l,2- a]pyridin-2-
yl)methyl]-l -piperidinecarboxylate D62 (0.29 g) in
DCM (6 ml), TFA (1.20 ml) was added dropwise at 0 0C
and the reaction mixture was stirred for 1 h. The
solvent was evaporated and the residue eluted through
a SCX column. Collected fractions gave the title
compound D63 (0. 17 g) as a crude material which was
used in the next step without any furtherpurification.
UPLC: rt = 0.43 min, peak observed: 264 (M+l). C1
H1SClNs requires 263. HPLC (walk-up): rt = 2.20 min.
EXAMPLES Example 1:
2-[((2S)-l-{[5-(4-fluorophenyl)-2-methyl-l,3-thiazol-4
-yl]carbonyl}-2- piperidinyl)methyl]
-7-(trifluoromethyl)imidazo [1,2- ]pyridine (El): A
mixture of
5-(4-fluorophenyl)-2-methyl-l,3-thiazole-4-carboxylic
acid (0.23 g, 1.00 mmol), DIPEA (1.00 ml, 5.70 mmol)
and TBTU (0.40 g, 1.24 mmol) in DMF (3 ml) was left
under stirring at room temperature for 20 min. A 0.05
M solution of 2-[(2 S')-2-
piperidinylmethyl]-7-(trifluoromethyl)imidazo[l,2-
a]pyridm^ D4 in DMF (2.40 ml, 0.12 mmol) was added to
the activated carboxylic acid and the mixture was
stirred for 1 h. Water was added and the mixture
extracted with EtOAc. The resulting crude oil was
submitted to Fraction Lynx purification (LC 3 100 mg
method). After two runs the title compound El (0.020
g, 0.04 mmol, 33% yield) was obtained. HPLC (walk-up):
rt = 4.07 min. MS: (ES/+) m/z: 503 (M+l). UPLC: rt =
0.67 min, peak observed: 503 (M+l). C25H22F4N4OS
requires 502. Example 2:
2-({(2S)-l-[(2-methyl-5-phenyl-l,3-thiazol-4-yl)carbon
yl]-2-
piperidinyl}methyl)-7-(trifluoromethyl)imidazo[l,2-
]pyridine (E2):A mixture of
5-phenyl-2-methyl-l,3-thiazole-4-carboxylic acid (0.23
g, 1.00 mmol), DIPEA ( 1.00 ml, 5.70 mmol) and TBTU
(0.40 g, 1.24 mmol) in DMF (3 ml) was left under
stirring at room temperature for 20 min. A 0.05 M
solution of 2-[(2S)-2-piperidinylmethyl]-7-
(trifluoromethyl)imidazo[l,2- a]pyridine D4 (2.40 ml,
0.12 mmol) was added to the activated carboxylic acid
and the reaction was stirred for 1 h. Water was added
and the mixture extracted with EtOAc. The resulting
crude oil was submitted to Fraction Lynx purification
(LC 3 100 mg method). After two runs the title
compound E2 (0.038 g, 0.08 mmol, 66% yield) was
obtained as a yellowish solid. HPLC (walk-up): rt =
3.97 min. UPLC: rt = 0.66 min, peak observed: 485
(M+l). C25H23F3N4OS requires 484. Example 3:
2-({(2S)-l-[(2-methyl-5-phenyl-l,3-thiazol-4-yl)carbon
yl]-2- piperidinyl} methyl)-6-(trifluor
omethyl)imidazo [1,2- ]pyridine (E3): In a 5 ml
round-bottomed flask
5-phenyl-2-methyl-l,3-thiazole-4-carboxylic acid
(0.065 g, 0.30 mmol), DMF ( 1 ml), DIPEA (0.25 ml,
1.48 mmol) and TBTU (0.1 1 g, 0.36 mmol) were added
and the mixture left under stirring at room
temperature for 20 min. A solution of
2-[(25)-2-piperidinylmethyl]-6-(trifluoromethyl)imidaz
o[l,2- a]pyridine D6 (0.070 g of the crude material
obtained in Description 6) in DMF ( 1 ml) was added to
the activated carboxylic acid and the reaction stirred
for 1 h. Water was added and the mixture extracted
with EtOAc. The organic phase was dried (Na2SO4) and
the solvent removed under reduced pressure to give an
oil that was eluted through a SCX column and then
purified by chromatography on silica gel (Flash Master
5Og , DCM/MeOH from 100/0 to 80/20). Collected
fractions gave the title compound E3 (0.009 g, 0.019
mmol, 12% from D2, three steps). MS: (ES/+) m/z: 485
(M+l). C25H23F3N4OS requires 484. HPLC (walk-up): rt =
3.99 min. Example 4:
2-({(2S)-l-[(2-methyl-5-phenyl-l,3-thiazol-4-yl)carbon
yl]-2-
piperidinyl}methyl)-8-(trifluoromethyl)imidazo[l,2-
]pyridine (E4):To a solution of 1,1-dimethylethyl
(25)-2-{[8-(trifluoromethyl)imidazo[l,2- a]pyridin-2-
yl]methyl}-l-piperidinecarboxylate D7 (0.15 g
contaminated with residual 3-
(trifluoromethyl)-2-pyridinamine as reported in
Description 7) in DCM (4 ml), TFA (2 ml) was added
dropwise at 0 0C and the resulting reaction mixture
was stirred at room temperature for 2 h. Solvent
removal afforded a residue that was eluted through a
SCX column. Collected fractions gave a crude
(containing the intermediate N-Boc deprotected amine
contaminated with some residual
3-(trifluoromethyl)-2-pyridinamine) that was dissolved
in DMF (2 ml). A mixture of
5-phenyl-2-methyl-l,3-thiazole-4-carboxylic acid (0.12
g, 0.55 mmol), DMF (2 ml), DIPEA (0.50 ml, 2.96 mmol)
and TBTU (0.24 g, 0.75 mmol) was left under stirring
at room temperature. A solution of the free amine in
DMF was added dropwise and the reaction left under
stirring at room temperature. Water was added and the
mixture extracted with EtOAc. The resulting crude was
purified by Fraction Lynx (LC 3 100 mg method). The
resulting material was then eluted through a SCX
column. Collected fractions gave the title compound E4
(0.060 g, 0.12 mmol, 40% yield from D2, three steps).
MS: (ES/+) m/z: 485 (M+l). C25H23F3N4OS requires 484.
HPLC (walk-up): rt = 3.89 min. Example 5:
6,8-dichloro-2-({(2S)-l-[(2-methyl-5-phenyl-l,3-thiazo
l-4-yl)carbonyl]-2- piperidinyl} methyl)imidazo [1,2-
]pyridine (E5): A mixture of
5-phenyl-2-methyl-l,3-thiazole-4-carboxylic acid
(0.048 g, 0.22 mmol), DMF (0.50 ml), DIPEA (0.19 ml,
1.10 mmol) and TBTU (0.085 g, 0.26 mmol) was left
under stirring at room temperature for 20 min. A
solution of 6,8-dichloro-2-[(25)-2-
piperidinylmethyl]imidazo[l,2- a]pyridine DlO (0.051g
of the crude material obtained in Description 10) in
DMF ( 1 ml) was added at 0 0C to the activated
carboxylic acid and thereaction stirred for 1 h. The
mixture was transferred into a separatory funnel
containing brine (3 ml) and extracted with EtOAc (2 x
4 ml). The collected organic phases were washed with
brine/ice (6 x 3 ml), dried (Na SO ) and the solvent
removed under reduced pressure to give an oil that was
purified by MDAP Fraction Lynx. Collected fractions
gave the title compound E5 (0.008 g, 0.016 mmol, 10%
from D2, three steps). MS: (ES/+) m/z: 485 (M+1, 100%)
and 487 (M+l, 66%). UPLC rt = 3.00 min, peak observed:
485 (M+1) and 487 (M+l). C24H22Cl2N4OS requires 484.
Example 6:
8-methyl-2-({(2S)-l-[(2-methyl-5-phenyl-l,3-thiazol-4-
yl)carbonyl]-2- piperidinyl}methyl)imidazo[l,2-
]pyridine (HCl salt) (E6): In a 100 ml pear flask
2-methyl-5-phenyl-l,3-thiazole-4-carboxylic acid (0.76
g, 3.49 mmol) was dissolved in DCM (15 ml) to give a
yellow solution. DMF (0.014 ml, 0.17 mmol) was then
added and the mixture cooled to 0 0C. Oxalyl chloride
(0.67 ml, 7.67 mmol) was added dropwise and the
resulting mixture left under stirring at room
temperature for 1 h. Volatiles were removed under
reduced pressure and the residue dissolved in DCM (15
ml). The acyl chloride solution was added dropwise to
a solution of 8-methyl-2-[(2S)-2-
piperidinylmethyl]imidazo[l ,2-a]pyridine D12 (0.80 g,
3.49 mmol) and TEA ( 1.46 ml, 10.47 mmol) in DCM (15
ml) cooled at 0 0C. The reaction mixture was left
under stirring overnight. DCM (30 ml) was added and
the mixture washed with a saturated NaHCq 3 aqueous
solution (70 ml). The two layers were separated and
the aqueous one backextracted with DCM (3 x 50 ml).
The combined organic phases were washed with water (2
x 50 ml), dried (Na2SO4), filtered and concentrated.
The residue was purified by chromatography on silica
gel (Flash Master, DCM/MeOH/NH 3 from 90/10/0 to
90/10/0.2). The free base of the title compound ( 1.00
g, 2.32 mmol, 67% yield) was obtained as a slightly
brown oil. HPLC (walk-up): rt = 3.60 min. The free
base (1.00 g, 2.32 mmol) was dissolved in DCM (35 ml)
and the solution cooled to 0 0C. HCl (3.48 ml of a 1M
solution in Et2O, 3.48 mmol) was added dropwise and
the mixture allowed to warm up to room temperature and
stirred for 1 h. Volatiles were 



removed under reduced pressure and the resulting solid
triturated with Et2O. The title compound E6 ( 1.05 g,
2.00 mmol, 86% yield) was obtained as a slightly
yellow solid. UPLC: rt = 0.59 min, peak observed: 431
(M+l). C25H26N4OS requires 430. Example 7:
6,8-difluoro-2-({(2S)-l-[(2-methyl-5-phenyl-l,3-thiazo
l-4-yl)carbonyl]-2- piperidinyl} methyl)imidazo [1,2-
]pyridine (E7):A mixture of
2-methyl-5-phenyl-l,3-thiazole-4-carboxylic acid
(0.057 g, 0.26 mmol), DMF (3 ml), DIPEA (0.23 ml, 1.29
mmol) and TBTU (0.10 g, 0.3 1 mmol) was stirred at
room temperature for 20 min. A solution of
6,8-difluoro-2-[(2S)-2-
piperidinylmethyl]imidazo[l,2-a]pyridine D13 (0.054 g,
0.22 mmol) in DMF ( 1 ml) was added and the resulting
mixture stirred overnight. The reaction mixture was
diluted with brine (3 ml) and extracted with EtOAc (2
x 4 ml). The combined organic layers were washed with
brine/ice (6 x 3 ml), dried (Na SO ) and the solvent
removed under vacuum. The crude was purified by flash
chromatography on silica gel (Biotage SPl 12 M,
DCM/MeOH 95/5). Collected fractions gave the title
compound E7 (0.034 g, 0.08 mmol, 35% yield) as a
yellow solid. MS: (ES/+) m/z: 453 (M+l). C24H22F2N4OS
requires 452. 1H NMR [the product is present as a
mixture of conformers (ratio ca. 50/50) and the
assignment refers to a single conformer] (500 MHz,
CDCl3) d(ppm): 7.83 - 7.89 (m, 1 H), 7.75 -7.78 (m, 1
H), 7.26 - 7.34 (m, 3 H), 7.21 (t, 2 H), 6.80 - 6.90
(m, 1 H), 5.28 - 5.35 (m, 1 H), 4.69 - 4.77 (m, 1 H),
3.29 (dd, 1 H), 3.08 (dd, 1 H), 3.01 (dt, 1 H), 2.70
(s, 3 H), 1.29 - 1.73 (m, 5 H), 0.92 - 1.04 (m, 1 H).
Example 8: -fluoro-l-CKl
J-l-ICl-methyl-S-phenyl-l^-thiazoM-ylJcarbonyl]-!-
piperidinyl} methyl)imidazo [1,2- ]pyridine (E8): A
mixture of 2-methyl-5-phenyl-l,3-thiazole-4-carboxylic
acid (0.0575 g, 0.262 mmol), DMF (3 ml), DIPEA (0.229
ml, 1.314 mmol) and TBTU (0.101 g, 0.315 mmol) was
stirred at room temperature for 20 min. A solution of
6-fluoro-2-[(25)-2- piperidinylmethyl]imidazo[l,2-
a]pyridine D14 (0.051 g, 0.219 mmol) in DMF ( 1 ml)
was added and the mixture left under stirring
overnight. The reaction mixture was diluted with brine
(2.5 ml) and extracted with EtOAc (2 x 3.5 ml). The
combined organic layers were washed with brine/ice (6
x 3 ml), dried (Na2SO4) and the solvent removed. The
crude waspurified by flash chromatography on silica
gel (Biotage SPl 12M, DCM/MeOH 95/5). Collected
fractions gave the title compound E8 (0.036 g, 0.083
mmol, 37.9% yield) as a yellow solid. MS: (ES/+) m/z:
435 (M+l). C24H23FN4OS requires 434. 1HNMR [the
product is present as a mixture of conformers (ratio
ca. 50/50) and the assignment refers to a single
conformer] (500 MHz, CDCl3) d(ppm): 7.94 - 7.98 (m, 1
H), 7.66 (s, 1 H), 7.46 - 7.53 (m, 1 H), 7.18 - 7.41
(m, 5 H), 7.00 - 7.10 (m, 1 H), 5.26 - 5.34 (m, 1 H),
4.69 - 4.78 (m, 1 H), 3.21 (dd, 1 H), 3.06 (dd, 1 H),
2.90 - 2.99 (m, 1 H), 2.72 (s, 3 H), 1.26 - 1.76 (m, 5
H), 0.92 - 1.05 (m, I H). Example 9:
2-({(2S)-l-[(2-methyl-5-phenyl-l,3-thiazol-4-yl)carbon
yl]-2- piperidinyl}methyl)imidazo[l,2-
]pyridine-7-carbonitrile (E9): A mixture of
2-methyl-5-phenyl-l,3-thiazole-4-carboxylic acid
(0.084 g, 0.38 mmol), DMF ( 1 ml), DIPEA (0.33 ml,
1.92 mmol) and TBTU (0.15 g, 0.46 mmol) was stirred at
room temperature for 20 min. A solution of
2-[(25)-2-piperidinylmethyl]imidazo[l,2- a]pyridine-
7-carbonitrile D15 (0.074 g, 0.3 1 mmol) in DMF ( 1
ml) was added and the mixture was stirred for 30 min.
The reaction mixture was quenched with brine and
extracted with EtOAc. The organic phase was washed
with water, dried (Na2SO4) and the solvent removed.
The crude was purified by chromatography on silica gel
(Flash master, DCM/MeOH from 100/0 to 80/20).
Collected fractions gave the title compound E9 (0.065
g, 0.15 mmol, 48% yield). MS: (ES/+) m/z: 442 (M+l).
C25H23N5OS requires 441. HPLC (walk-up): rt = 3.75
min. 1H NMR [the product is present as a mixture of
conformers (ratio ca. 50/50) and the assignment refers
to the single conformer] (500 MHz, CDCl3) d(ppm): 8.1
1 (d, 1 H), 7.85 (s, 1 H), 7.42 (s, 1 H), 7.43 -7.38
(m, 2 H), 7.25 (t, 1 H), 7.19 (t, 2 H), 6.89 (d, 1 H),
5.25 - 5.38 (m, 1 H), 4.73 (d, IH), 3.31 (dd, 1 H),
3.09 (dd, 1 H), 2.93 (dt, 1 H), 2.70 (s, 3 H), 1.23 -
1.79 (m, 5 H), 0.87 - 1.01 (m, 1 H). Example 10:
6-bromo-7,8-dimethyl-2-({(2
S)-l-[(2-methyl-5-phenyl-l,3-thiazol-4-
yl)carbonyl]-2-piperidinyl}methyl)imidazo[l,2-
]pyridine (ElO):A mixture of
2-methyl-5-phenyl-l,3-thiazole-4-carboxylic acid
(0.074 g, 0.34 mmol), DMF (3 ml), DIPEA (0.29 ml, 1.68
mmol) and TBTU (0.13 g, 0.40 mmol) was stirred at room
temperature for 20 min.
6-Bromo-7,8-dimethyl-2-[(25)-2-piperidinylmethyl]imida
zo[l,2- a]pyridine D16 (0.090 g, 0.28 mmol) dissolved
in DMF ( 1 ml) was added and the mixture stirred for 2
h. The reaction mixture was diluted with brine (3 ml),
extracted with EtOAc (2 x 4 ml) and the combined
organic layers were washed with brine/ice (6 x 3 ml).
The resulting crude was purified by flash
chromatography on silica gel (Biotage SPl 12M,
DCM/MeOH 95/5). Collected fractions gave the title
compound ElO (0.051 g, 0.10 mmol, 35% yield) as a
yellow solid. MS: (ES/+) m/z: 523 (M+l, 100%) and 525
(M+ 1, 100%). C H BrN OS requires 522. 1H NMR [the
product is present as a mixture of conformers (ratio
ca. 50/50) and the assignment refers to a single
conformer] (500 MHz, CDCI3) d(ppm): 8.07 - 8.12 (m, 1
H), 7.50 - 7.57 (m, 1 H), 7.37 (d, 2 H), 7.23 - 7.29
(m, 1 H), 7.18 (t, 2 H), 5.26 - 5.41 (m, 1 H), 4.72
(dd, 1 H), 3.28 - 3.38 (m, 1 H), 3.05 - 3.08 (m, 1 H),
2.94 (dt, 1 H), 2.72 (s, 3 H), 2.63 (s, 3 H), 2.42 (s,
3 H), 1.35 - 1.76 (m, 5 H), 0.99 - 1.09 (m, 1 H).
Example 11:
2-({(25)-l-[(2-methyl-5-phenyl-l,3-thiazol-4-yl)carbon
yl]-2- piperidinyl}methyl)-5-(trifluor omethyl)imidazo
[1,2- ]pyridine (Ell): A mixture of
2-methyl-5-phenyl-l,3-thiazole-4-carboxylic acid
(0.056 g, 0.25 mmol), DMF (3 ml), DIPEA (0.22 ml, 1.27
mmol) and TBTU (0.098 g, 0.3 1 mmol) was stirred at
room temperature. After 20 min
2-[(25)-2-piperidinylmethyl]-5-(trifluoromethyl)imidaz
o[l,2- a]pyridine D17 (0.060 g, 0.21 mmol) dissolved
in DMF (3 ml) was added and the mixture left under
stirring overnight. The reaction crude was purified by
chromatography on silica gel (Flash Master, DCM/MeOH
from 100/0 to 90/10). Collected fractions gave the
titlecompound Ell (0.020 g, 0.04 mmol, 19% yield). MS:
(ES/+) m/z: 485 (M+l). C25H23F3N4OS requires 484. 1H
NMR [the product is present as a mixture of conformers
(ratio ca. 50/50) and the assignment refers to the
single conformer] (500 MHz, CDCl3) d(ppm): 7.85 - 7.91
(m, 1 H), 7.35 - 7.47 (m, 2 H), 7.16 - 7.34 (m, 6 H),
5.26 - 5.47 (m, 1 H), 4.76 (dd, 1 H), 3.1 1 - 3.27 (m,
1 H), 2.84 - 3.09 (m, 2 H), 2.72 (s, 3 H), 1.36 - 1.94
(m, 5 H), 0.83 - 1.07 (m, 1 H). Example 12:
-bromo-S-methyl-l-CiCl^-l-ICl-methyl-S-phenyl-l^-thiaz
oMyl) carbonyl] -2-piperidinyl} methyl)imidazo [1,2-
]pyridine (E 12): A mixture of
2-methyl-5-phenyl-l,3-thiazole-4-carboxylic acid
(0.074 g, 0.34 mmol), DMF (3 ml), DIPEA (0.30 ml, 1.70
mmol) and TBTU (0.13 g, 0.41 mmol) was stirred at room
temperature. After 20 min
6-bromo-5-methyl-2-[(25)-2-piperidinylmethyl]imidazo[
1,2- a]pyridine D18 (0.087 g, 0.28 mmol) dissolved in
DMF ( 1 ml) was added and the mixture left under
stirring for 6 h. The reaction mixture was diluted
with brine (3 ml), extracted with EtOAc (2 x 4 ml) and
the combined organic layers washed with brine/ice (6 x
3 ml). The reaction crude was purified by flash
chromatography on silica gel (Biotage SPl 12M,
DCM/MeOH 95/5). Collected fractions gave the title
compound E12 (0.003 g, 0.005 mmol, 2% yield) as a
yellow solid. MS: (ES/+) m/z: 509 (M+l, 100%) and 510
(M+l, 100%). C25H25BrN4OS requires 508. 1H NMR [the
product is present as a mixture of conformers (ratio
ca. 55/45) and the assignment refers to the minor
conformer] (500 MHz, CDCl ) d(ppm): 7.64 (s, 1 H),
7.19 - 7.37 (m, 4 H), 7.15 - 7.17 (m, 1 H), 7.09 (t, 2
H), 4.72 (dd, 1 H), 3.91 - 4.02 (m, 1 H), 3.20 (dd, 1
H), 2.94 - 2.99 (m, 1 H), 2.66 - 2.71 (m, 4 H), 2.32
(s, 3 H), 1.31 - 1.77 (m, 5 H), 0.70 - 0.80 (m, 1 H).
Example 13:
8-fluoro-2-({(2S)-l-[(2-methyl-5-phenyl-l,3-thiazol-4-
yl)carbonyl]-2- piperidinyl}methyl)imidazo[l,2-
]pyridine (HCl salt) (E13):To a mixture of
2-methyl-5-phenyl-l,3-thiazole-4-carboxylic acid
(20.39 g, 93 mmol) and DMF (0.327 ml, 4.23 mmol) in
DCM (350 ml), oxalyl chloride (18.50 ml, 2 11 mmol)
was added dropwise at 0 0C under Argon atmosphere and
the resulting mixture was left under stirring for 45
min at room temperature. The solvent was removed under
reduced pressure and the resulting orange solid was
dissolved in DCM (250 ml) [acyl chloride solution].
TEA (70.70 ml, 507 mmol) was added at 0 0C to a
suspension of 8-fiuoro-2-[(2S)-2-
piperidinylmethyl]imidazo[l,2-a]pyridine hydrochloride
salt D58 (22.80 g) in DCM (350 ml) and the mixture was
stirred at 0 0C under Argon atmosphere for 10 min. The
acyl chloride solution was added dropwise at 0 0C and
the resulting reaction was left under stirring for 1.5
h at room temperature under Argon atmosphere. The
mixture was diluted with a saturated NaHCO aqueous
solution (600 ml). The organic phase was separated and
washed with a saturated NaHCCh aqueous solution (2 x
500 ml) and dried (Na SO ) . The solvent was removed
under vacuum. The residue was purified via flash
chromatography on silica gel (Biotage 75L, from EtOAc
100 to EtOAC 100/MeOH 0.5). Collected fractions gave
the free base of the title compound (23.80 g, 54.80
mmol, 41% yield from D2, three steps). 1H NMR [the
compound is present as a mixture of conformers (ratio
ca. 55/45), only one assigned] (400 MHz, DMSO-J 6)
d(ppm): 8.28 (d, 1 H), 7.65 (d, 1 H), 7.21 - 7.40 (m,
5 H), 6.97 (dd, 1 H), 6.71 - 6.77 (m, 1 H), 4.46 (bd,
1 H), 3.88 - 4.00 (m, 1 H), 2.97 - 3.14 (m, 2 H), 2.75
(dd, 1 H), 2.69 (s, 3 H), 0.91 - 1.74 (m, 6 H). This
material was combined with 0.70 g of a batch coming
from an identical reaction 



carried out on 0.90 g (3.34 mmol) of D58. The free
base (24.50 g, 56.40 mmol) was suspended in diethyl
ether (500 ml) and the mixture cooled to 0 0C and
stirred under Argon atmosphere for 15 min. HCl (33.80
ml of a 2 M solution in Et2O, 67.70 mmol) was added
dropwise at 0 0C and the mixture was stirred for 1.5 h
at room temperature. Volatiles were removed under
reduced pressure. The resulting solid was triturated
with Et2O (3 x 1 L) and then dried overnight under
vacuum at 40 0C to afford the title compound E13 (21
.50 g, 45.60 mmol, 34% from D2, four steps). MS:
(ES/+) m/z: 435 (M+1-HC1). C24H24ClFN4OS requires 470.
Example 14:
2-[((2S)-l-{[5-(4-fluorophenyl)-2-methyl-l,3-thiazol-4
-yl] carbonyl}-2- piperidinyl)methyl] -8-methylimidazo
[1,2- ]pyridine (E14):To a solution of
5-(4-fluorophenyl)-2-methyl-l,3-thiazole-4-carboxylic
acid (0.021 g, 0.09 mmol) in DCM ( 1 ml), oxalyl
chloride (0.017 ml, 0.19 mmol) and dry DMF (0.006 ml,
0.09 mml) were added. The mixture was left under
stirring for 1 h and then concentrated under vacuum to
provide the acyl chloride that was dissolved in DCM (
1 ml). The acyl chloride solution was added to an
ice-cooled mixture of 8-methyl-2-[(2S)-2-
piperidinylmethyl]imidazo[l,2-a]pyridine D12 (0.020 g,
0.09 mmol) and TEA (0.04 ml, 0.26 mmol) in DCM ( 1
ml). The reaction mixture was left under stirring at
room temperature for 2 h, diluted with DCM and washed
with a saturated NaHCCb aqueous solution and brine.
The organic layer was dried (Na SO ), filtered and the
solvent removed under vacuum to give the title
compound E14 (0.039 g, 0.08 mmol, 95% yield) as a grey
solid. MS: (ES/+) m/z: 449 (M+l). C25H25FN4OS requires
448. UPLC: rt = 2.23 min, peak observed: 449 (M+l). 1H
NMR [the product is present as a mixture of conformers
(ratio ca. 55/45) and the assignment refers to the
minor component] (500 MHz, CDCl3) d(ppm): 7.89 (d, 1
H), 7.64 (s, 1 H), 7.24 - 7.31 (m, 2 H), 6.88 - 6.95
(m, 1 H), 6.78 (t, 2 H), 6.60 - 6.67 (m, 1 H), 5.34 -
5.41 (m, 1 H), 3.27 - 3.38 (m, 2 H), 3.02 - 3.13 (m, 2
H), 2.71 (s, 3 H), 2.60 (s, 3 H), 1.31 - 1.77 (m, 5
H), 1.08 - 1.20 (m, 1 H). The following compounds of
formula (IV), where R represents a single substitution
with R2 or a substitution with R2 and R , examples 15
to 21, were prepared using a similar procedure to that
described for Example 14. Each compound was obtained
by amide coupling of the appropriate piperidine with
5-(4-fluorophenyl)-2-methyl-l,3-thiazole-4- carboxylic
acid. The compounds of examples 15 to 21 are as
follows: Example 15 (E15):
2-[((25)-l-{[5-(4-fiuorophenyl)-2-methyl-l,3-thiazol-4
-yl]carbonyl}-2- piperidinyl)methyl]
-8-(trifluoromethyl)imidazo [1,2-a]pyridine (HCl
salt); Example 16 (E16):
6,8-difluoro-2-[((25)-l-{[5-(4-fiuorophenyl)-2-methyl-
l,3-thiazol-4-
yl]carbonyl}-2-piperidinyl)methyl]imidazo[l,2-
a]pyridine (HCl salt); Example 17 (E17):
6,8-dichloro-2-[((25)-l-{[5-(4-fiuorophenyl)-2-methyl-
l,3-thiazol-4-
yl]carbonyl}-2-piperidinyl)methyl]imidazo[l,2-
a]pyridine (HCl salt); Example 18 (E18):
6-fluoro-2-[((25)-l-{[5-(4-fiuorophenyl)-2-methyl-l,3-
thiazol-4-
yl]carbonyl}-2-piperidinyl)methyl]imidazo[l,2-
a]pyridine;Example 19 (E19): 2-[((2
S)-l-{[5-(4-fluorophenyl)-2-methyl-l,3-thiazol-4-yl]ca
rbonyl}-2- piperidinyl)methyl]imidazo[l,2-
a]pyridine-7-carbonitrile (HCl salt); Example 20
(E20): 2-[((2
S)-l-{[5-(4-fluorophenyl)-2-methyl-l,3-thiazol-4-yl]ca
rbonyl}-2- piperidinyl)methyl] -7-(methyloxy)imidazo[
1,2- ]pyridine (HCl salt); Example 2 1 (E21):
2-[((25)-l-{[5-(4-fluorophenyl)-2-methyl-l,3-thiazol-4
-yl]carbonyl}-2- piperidinyl)methyl]imidazo[l,2-
]pyridme-8-carbonitrile (HCl salt).NEW CHEMICAL
COMPOUNDS The present invention relates to new
compounds of general formula (1) (1) wherein the
groups R1 to R3 and L have the meanings given in the
claims and specification and the tautomers, racemates,
enantiomers, diastereomers, mixtures, polymorphs and
salts of all these forms and their use as medicaments.
Background to the invention Phenyl-substituted,
nitrogen-containing five-ring heteroaryls for
inhibiting cytokine production and hence for treating
inflammatory diseases are described in WO 2004/050642,
WO 2005/056535, WO 2005/090333, WO 2005/1 15991 and US
2006/0100204. The aim of the present invention is to
discover new active substances which can be used for
the prevention and/or treatment of diseases
characterised by excessive or abnormal cell
proliferation. Detailed description of the invention
It has now been found that, surprisingly, compounds of
general formula (1) wherein the groups R1 to R3 and L
have the meanings given hereinafter act as inhibitors
of specific signal enzymes which are involved in
controlling cell proliferation. Thus, the compounds
according to the invention may be used for example for
the treatment of diseases connected with the activity
of these signal enzymes and characterised by excessive
or abnormal cell proliferation.The present invention
therefore relates to compounds of general formula (1)
(D , wherein R1 denotes a 5-10-membered heteroaryl,
optionally substituted by one or more identical or
different group(s), each independently selected from
among Ra and Rb; R2 has the partial structure (i) or
(ii) R3 is selected from among hydrogen, halogen, -CN,
-NO 2, -NR hRh, -OR h, -C(O)R h, -C(O)NR hRh, -SR h,
-S(O)R\ -S(O) 2Rh, CM alkyl, CMhaloalkyl,
C3-7cycloalkyl and 3-7 membered heterocycloalkyl; R5
is selected from among C1-6alkyl, -OCi- alkyl, Ci-
haloalkyl, -OCi- haloalkyl, C3-7cycloalkyl, 3-7
membered heterocycloalkyl, all the above-mentioned
groups optionally being substituted by C^alkyl, -CN or
-OH; a) where partial structure (i) is present one of
the groups R6, R7 or R8 and b) where partial structure
(ii) is present one of the groups R6 or R7 has one of
the partial structures (iii) to (vi)(i) (iv) (V) (vi)
and in case a) the other two groups, each
independently of one another, and in case b) the
second group is/are selected from among hydrogen,
C^alkyl, -OCi_6alkyl, -OH, -CN, -NHCi-ealkyl, -N(Ci
6alkyl)2 and halogen or c) where partial structure (i)
is present R5 denotes a Ci_6alkyl or C eyeloalkyl
substituted by a substituent -CN and R6, R7 and R8
each denote hydrogen; R9 is selected from among
hydrogen and Ci_6alkyl, R10 is selected from among Ra
and -OR a, or the group -NR 9R10 in all denotes a
nitrogen-containing, 3-14 membered heterocycloalkyl or
5-12 membered heteroaryl, optionally substituted by
one or more identical or different group(s) selected
from among Ra and Rb; R11, R12 and R13 each
independently of one another correspond to a group Ra,
or R11 corresponds to a group Ra and the group -NR
12R13 together denotes a nitrogencontaining,
3-14-membered heterocycloalkyl, optionally substituted
by one or more identical or different group(s)
selected from among Ra and Rb, or R11 and R12 together
with the atoms to which they are bound form a
nitrogen-containing, 4-14 membered heterocycloalkyl,
optionally substituted by one or more identical or
different group(s) selected from among Ra and Rb, and
R13 corresponds to a group Ra; R14, R15 and R16 each
independently of one another correspond to a group
Ra,or R14 corresponds to a group Ra and the group
NR15R16 together denotes a nitrogencontaining,
3-14-membered heterocycloalkyl, optionally substituted
by one or more identical or different group(s)
selected from among Ra and Rb, or R14 and R15 together
with the atoms to which they are bound form a
nitrogen-containing, 4-14 membered heterocycloalkyl,
optionally substituted by one or more identical or
different group(s) selected from among Ra and Rb, and
R16 corresponds to a group Ra; R17, R18 and R19 each
independently of one another correspond to a group Ra,
or R17 and R18 together with the atoms to which they
are bound form a nitrogen-containing, 3-14 membered
heterocycloalkyl, optionally substituted by one or
more identical or different group(s) selected from
among Ra and Rb, and R19 corresponds to a group Ra, or
R17 and R19 together with the atoms to which they are
bound form a nitrogen-containing, 4-14 membered
heterocycloalkyl, optionally substituted by one or
more identical or different group(s) selected from
among Ra and Rb, and R18 corresponds to a group Ra, or



R18 and R19 together with the atoms to which they are
bound form a nitrogen-containing, 4-14 membered
heterocycloalkyl, optionally substituted by one or
more identical or different group(s) selected from
among Ra and Rb, and R17 corresponds to a group Ra; L
is selected from among -C(O)NH-, -NHC(O)-, -C(S)NH-,
-NHC(S)-, -C(O)-, -C(S)-, -NH-, -S(O)- -S(O)O-, -S(O)
2- , -S(O) 2O-, -S(O)NH-, -S(O) 2NH-, -OS(O)- -OS(O)
2- , -OS(O)NH-, -OS(O) 2NH-, -C(O)O-, -C(O)S-,
-C(NH)NH-, -OC(O)-, -OC(O)O-, -OC(O)NH-, -SC(O)-
-SC(O)O-, -SC(O)NH-, -NHC(NH)- -NHS(O)-, -NHS(O)O-,
-NHS(O) 2- , -NHS(O) 2O-, -NHS(O) 2NH-, -NHC(O)O-,
-NHC(O)NHand -NHC(S)NH- or denotes a bond;Y is
selected from among -O- and -S- or denotes a bond; x
and y each independently of one another have the value
0, 1, 2 or 3; each Ra independently of one another in
each case denotes hydrogen or a group optionally
substituted by one or more identical or different Rb
and/or Rc, selected from among Ci_6alkyl, 2-6 membered
heteroalkyl, Ci- haloalkyl, C3_iocycloalkyl, C i
Cycloalkylalkyl, C -ioaryl, C7_i6arylalkyl, 5-12
membered heteroaryl, 6-18 membered heteroarylalkyl,
3-14 membered heterocycloalkyl and 4-14 membered
heterocycloalkylalkyl; each Rb denotes a suitable
substituent and is independently selected in each case
from among -OR C, -SR C, -NR CRC, -ONR CRC, -N(OR
C)RC, -NR gNRcRc, halogen, -CN, -NC, -OCN, -SCN, -NO,
-NO 2, -N3,-C(O)R C, -C(O)OR C, -C(O)NR CRC, -C(O)SR
C, -C(0)NR gNRcRc, -C(O)NR gORc, -[C(O)] 2NRCRC,
-[C(O)NR S]2RC, -C(S)R C, -C(S)OR C, -C(S)NR CRC,
-C(S)SR C, -C(NR g)Rc, -N=CR CRC, -C(NR g)ORc, -C(NR
g)NRcRc, -C(NR g)SRc, -C(NR g)NRgNRcRc, -C(N0R g)Rc,
-C(NOR g)NRcRc, -C(NNR gRg)Rc, -C[NNR gC(O)NRgRg]Rc,
-OS(O)R C, -OS(O)OR C, -OS(O)NR CRC, -OS(O) 2R ,
-OS(O) 2OR , -OS(O) 2NRCRC, -OC(O)R C, -OC(O)OR C,
-OC(O)SR C, -0C(0)NR cRc, -0[C(0)] 2NRcRc, -0[C(0)NR
g]2NRcRc, -OC(S)R C, -0C(NR g)Rc, -0C(NR g)NRcRc, -0NR
gC(0)R c, -S(O)R C, -S(O)OR C, -S(O)NR CRC, -S(O) 2RC,
-S(O) 2OR , -S(O) 2NRCRC, -[S(O) 2]2NRCRC, -SC(O)R C,
-SC(O)OR C, -SC(O)NR CRC, -SC(S)R C, -SC(NR g)Rc,
-SC(NR g)NRcRc, -NR gC(0)R c, -NR gC(0)0R c, -NR
gC(O)NRcRc, -NR gC(O)SRc, -NR gC(O)NRgNRcRc, -NR
gC(S)Rc, -NR gC(S)NRcRc, -NR gC(NRg)Rc, -N=CR CNRCRC,
-NR gC(NRg)0R c, -NR gC(NRg)NRcRc, -NR gC(NRg)SRc, -NR
gC(N0R g)Rc, -NR gS(O)Rc, -NR gS(O)ORc, -NR gS(O)2Rc,
-NR gS(O)2ORc, -NR gS(0) 2NRcRc, -NR gNRgC(0)R c, -NR
gNRgC(O)NRcRc, -NR gNRgC(NRg)Rc, -NR g[C(0)] 2Rc, -NR
g[C(0)] 20 Rc, -NR g[C(0)] 2NRcRc, -[NR gC(0)] 2Rc,
-[NR C(0)] 20 Rc, -NR S[S(O)2]2RC, -N(0R s)C(0)R c,
-N[C(O)R C]NRCRC, -N[C(O)R C]2, -N[S(O) 2RC]2,
-N{[C(O)] 2RC}2, -N{[C(O)] 2ORC}2 and -N{[C(O)]
2NRCRC}2 as well as the bivalent substituents =0, =S,
=NRg, =N0R g, =NNRgRg and =NNRgC(0)NR gRg, while these
bivalent substituents may only be substituents in
nonaromatic ring systems; each Rc independently of one
another in each case denotes hydrogen or a group
optionally substituted by one or more identical or
different Rd and/or Re, selected from amongCi_6alkyl,
2-6 membered heteroalkyl, Ci- haloalkyl,
C3_iocycloalkyl, C4_i 6cycloalkylalkyl, C -ioaryl,
C7_i6arylalkyl, 5-12 membered hetero-aryl, 6-18
membered heteroarylalkyl, 3-14 membered
heterocycloalkyl and 4-14 membered
heterocycloalkylalkyl; each Rd is a suitable
substituent and is independently selected in each case
from among -OR e, -SR e, -NR eRe, -ONR eRe, -N(OR
e)Re, -N(R g)NR eRe, halogen, -CN, -NC, -OCN, -SCN,
-NO, -NO 2, -N3,-C(O)R e, -C(O)OR e, -C(0)NR eRe,
-C(O)SR e, -C(0)NR gNReRe, -C(O)NR sORe, -[C(O)]
2NReRe, -[C(O)NR g]2Re, -C(S)R e, -C(S)OR e, -C(S)NR
eRe, -C(S)SR e, -C(NR g)Re, -N=CR eRe, -C(NR g)OR e,
-C(NR g)NR eRe, -C(NR g)SR e, -C(NR g)NR gNReRe,
-C(NOR g)Re, -C(N0R g)NR eRe, -C(NNR gRg)Re, -C[NNR
gC(O)NR gRg]Re, -OS(O)R e, -OS(O)OR e, -OS(O)NR eRe,
-OS(O) 2R , -OS(O) 2OR , -OS(O) 2NReRe, -OC(O)R e,
-OC(O)OR e, -OC(O)SR e, -0C(0)NR eRe, -0[C(0)] 2NReRe,
-0[C(0)NR g]2NReRe, -OC(S)R e, -OC(NR g)Re, -0C(NR
g)NR eRe, -0NR gC(0)R e, -S(O)R e, -S(O)OR e, -S(0)NR
eRe, -S(O) 2R , -S(O) 2ORe, -S(O) 2NReRe, -[S(O)
2]2NReRe, -SC(O)R e, -SC(O)OR e, -SC(O)NR eRe, -SC(S)R
e, -SC(NR g)Re, -SC(NR g)NR eRe, -NR gC(0)R e, -NR
gC(0)0R e, -NR gC(O)NR eRe, -NR gC(O)SR e, -NR gC(O)NR
gNReRe, -NR gC(S)R e, -NR gC(S)NR eRe, -NR gC(NR g)Re,
-N=CR NR R , -NR gC(NR g)0R e, -NR gC(NR g)NR eRe, -NR
gC(NR g)SR e, -NR gC(N0R g)Re, -NR gS(O)R e, -NR
gS(O)OR e, -NR gS(0) 2Re, -NR gS(O) 2ORe, -NR gS(0)
2NReRe, -NR gNRgC(0)R e, -NR gNRgC(O)NR eRe, -NR
gNRgC(NR g)Re, -NR g[C(0)] 2Re, -NR g[C(0)] 20 Re, -NR
g[C(0)] 2NReRe, -[NR gC(0)] 2Re, -[NR gC(0)] 20 Re,
-NR s[S(O) 2]2Re, -N(0R s)C(0)R e, -N[C(0)R e]NR eRe,
-N[C(0)R e]2, -N[S(O) 2Re]2, -N{[C(O)] 2Re}2,
-N{[C(O)] 2ORe}2 and -N{[C(O)] 2NReRe}2 as well as the
bivalent substituents =0, =S, =NR g, =N0R g, =NNR gRg
and =NNR gC(0)NR gRg, while these bivalent
substituents may only be substituents in nonaromatic
ring systems; each Re independently of one another in
each case denotes hydrogen or a group optionally
substituted by one or more identical or different Rf
and/or Rg, selected from among Ci- alkyl, 2-6 membered
heteroalkyl, Ci- haloalkyl, C3_iocycloalkyl,
C4_i6cycloalkylalkyl, C -ioaryl, C7_i 6arylalkyl, 5-12
membered heteroaryl, 6-18 membered heteroarylalkyl,
3-14 membered heterocycloalkyl and 4-14 membered
heterocycloalkylalkyl; each Rf is a suitable
substituent and is independently selected in each case
from among-OR 8, -SR g, -NR gRg, -ONR gRg, -N(OR g)Rg,
-N(R h)NR gRg, halogen, -CN, -NC, -OCN, -SCN, -NO, -NO
2, - N3,-C(O)R g, -C(O)OR g, -C(O)NR gRg,-C(O)SR g,
-C(O)NR hNRgRg, -C(O)NR hORg, -[C(O)] 2NRgRg, -[C(O)NR
h]2Rg, -C(S)R g, -C(S)OR , -C(S)NR gRg, -C(S)SR ,
-C(NR h)R8, -N=CR 8R8, -C(NR h)OR 8, -C(NR h)NR 8R8,
-C(NR h)SR 8, -C(NR h)NR hNR8R8, -C(NOR h)R8, -C(NOR
h)NR 8R8, -C(NNR hRh)R8, -C[NNR hC(O)NR hRh]R8,
-OS(O)R 8, -OS(O)OR 8, -OS(O)NR 8R8, -OS(O) 2R8,
-OS(O) 2OR8, -OS(O) 2NR8R8, -OC(O)R 8, -OC(O)OR 8,
-OC(O)SR 8, -OC(O)NR 8R8, -O[C(O)] 2NR8R8, -O[C(O)NR
h]2NR8R8, -OC(S)R 8, -OC(NR h)R8, -OC(NR h)NR 8Rg,
-ONR hC(O)R 8, -S(O)R 8, -S(O)OR 8, -S(O)NR 8R8, -S(O)
2R8, -S(O) 2OR8, -S(O) 2NR8R8, -[S(O) 2]2NR8R8,
-SC(O)R 8, -SC(O)OR 8, -SC(O)NR 8R8, -SC(S)R 8, -SC(NR
h)R8, -SC(NR h)NR gRg, -NR hC(O)R g, -NR hC(O)OR g,
-NR hC(O)NR 8R8, -NR hC(O)SR 8, -NRhC(O)NR hNR8R8, -NR
hC(S)R 8, -NR 11C(S)NR 8R8, -NR hC(NR h)R8, -N=CR
8NRgRg, -NRhC(NR h)OR g, -NR hC(NR h)NR gRg, -NR hC(NR
h)SR g, -NR hC(NOR h)Rg, -NR hS(O)R g, -NR hS(O)OR g,
-NR hS(O) 2Rg, -NR hS(O) 2ORg, -NR hS(O) 2NRgRg, -NR
hNRhC(O)R 8, -NRhNRhC(O)NR gRg, -NR hNRhC(NR h)Rg, -NR
h[C(O)] 2Rg, -NR h[C(O)] 2ORg, -NRh[C(O)] 2NRgRg, -[NR
hC(O)] 2Rg,-[NR hC(O)] 2ORg, -NR h[S(O) 2]2Rg, -N(OR
h)C(O)R g, -N[C(0)R g]NR gRg, -N[C(O)R g]2, -N[S(O)
2Rg]2, -N{[C(O)] 2Rg}2, -N{[C(O)] 2ORg}2 and -N{[C(O)]
2NRgRg}2 as well as the bivalent substituents =0, =S,
=NR h, =N0R h, =NNR hRh and =NNR hC(0)NR hRh, while
these bivalent substituents may only be substituents
in nonaromatic ring systems; each Rg in each case
independently of one another denote hydrogen or a
group optionally substituted by one or more identical
or different Rh, selected from among C1^aIkVl, 2-6
membered heteroalkyl, Ci- haloalkyl, C3_iocycloalkyl,
C i cycloalkylalkyl, C -ioaryl, C7_i 6arylalkyl, 5-12
membered hetero-aryl, 6-18 membered heteroarylalkyl,
3-14 membered heterocycloalkyl and 4-14 membered
heterocycloalkylalkyl; each Rh is selected
independently of one another in each case from among
hydrogen, Ci_6alkyl, 2-6 membered heteroalkyl,
Ci_6haloalkyl, C3_iocycloalkyl, C4_i6Cycloalkylalkyl,
C -ioaryl, C7_i 6arylalkyl, 5-12 membered heteroaryl,
6-18 membered heteroarylalkyl, 3-14 membered
heterocycloalkyl and 4-14 membered
heterocycloalkylalkyl; while the compounds (1) may
optionally also be present in the form of the
tautomers, theracemates, the enantiomers, the
diastereomers, the mixtures thereof, the polymorphs
thereof or as pharmacologically acceptable salts of
all the above-mentioned forms; with the proviso that
the compound L-(5- r
-butyl-3-{[(2-dimethylamino-ethyl)-methyl-amino]-methy
l}-2-methoxy-phenyl)- 4-methyl-3-(4-pyridin-3-yl-[
1.2.3]triazol- 1-yl)-benzamide is excluded. In one
aspect (Al) the invention relates to compounds of
general formula (1) (D , wherein R1 denotes a
5-10-membered heteroaryl, optionally substituted by
one or more identical or different group(s), each
independently selected from among Ra and Rb; R2 has
the partial structure (i) or (ii) R3 is selected from
among hydrogen, halogen, -CN, -NO 2, -NR hRh, -OR h,
-C(O)R h, -C(O)NRhRh, -SR h, -S(O)R h, -S(O) 2Rh, d
_4alkyl, Ci_4haloalkyl, C3-7cycloalkyl and 3-7
membered heterocycloalkyl; R5 is selected from among
-OCi_6alkyl, Ci- haloalkyl, -OCi- haloalkyl,
C3_7cycloalkyl, 3-7 membered heterocycloalkyl, all the
above-mentioned groups optionally being substituted by
Ci_6alkyl, -CN or -OH;a) where partial structure (i)
is present one of the groups R6, R7 or R and b) where
partial structure (ii) is present one of the groups R6
or R7 has one of the partial structures (iii) to (vi)
('") ("V) (v) (vi) and in case a) the other two groups
in each case independently of one another and in case
b) the second group is/are selected from among
hydrogen, Ci_6alkyl, -OCi_6alkyl, -OH, 



-CN, -NHCi_6alkyl, -N(Ci_6alkyl)2 and halogen; R9 is
selected from among hydrogen and Ci_6alkyl, R10 is
selected from among Ra and -OR a, or the group -NR
9R10 altogether denotes a nitrogen-containing, 3-14
membered heterocycloalkyl or 5-12 membered heteroaryl,
optionally substituted by one or more identical or
different group(s) selected from among Ra and Rb; R11,
R12 and R13 each independently of one another
correspond to a group Ra, or R11 corresponds to a
group Ra and the group -NR 12R13 altogether denotes a
nitrogencontaining, 3-14-membered heterocycloalkyl,
optionally substituted by one or more identical or
different group(s) selected from among Ra and Rb, or
R11 and R12 together with the atoms to which they are
bound form a nitrogen-containing, 4-14 membered
heterocycloalkyl, optionally substituted by one or
more identical or different group(s) selected from
among Ra and Rb, and R13 corresponds to a group Ra;
R14, R15 and R16 each independently of one another
correspond to a group Ra,or R14 corresponds to a group
Ra and the group NR15R16 altogether denotes a
nitrogencontaining, 3-14-membered heterocycloalkyl,
optionally substituted by one or more identical or
different group(s) selected from among Ra and Rb, or
R14 and R15 together with the atoms to which they are
bound form a nitrogen-containing, 4-14 membered
heterocycloalkyl, optionally substituted by one or
more identical or different group(s) selected from
among Ra and Rb, and R16 corresponds to a group Ra;
R17, R18 and R19 each independently of one another
correspond to a group Ra, or R17 and R18 together with
the atoms to which they are bound form a
nitrogen-containing, 3-14 membered heterocycloalkyl,
optionally substituted by one or more identical or
different group(s) selected from among Ra and Rb, and
R19 corresponds to a group Ra, or R17 and R19 together
with the atoms to which they are bound form a
nitrogen-containing, 4-14 membered heterocycloalkyl,
optionally substituted by one or more identical or
different group(s) selected from among Ra and Rb, and
R18 corresponds to a group Ra, or R18 and R19 together
with the atoms to which they are bound form a
nitrogen-containing, 4-14 membered heterocycloalkyl,
optionally substituted by one or more identical or
different group(s) selected from among Ra and Rb, and
R17 corresponds to a group Ra; L is selected from
among -C(O)NH-, -NHC(O)-, -C(S)NH-, -NHC(S)-, -C(O)-,
-C(S)-, -NH-, -S(O)-, -S(O)O-, -S(O) 2- , -S(O) 2O-,
-S(O)NH-, -S(O) 2NH-, -OS(O)-, -OS(O)2- , -OS(O)NH-,
-OS(O) 2NH-, -C(O)O-, -C(O)S-, -C(NH)NH-, -OC(O)-,
-OC(O)O-, -OC(O)NH-, -SC(O)-, -SC(O)O-, -SC(O)NH-,
-NHC(NH)- -NHS(O)-, -NHS(O)O-, -NHS(O) 2- , -NHS(O)
2O-, -NHS(O) 2NH-, -NHC(O)O-, -NHC(O)NHand -NHC(S)NH-
or denotes a bond;Y is selected from among -O- and -S-
or denotes a bond; x and y each independently of one
another have the value 0, 1, 2 or 3; each Ra denotes,
independently of one another in each case, hydrogen or
a group optionally substituted by one or more
identical or different Rb and/or Rc, selected from
among Ci- alkyl, 2-6 membered heteroalkyl, Ci-
haloalkyl, C3_iocycloalkyl, C i cycloalkylalkyl, C
-ioaryl, C7-16arylalkyl, 5-12 membered hetero-aryl,
6-18 membered heteroarylalkyl, 3-14 membered
heterocycloalkyl and 4-14 membered
heterocycloalkylalkyl; each Rb denotes a suitable
substituent and is independently selected in each case
from among -OR C, -SR C, -NR CRC, -ONR CRC, -N(OR
C)RC, -NR gNRcRc, halogen, -CN, -NC, -OCN, -SCN, -NO,
-NO 2, -N3,-C(O)R C, -C(O)OR C, -C(O)NR CRC, -C(O)SR
C, -C(0)NR gNRcRc, -C(O)NR gORc, -[C(O)] 2NRCRC,
-[C(O)NR S]2RC, -C(S)R C, -C(S)OR C, -C(S)NRCRC,
-C(S)SR C, -C(NR g)Rc, -N=CR CRC, -C(NR g)ORc, -C(NR
g)NRcRc, -C(NRg)SRc, -C(NR g)NRgNRcRc, -C(NOR g)Rc,
-C(NOR g)NRcRc, -C(NNR gRg)Rc, -C[NNRgC(O)NRgRg]Rc,
-OS(O)R C, -OS(O)OR C, -OS(O)NR CRC, -OS(O) 2R ,
-OS(O)2OR , -OS(O) 2NRCRC, -OC(O)R C, -OC(O)OR ,
-OC(O)SR C, -0C(0)NR cRc, -0[C(0)] 2NRcRc, -0[C(0)NR
g]2NRcRc, -OC(S)R C, -OC(NR g)Rc, -0C(NR g)NRcRc, -0NR
gC(0)R c, -S(O)R C, -S(O)OR C, -S(O)NR CRC, -S(O) 2RC,
-S(O) 2ORC, -S(O) 2NRCRC, -[S(O)2]2NRCRC, -SC(O)R C,
-SC(O)OR C, -SC(O)NR CRC, -SC(S)R C, -SC(NR g)Rc,
-SC(NRg)NRcRc, -NR gC(0)R c, -NR gC(0)0R c, -NR
gC(O)NRcRc, -NR gC(O)SRc, -NRgC(O)NRgNRcRc, -NR
gC(S)Rc, -NR gC(S)NRcRc, -NR gC(NRg)Rc, -N=CR CNRCRC,
-NRgC(NRg)0R c, -NR gC(NRg)NRcRc, -NR gC(NRg)SRc, -NR
gC(N0R g)Rc, -NR gS(O)Rc, -NRgS(O)ORc, -NR gS(0) 2Rc,
-NR gS(O)2ORc, -NR gS(0) 2NRcRc, -NR gNRgC(0)R c,
-NRgNRgC(O)NRcRc, -NR gNRgC(NRg)Rc, -NR g[C(0)] 2Rc,
-NR s[C(0)] 20 Rc, -NRg[C(0)] 2NRcRc, -[NR gC(0)] 2Rc,
-[NR gC(0)] 20 Rc, -NR g[S(O)2]2Rc, -N(0R g)C(0)R c,
-N[C(O)R C]NRCRC, -N[C(O)R C]2, -N[S(O) 2RC]2,
-N{[C(O)] 2RC}2, -N{[C(O)] 2ORC}2 and
-N{[C(O)]2NRCRC}2 as well as the bivalent substituents
=0, =S, =NRg, =N0R g, =NNRgRg and =NNRgC(0)NR gRg,
while these bivalent substituents may only be
substituents in nonaromatic ring systems; each Rc
denotes, independently of one another in each case,
hydrogen or a groupoptionally substituted by one or
more identical or different Rd and/or Re, selected
from among d^alkyl, 2-6 membered heteroalkyl, Ci-
haloalkyl, C3_iocycloalkyl, C4_i6cycloalkylalkyl, C
-ioaryl, C7_i 6arylalkyl, 5-12 membered heteroaryl,
6-18 membered heteroarylalkyl, 3-14 membered
heterocycloalkyl and 4-14 membered
heterocycloalkylalkyl; each Rd denotes a suitable
substituent and is independently selected in each case
from among -OR e, -SR e, -NR eRe, -ONR eRe, -N(OR
e)Re, -N(R g)NR eRe, halogen, -CN, -NC, -OCN, -SCN,
-NO, -NO 2, - N3,-C(O)R e, -C(O)OR e, -C(O)NR eRe,
-C(O)SR e, -C(0)NR gNReRe, -C(O)NR gORe, -[C(O)]
2NReRe, -[C(O)NR J2R6, -C(S)R e, -C(S)OR e, -C(S)NR
eRe, -C(S)SR e, -C(NR g)Re, -N=CR eRe, -C(NR g)OR e,
-C(NR 8)NR 6R6, -C(NR g)SR e, -C(NR 8)NR 8NR6R6,
-C(NOR g)Re, -C(NOR g)NR eRe, -C(NNR gRg)Re, -C[NNR
gC(O)NR gRg]Re, -OS(O)R e, -OS(O)OR e, -OS(O)NR eRe,
-OS(O) 2R , -OS(O) 2OR , -OS(O) 2NR6R6, -OC(O)R 6,
-OC(O)OR e, -OC(O)SR e, -OC(O)NR eRe, -0[C(0)] 2NReRe,
-0[C(0)NR g]2NReRe, -OC(S)R e, -0C(NR g)Re, -0C(NR
g)NR eRe, -0NR gC(0)R e, -S(O)R e, -S(O)OR e, -S(0)NR
eRe, -S(O) 2R , -S(O) 2OR6, -S(O) 2NR R , [S(O)
2]2NR6R6, -SC(O)R 6, -SC(O)OR 6, -SC(O)NR 6R6, -SC(S)R
6, -SC(NR g)R6, -SC(NR g)NR 6R6, -NR C(O)R 6, -NR
C(O)OR 6, -NR 8C(O)NR 6R6, -NR 8C(O)SR 6, -NR8C(O)NR
NR6R6, -NR 8C(S)R 6, -NR 8C(S)NR 6R6, -NR 8C(NR 8)R6,
-N=CR 6NR6R6, -NR8C(NR 8)OR 6, -NR 8C(NR 8)NR 6R6, -NR
8C(NR 8)SR 6, -NR 8C(NOR 8)R6, -NR 8S(O)R 6,
-NR8S(O)OR 6, -NR 8S(O) 2R6, -NR 8S(O) 2OR , -NR gS(0)
2NReRe, -NR 8NR8C(O)R 6, -NR8NR8C(O)NR 6R6, -NR
8NR8C(NR 8)R6, -NR 8[C(O)] 2R6, -NR 8[C(O)] 2OR6,
-NR8[C(0)] 2NR6R6, -[NR 8C(O)J 2R6, -[NR 8C(O)] 2OR6,
-NR^S(O) 2J2R6, -N(0R 8)C(0)R 6, -N[C(O)R 6JNR6R6,
-N[C(O)R 6J2, -N[S(O) 2R6J2, -N ([C(O)J 2R6 2,
-N{[C(O)] 2ORe}2 and -N ([C(O)J 2NR6R6) 2 as well as
the bivalent substituents =0, =S, =NR 8, =N0R 8, =NNR
8R8 and =NNR 8C(O)NR 8R8, while these bivalent
substituents may only be substituents in nonaromatic
ring systems; each Re denotes, independently of one
another in each case, hydrogen or a group optionally
substituted by one or more identical or different Rf
and/or Rg, selected from among d - alkyl, 2-6 membered
heteroalkyl, Ci- haloalkyl, Cs-iocycloalkyl, C
-ioaryl, C7-16arylalkyl, 5-12 membered heteroaryl,
6-18 memberedheteroarylalkyl, 3-14 membered
heterocycloalkyl and 4-14 membered
heterocycloalkylalkyl; each Rf denotes a suitable
substituent and is independently selected in each case
from among -OR g, -SR g, -NR gRg, -ONR gRg, -N(OR
g)Rg, -N(R h)NR gRg, halogen, -CN, -NC, -OCN, -SCN,
-NO, -NO 2, - N3,-C(O)R g, -C(O)OR , -C(0)NR gRg,
-C(O)SR , -C(O)NR 11NR8R8, -C(O)NR hOR8, -[C(O)J
2NR8R8, -[C(0)NR h]2Rg, -C(S)R 8, -C(S)OR 8, -C(S)NR
8R8, -C(S)SR 8, -C(NR h)R8, -N=CR 8R8, -C(NR h)0R g,
-C(NR h)NR 8R8, -C(NR h)SR 8, -C(NR h)NR hNR8R8,
-C(N0R h)R8, -C(NOR h)NR 8R8, -C(NNR hRh)Rg, -C[NNR
hC(0)NR hRh]R8, -OS(O)R 8, -OS(O)OR 8, -OS(O)NR 8R8,
-OS(O) 2R8, -OS(O) 2OR8, -OS(O) 2NR8R8, -OC(O)R 8,
-OC(O)OR 8, -OC(O)SR 8, -OC(O)NR 8R8, -O[C(O)] 2NR8R8,
-O[C(O)NR h]2NR8R8, -OC(S)R 8, -0C(NR h)R8, -0C(NR
h)NR 8Rg, -0NR hC(0)R 8, -S(O)R 8, -S(O)OR 8, -S(O)NR
8R8, -S(O) 2R8, -S(O) 2OR8, -S(O) 2NR8R8, [S(O)
2]2NRgRg, -SC(O)R 8, -SC(O)OR 8, -SC(O)NR 8R8, -SC(S)R
8, -SC(NR h)R8, -SC(NR h)NR 8R8, -NR hC(0)R 8, -NR
hC(0)0R 8, -NR hC(O)NR 8R8, -NR hC(O)SR 8, -NRhC(O)NR
hNR8R8, -NR hC(S)R 8, -NR hC(S)NR 8R8, -NR hC(NR h)R8,
-N=CR 8NR8R , -NRhC(NR h)0R 8, -NR hC(NR h)NR 8R8, -NR
hC(NR h)SR 8, -NR hC(N0R h)R8, -NR hS(0)R 8, -NR
hS(0)0R g, -NR 11S(O) 2R8, -NR 11S(O) 2OR8, -NR 11S(O)
2NR8R8, -NR hNRhC(O)R g, -NRhNRhC(O)NR 8R8, -NR
hNRhC(NR h)R8, -NR h[C(O)] 2R8, -NR h[C(O)] 2OR8, 



-NRh[C(O)] 2NR8R8, -[NR hC(O)] 2R8,-[NR hC(0)] 20 Rg,
-NR h[S(O) 2]2Rg, -N(0R h)C(0)R g, -N[C(0)R g]NR gRg,
-N[C(O)R 2, -N[S(O) 2R8 2, -N {[C(O)] 2RS}2, -N
{[C(O)] 2ORg}2 and -N{[C(O)] 2NRgRg}2 as well as the
bivalent substituents =0, =S, =NRh, =N0R h, =NNR hRh
and =NNR hC(0)NR hRh, while these bivalent
substituents may only be substituents in nonaromatic
ring systems; each Rg denotes, independently of one
another in each case, hydrogen or a group optionally
substituted by one or more identical or different Rh,
selected from among Ci- alkyl, 2-6 membered
heteroalkyl, Ci- haloalkyl, C3_iocycloalkyl,
C4_i6cycloalkylalkyl, C -ioaryl, C7_i 6arylalkyl, 5-12
membered hetero-aryl, 6-18 membered heteroarylalkyl,
3-14 membered heterocycloalkyl and 4-14 membered
heterocycloalkylalkyl; each Rh is selected
independently of one another in each case from among
hydrogen, Ci- alkyl, 2-6 membered heteroalkyl, Ci-
haloalkyl, C3_i 0cycloalkyl, C4_i6cycloalkylalkyl,C
-ioaryl, C i arylalkyl, 5-12 membered heteroaryl, 6-18
membered heteroarylalkyl, 3-14 membered
heterocycloalkyl and 4-14 membered
heterocycloalkylalkyl; while the compounds (1) may
optionally also be in the form of the tautomers, the
racemates, the enantiomers, the diastereomers, the
mixtures thereof, the polymorphs thereof or as
pharmacologically acceptable salts of all the
above-mentioned forms; with the proviso that the
compound L-(5- r
-butyl-3-{[(2-dimethylamino-ethyl)-methyl-amino]-methy
l}-2-methoxy-phenyl)- 4-methyl-3-(4-pyridin-3-yl-[
1.2.3]triazol- 1-yl)-benzamide is excluded. In another
aspect (Bl) the invention relates to compounds (1),
wherein R1 denotes a heteroaryl selected from among
pyridyl, pyrimidyl, thiazolyl, imidazolyl, pyrazolyl,
In another aspect (B2) the invention relates to
compounds (1), wherein R1 is mono- or polysubstituted
by identical or different groups and the group(s)
is/are each independently selected from among
Ci_6alkyl, 2-6 membered heteroalkyl, Ci- haloalkyl,
C3-iocycloalkyl, C i cycloalkylalkyl, C -ioaryl, C7-1
6aiylalkyl, 5-12 membered heteroaryl, 6-18 membered
heteroarylalkyl, 3-14 membered heterocycloalkyl, 4-14
membered heterocycloalkylalkyl, -OH, -OCi_6alkyl, -NH
2, -NHCi_6alkyl, -NHCs-iocycloalkyl, -N(Ci_6alkyl)2,
-NHC(O)Ci_ 6alkyl, -NHC(O)OCi_ 6alkyl, -NHC(O)NHC i
_6alkyl, halogen, -C(O)Ci_ 6alkyl, -C(O)C
3-Iocycloalkyl, -Sd^alkyl, -C(O)OC i _6alkyl,-C(O)NHC
i _6alkyl, -CN and -NHC(O)C 3-7cycloalkyl, all the
above-mentioned groups optionally themselves being
substituted by a substituent selected from among -OH,
-OCi_6alkyl, -OCs-iocyeloalkyl, -NH 2, -NHCi_6alkyl,
-NHCi_6haloalkyl, -NHCs-iocycloalkyl, -N(Ci_6alkyl)2,
halogen, -C(O)OCi_ 6alkyl, d 6alkyl and 3-14 membered
heterocycloalkyl. In another aspect (Cl) the invention
relates to compounds (1), wherein R3 is selected from
among methyl, trifluoromethyl, ethyl, o-propyl,
1-propyl, 1-butyl, 2-butyl, tert-butyi, fluorine,
chlorine and bromine. In another aspect (Dl) the
invention relates to compounds (1), wherein L is
selected from among -C(O)NH- and -NHC(O)-. In another
aspect (A2) the invention relates to compounds (1),
wherein R5 is selected from among In another aspect
(A3) the invention relates to compounds (1), wherein
a) where partial structure (i) is present one of the
groups R6, R7 or R8 and b) where partial structure
(ii) is present one of the groups R6 or R7has one of
the partial structures (iii-a) to (iii-h) and R9 and
R10 are as hereinbefore defined. In another aspect
(A4) the invention relates to compounds (1), wherein
a) where partial structure (i) is present one of the
groups R6, R7 or R8 has the partial structure (iii-a),
(iii-b) or (iii-c), or one of the groups R6 or rR, 7
has the partial structure (iii-d), or R7 has the
partial structure (iii-e), (i-f), (i-g) or (iii-h);
and b) where partial structure (ii) is present R7 has
the partial structure (iii-a). In another aspect (D2)
the invention relates to compounds (1), wherein L
denotes-NHC(O)-. In another aspect (El) the invention
relates to compounds (1), wherein L denotes-C(O)NH-;
the partial structure (i) is present and one of the
groups R6, R7 or R8 has the partial structure (iii-a)
or R7 has the partial structure (iii-d). In another
aspect (A5) the invention relates to compounds (1),
wherein a) where partial structure (i) is present R7
has the partial structure (iii-a), (iii-b), (iii-c),
(iii-d), (iii-e), (i-f), (i-g) or (iii-h), R6 is
selected from among hydrogen, C^alkyl, -OCi- alkyl,
chlorine and fluorine and R8 is selected from among
hydrogen, Ci_6alkyl and -OCi_6alkyl; or R6 has the
partial structure (iii-a), (iii-b), (iii-c), (iii-d),
(iii-e), (iii-f), (i-g) or (iii-h) and R7 and R8
denote hydrogen; or R8 has the partial structure
(iii-a), (iii-b), (iii-c), (iii-d), (iii-e), (iii-f),
(i-g) or (iii-h) and R6 and R7 denote hydrogen; and b)
where partial structure (ii) is present R7 has the
partial structure (iii-a), (iii-b), (iii-c), (iii-d),
(iii-e), (iii-f), (i-g) or (iii-h) and R6 denotes
hydrogen. In another aspect (A6) the invention relates
to compounds (1), wherein the partial structure (i) is
present and R7 has the partial structure (iv). In
another aspect (D3) the invention relates to compounds
(1), whereinL denotes-NHC(O)-. In another aspect (A7)
the invention relates to compounds (1), wherein R6 and
R8 each denote hydrogen. In another aspect (A8) the
invention relates to compounds (1), wherein R10 and
R13 are each independently of one another selected
from among Ral and -OCi_6alkyl; Ral denotes hydrogen
or a group optionally substituted by one or more
identical or different Rbl and/or Rcl , selected from
among Ci_6alkyl, C3_iocycloalkyl, 6-18 membered
heteroarylalkyl, 3-14 membered heterocycloalkyl and
4-14 membered heterocycloalkylalkyl; each Rbl denotes
a suitable substituent and is independently selected
in each case from among -OR cl , -NR clRcl , -C(O)R cl
, -C(O)NR clRcl , -NHC(O)R cl as well as the bivalent
substituent =0, while the latter may only be a
substituent in non-aromatic ring systems; each Rcl
denotes, independently of one another in each case,
hydrogen or a group optionally substituted by one or
more identical or different Rdl and/or Rel , selected
from among Ci- alkyl, 5-12 membered heteroaryl and
3-14 membered heterocycloalkyl; each Rdl denotes the
bivalent substituent =0, which may only be a
substituent in nonaromatic ring systems; and each Rel
is selected independently in each case from among
hydrogen, and 3-14 membered heterocycloalkyl; or the
groups -NR 9R10 and -NR 12R13 altogether and
independently of one another represent in each case a
nitrogen-containing, 3-14 membered heterocycloalkyl or
5-12 membered heteroaryl, in each case optionally
substituted by one or more identical or different
group(s) selected from among Ra2 and Rb2; each Ra2
denotes a group optionally substituted by one or more
identical or different Rb2and/or Rc2, selected from
among Ci_6alkyl, C3_iocycloalkyl, C i cycloalkylalkyl,
C -ioaryl, 5-12 membered heteroaryl, 6-18 membered
heteroarylalkyl and 3-14 membered heterocycloalkyl;
each Rb2 denotes a suitable substituent and is
independently selected in each case from among -OR c2,
-NR c2Rc2, halogen as well as the bivalent substituent
=0, while the latter may only be a substituent in
non-aromatic ring systems; each Rc2 is selected
independently in each case from among hydrogen,
Ci-6alkyl, C3_iocycloalkyl and 5-12 membered
heteroaryl. In another aspect (A9) the invention
relates to compounds (1), wherein R 10 and R 13 are
selected independently in each case from among methyl;
ethyl; allyl; 2-propyl; 2-hydroxyethyl; 2-aminoethyl;
2-methoxyethyl; 2,2-dimethoxyethyl; 



2,3-dihydroxypropyl; 2-methylpropyl; cyclopropyl;
cyclobutyl; cyclopentyl; 1,1-dimethylethyl; methoxy;
2,2-dimethylpropyl; or the groups -NR R and -NR,12
tR,13 altogether and independently of one another
denoteor R13 denotes d _6alkyl and R11 and R12
together with the atoms to which they are bound form a
heterocycloalkyl, selected from among13 N y R Y f and
All the structural aspects mentioned hereinbefore
relating to different molecular parts of the compounds
according to the invention (1) maybe combined with one
another in any desired manner, to produce preferred
compounds (1). The invention expressly includes all
the combinations of the aspects Al - A9, Bl and B2,
Cl, Dl - D3 and El with one another. In another aspect
the invention relates to compounds - or the
pharmacologically acceptable salts - of general
formula (1) as medicaments. In another aspect the
invention relates to pharmaceutical preparations,
containing as active substance one or more compounds
of general formula (1) or the pharmacologically
acceptable salts thereof, optionally in combination
with conventional excipients and/or carriers.In
another aspect the invention relates to the use of
compounds of general formula (1) for preparing a
pharmaceutical composition for the treatment and/or
prevention of cancer, infections, inflammations and
autoimmune diseases. In another aspect the invention
relates to a pharmaceutical preparation comprising a
compound of general formula (1), while the compounds
(1) are optionally also in the form of the tautomers,
the racemates, the enantiomers, the diastereomers, the
mixtures thereof, the polymorphs thereof or as
pharmacologically acceptable salts of all the
abovementioned forms, and at least one other
cytostatic or cytotoxic active substance different
from formula (1). Definitions As used herein, the
following definitions apply, unless stated otherwise:
The use of the prefix Cx-y, where x and y in each case
denote a natural number (x < y), indicates that the
chain or ring structure or the combination of chain
and ring structure mentioned and specified in direct
connection may consist of a maximum of y and a minimum
of x carbon atoms altogether. The indication of number
of members in groups that contain one or more
heteroatom(s) (heteroalkyl, heteroaryl,
heteroarylalkyl, heterocycloalkyl,
heterocycloalkylalkyl) refers to the total number of
atoms in all the ring members or chain members or the
total of all the ring members and chain members. Alkyl
is made up of the sub-groups saturated hydrocarbon
chains and unsaturated hydrocarbon chains, while the
latter may be further subdivided into hydrocarbon
chains with a double bond (alkenyl) and hydrocarbon
chains with a triple bond (alkynyl). Alkenyl contains
at least one double bond, alkynyl at least one triple
bond. If a hydrocarbon chain should have both at least
one double bond and at least one triple bond, by
definition it belongs to the alkynyl sub-group. All
the above-mentioned sub-groups may be further
subdivided into straight-chain (unbranched) and
branched. If an alkyl is substituted, it may be mono-
or polysubstituted independently of one another at all
thehydrogen-carrying carbon atoms. Examples of
individual sub-groups are listed below. Straight-chain
(unbranched) or branched, saturated hydrocarbon
chains: methyl; ethyl; -propyl; isopropyl
(1-methylethyl); -butyl; 1-methylpropyl; isobutyl
(2-methylpropyl); sec. -butyl (1-methylpropyl); tert.
-butyl (1.1 -dimethylethyl); n-pentyl; 1-methylbutyl;
1-ethylpropyl; isopentyl (3-methylbutyl); neopentyl
(2,2-dimethyl-propyl); n-hexyl; 2,3-dimethylbutyl;
2,2-dimethylbutyl; 3,3-dimethylbutyl; 2-methyl-pentyl;
3-methylpentyl; n-heptyl; 2-methylhexyl;
3-methylhexyl; 2,2-dimethylpentyl; 2,3-dimethylpentyl;
2,4-dimethylpentyl; 3,3-dimethylpentyl;
2,2,3-trimethylbutyl; 3-ethylpentyl; n-octyl; n-nonyl;
n-decyl etc. straight-chained (unbranched) or branched
alkenyl: vinyl (ethenyl); prop-1-enyl; allyl
(prop-2-enyl); isopropenyl; but-1-enyl; but-2-enyl;
but-3-enyl; 2-methyl-prop-2-enyl;
2-methyl-prop-l-enyl; l-methyl-prop-2-enyl;
1-methyl-prop- 1-enyl; 1-methylidenepropyl;
pent-1-enyl; pent-2-enyl; pent-3-enyl; pent-4-enyl;
3-methyl-but-3-enyl; 3-methyl-but-2-enyl;
3-methyl-but- 1-enyl; hex- 1-enyl; hex-2-enyl;
hex-3-enyl; hex-4-enyl; hex-5-enyl;
2,3-dimethyl-but-3-enyl; 2,3-dimethylbut- 2-enyl;
2-methylidene-3-methylbutyl; 2,3-dimethyl-but- 1-enyl;
hexa-l,3-dienyl; hexa-l,4-dienyl; penta-l,4-dienyl;
penta-l,3-dienyl; buta-l,3-dienyl;
2,3-dimethylbuta-l,3-diene etc. straight-chain
(unbranched) or branched alkvnyl: ethynyl;
prop-1-ynyl; prop-2-ynyl; but-1-ynyl; but-2-ynyl;
but-3-ynyl; l-methyl-prop-2-ynyl etc. By the terms
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl,
decyl etc. unless otherwise stated are meant saturated
hydrocarbon groups with the corresponding number of
carbon atoms, including all the isomeric forms. By the
terms propenyl, butenyl, pentenyl, hexenyl, heptenyl,
octenyl, nonenyl, decenyl etc. unless otherwise stated
are meant unsaturated hydrocarbon groups with the
corresponding number of carbon atoms and a double
bond, including all the isomeric forms, also
(Z)I(E)-isomers, where applicable. By the terms
butadienyl, pentadienyl, hexadienyl, heptadienyl,
octadienyl, nonadienyl, decadienyl etc. unless
otherwise stated are meant unsaturated hydrocarbon
groups with the corresponding number of carbon atoms
and two double bonds, including all the isomeric
forms, also (Z)/(iT)-isomers, where applicable. By the
terms propynyl, butynyl, pentynyl, hexynyl, heptynyl,
octynyl, nonynyl, decynyl etc. unless otherwise stated
are meant unsaturated hydrocarbon groups with the
corresponding number of carbon atoms and a triple
bond, including all the isomeric forms. By the term
heteroalkyl are meant groups which are derived from
the alkyl as hereinbefore defined in its widest sense
by replacing, in the hydrocarbon chains, one or more
of the groups -CH 3 independently of one another by
the groups -OH, -SH or -NH , one or more of the groups
-CH 2- independently of one another by the groups -O-,
-S- or -NH- , one or more of the groups HI -c- by the
group - N- one or more of the groups =CH- by the group
=N-, one or more of the groups =CH by the group =NH or
one or more of the groups CH by the group N, while a
total of not more than three heteroatoms may be
present in one heteroalkyl, there must be at least one
carbon atom between two oxygen atoms and between two
sulphur atoms or between one oxygen and one sulphur
atom and the group as a whole must have chemical
stability. A direct result of the indirect
definition/derivation from alkyl is that heteroalkyl
is made up of the sub-groups saturated hydrocarbon
chains with heteroatom(s), heteroalkenyl and
heteroalkynyl, and it may be further subdivided into
straight-chain (unbranched) and branched. If a
heteroalkyl is substituted, it may be mono- or
polysubstituted independentlyof one another at all the
hydrogen-carrying oxygen, sulphur, nitrogen and/or
carbon atoms. Heteroalkyl itself as a substituent may
be attached to the molecule both through a carbon atom
and through a heteroatom. The following are listed by
way of example: dimethylaminomethyl;
dimethylaminoethyl (1- dimethylaminoethyl;
2-dimethylaminoethyl); dimethylaminopropyl
(1-dimethylaminopropyl, 2-dimethylaminopropyl,
3-dimethylaminopropyl); diethylaminomethyl;
diethylaminoethyl (1-diethylamino ethyl,
2-diethylamino ethyl); diethylaminopropyl
(1-diethylaminopropyl, 2- diethylamino-propyl,
3-diethylaminopropyl); diisopropylaminoethyl
(1-diisopropylaminoethyl, 2-diisopropylaminoethyl);
bis-2-methoxyethylamino;
[2-(dimethylamino-ethyl)-ethyl-amino]- methyl;
3-[2-(dimethylamino-ethyl)-ethyl-amino]-propyl;
hydroxymethyl; 2-hydroxyethyl; 3-hydroxypropyl;
methoxy; ethoxy; propoxy; methoxymethyl;
2-methoxyethyl etc. Haloalkyl is derived from alkyl as
hereinbefore defined in its broadest sense, by
replacing one or more hydrogen atoms of the
hydrocarbon chain independently of one another by
halogen atoms, which may be identical or different. A
direct result of the indirect definition/derivation
from alkyl is that haloalkyl is made up of the
sub-groups saturated hydrohalogen chains, haloalkenyl
and haloalkynyl, and it may be further subdivided into
straight-chain (unbranched) and branched. If a
haloalkyl is substituted, it may be monoor
polysubstituted independently of one another at all
the hydrogen-carrying carbon atoms. Typical examples
are listed below: -CF 3; -CHF 2; -CH 2F; -CF 2CF3;
-CHFCF 3; -CH2CF3; -CF 2CH3; -CHFCH 3; -CF2CF2CF3; -CF
2CH2CH3; -CF=CF 2; -CCl=CH 2; -CBr=CH2; -CI=CH 2;
-C=C-CF 3; -CHFCH 2CH3; 



-CHFCH2CF3, etc. Halogen encompasses fluorine,
chlorine, bromine and/or iodine atoms. Cycloalkyl is
made up of the sub-groups monocyclic hydrocarbon
rings, bicyclic hydrocarbon rings and spirohydrocarbon
rings, while each sub-group may be further subdivided
into saturated and unsaturated (cycloalkenyl). By
unsaturated is meant thatthere is at least one double
bond in the ring system, but no aromatic system is
formed. In bicyclic hydrocarbon rings two rings are
linked such that they share at least two carbon atoms.
In spirohydrocarbon rings one carbon atom (spiroatom)
is shared by two rings. If a cycloalkyl is
substituted, it may be mono- or polysubstituted
independently of one another at all the
hydrogen-carrying carbon atoms. Cycloalkyl itself as a
substituent may be attached to the molecule through
any suitable position of the ring system. The
following individual sub-groups are listed by way of
example: monocyclic hydrocarbon rings, saturated:
cyclopropyl; cyclobutyl; cyclopentyl; cyclohexyl;
cycloheptyl etc. monocyclic hydrocarbon rings,
unsaturated: cycloprop-1-enyl; cycloprop-2-enyl;
cyclobut-1-enyl; cyclobut-2-enyl; cyclopent-1-enyl;
cyclopent-2-enyl; cyclopent-3-enyl; cyclohex-1-enyl;
cyclohex-2-enyl; cyclohex-3-enyl; cyclohept-1-enyl;
cyclohept-2-enyl; cyclohept-3-enyl; cyclohept-4-enyl;
cyclobuta-1,3- dienyl; cyclopenta-l,4-dienyl;
cyclopenta-l,3-dienyl; cyclopenta-2,4-dienyl;
cyclohexa- 1,3-dienyl; cyclohexa-l,5-dienyl;
cyclohexa-2,4-dienyl; cyclohexa-l,4-dienyl; cyclohexa-
2,5-dienyl etc. bicyclic hydrocarbon rings (saturated
and unsaturated): bicyclo[2.2.0]hexyl;
bicyclo[3.2.0]heptyl; bicyclo[3.2.1]octyl;
bicyclo[2.2.2]octyl; bicyclo[4.3.0]nonyl
(octahydroindenyl); bicyclo[4.4.0]decyl
(decahydronaphthalene); bicyclo[2.2.1]heptyl
(norbornyl); (bicyclo[2.2.1]hepta-2,5-dienyl
(norborna-2,5-dienyl); bicyclo[2.2.1]hept-2-enyl
(norbornenyl); bicyclo[4.1.0]heptyl (norcaranyl);
bicyclo- [3.1.1]heptyl (pinanyl) etc. spirohydrocarbon
rings (saturated and unsaturated): spiro[2.5]octyl,
spiro[3.3]heptyl, spiro[4.5]dec-2-ene, etc.
Cycloalkylalkyl denotes the combination of the alkyl
and cycloalkyl groups defined hereinbefore, in each
case in their broadest sense. The alkyl group as
substituent is directly linked to the molecule and is
in turn substituted by a cycloalkyl group. The linking
of alkyland cycloalkyl in both groups may be effected
by means of any suitable carbon atoms. The sub-groups
of alkyl and cycloalkyl are also included in the
combination of the two groups. Aryl denotes mono-, bi-
or tricyclic carbon rings with at least one aromatic
ring. If an aryl is substituted, the substitution may
be mono- or polysubstitution in each case, at all the
hydrogen-carrying carbon atoms, independently of one
another. Aryl itself may be linked to the molecule as
substituent via any suitable position of the ring
system. Typical examples are listed below: phenyl,
naphthyl, indanyl (2,3-dihydroindenyl),
1,2,3,4-tetrahydronaphthyl; fluorenyl, etc. Arylalkyl
denotes the combination of the groups alkyl and aryl
as hereinbefore defined, in each case in their
broadest sense. The alkyl group as substituent is
directly linked to the molecule and is in turn
substituted by an aryl group. The alkyl and aryl may
be linked in both groups via any carbon atoms suitable
for this purpose. The respective sub-groups of alkyl
and aryl are also included in the combination of the
two groups. Typical examples are listed below: benzyl;
1-phenylethyl; 2-phenylethyl; phenylvinyl; phenylallyl
etc. Heteroaryl denotes monocyclic aromatic rings or
polycyclic rings with at least one aromatic ring,
which, compared with corresponding aryl or cycloalkyl,
contain instead of one or more carbon atoms one or
more identical or different heteroatoms, selected
independently of one another from among nitrogen,
sulphur and oxygen, while the resulting group must be
chemically stable. If a heteroaryl is substituted, the
substitution may be mono- or polysubstitution in each
case, at all the hydrogen-carrying carbon and/or
nitrogen atoms, independently of one another.
Heteroaryl itself as substituent may be linked to the
molecule via any suitable position of the ring system,
both carbon and nitrogen. Typical examples are listed
below. monocyclic heteroaryls: furyl; thienyl;
pyrrolyl; oxazolyl; thiazolyl; isoxazolyl;
isothiazolyl; pyrazolyl; imidazolyl; triazolyl;
tetrazolyl; oxadiazolyl; thiadiazolyl; pyridyl;
pyrimidyl; pyridazinyl; pyrazinyl;triazinyl;
pyridyl-iV-oxide; pyrrolyl-JV-oxide;
pyrimidinyl-JV-oxide; pyridazinyl-JV-oxide;
pyrazinyl-7V-oxide; imidazolyl-iV-oxide;
isoxazolyl-iV-oxide; oxazolyl-iV-oxide; thiazolyl-
N-oxide; oxadiazolyl-iV-oxide; thiadiazolyl-7V-oxide;
triazolyl-iV-oxide; tetrazolyl- -oxide etc. polycyclic
heteroaryls: indolyl; isoindolyl; benzofuryl;
benzothienyl; benzoxazolyl; benzothiazolyl;
benzisoxazolyl; benzisothiazolyl; benzimidazolyl;
indazolyl; isoquinolinyl; quinolinyl; quinoxalinyl;
cinnolinyl; phthalazinyl; quinazolinyl;
benzotriazinyl; indolizinyl; oxazolopyridyl;
imidazopyridyl; naphthyridinyl; indolinyl;
isochromanyl; chromanyl; tetrahydroisoquinolinyl;
isoindolinyl; isobenzotetrahydrofuryl;
isobenzotetrahydrothienyl; isobenzothienyl;
benzoxazolyl; pyridopyridyl; benzotetrahydrofuryl;
benzotetrahydrothienyl; purinyl; benzodioxolyl;
phenoxazinyl; phenothiazinyl; pteridinyl;
benzothiazolyl; imidazopyridyl; imidazothiazolyl;
dihydrobenzisoxazinyl; benzisoxazinyl; benzoxazinyl;
dihydrobenzisothiazinyl; benzopyranyl;
benzothiopyranyl; cumarinyl; isocumarinyl; chromonyl;
chromanonyl; tetrahydroquinolinyl; dihydroquinolinyl;
dihydroquinolinonyl; dihydroisoquinolinonyl;
dihydrocumarinyl; dihydroisocumarinyl; isoindolinonyl;
benzodioxanyl; benzoxazolinonyl; quinolinyl-JV-oxide;
indolyl-iV-oxide; indolinyl-JV-oxide;
isoquinolyl-iV-oxide; quinazolinyl-JV-oxide;
quinoxalinyl-JV-oxide; phthalazinyl-JV-oxide;
indolizinyl-iV-oxide; indazolyl- -oxide;
benzothiazolyl-JV-oxide; benzimidazolyl- -oxide;
benzo-thiopyranyl-^-oxide and benzothiopyranyl-^,
-dioxide etc. Heteroarylalkyl denotes the combination
of the alkyl and heteroaryl groups defined
hereinbefore, in each case in their broadest sense.
The alkyl group as substituent is directly linked to
the molecule and is in turn substituted by a
heteroaryl group. The linking of the alkyl and
heteroaryl may be achieved on the alkyl side via any
carbon atoms suitable for this purpose and on the
heteroaryl side by any carbon or nitrogen atoms
suitable for this purpose. The respective sub-groups
of alkyl and heteroaryl are also included in the
combination of the two groups.By the term
heterocycloalkyl are meant groups which are derived
from the cycloalkyl as hereinbefore defined if in the
hydrocarbon rings one or more of the groups -CH - are
replaced independently of one another by the groups
-O-, -S- or -NH- or one or more of the groups =CH- are
replaced by the group =N-, while not more than five
heteroatoms may be present in total, there must be at
least one carbon atom between two oxygen atoms and
between two sulphur atoms or between one oxygen and
one sulphur atom and the group as a whole must be
chemically stable. Heteroatoms may simultaneously be
present in all the possible oxidation stages (sulphur
- sulphoxide -SO-, sulphone -SO - ; nitrogen -
N-oxide). It is immediately apparent from the indirect
definition/derivation from cycloalkyl that
heterocycloalkyl is made up of the sub-groups
monocyclic hetero-rings, bicyclic hetero-rings and
spirohetero-rings, while each sub-group can also be
further subdivided into saturated and unsaturated
(heterocycloalkenyl). The term unsaturated means that
in the ring system in question there is at least one
double bond, but no aromatic system is formed. In
bicyclic hetero-rings two rings are linked such that
they have at least two atoms in common. In
spirohetero-rings one carbon atom (spiroatom) is
shared by two rings. If a heterocycloalkyl is
substituted, the substitution may be mono- or
polysubstitution in each case, at all the
hydrogen-carrying carbon and/or nitrogen atoms,
independently of one another. Heterocycloalkyl itself
as substituent may be linked to the molecule via any
suitable position of the ring system. Typical examples
of individual sub-groups are listed below. monocyclic
heterorings (saturated and unsaturated):
tetrahydrofuryl; pyrrolidinyl; pyrrolinyl;
imidazolidinyl; thiazolidinyl; imidazolinyl;
pyrazolidinyl; pyrazolinyl; piperidinyl; piperazinyl;
oxiranyl; aziridinyl; azetidinyl; 1,4-dioxanyl;
azepanyl; diazepanyl; morpholinyl; thiomorpholinyl;
homornorpholinyl; homopiperidinyl; homopiperazinyl;
homothiomorpholinyl; thiomorpholinyl- -oxide;
thiomorpholinyl- S' S'-dioxide; 1,3-dioxolanyl;
tetrahydropyranyl; tetrahydrothiopyranyl;
[l,4]-oxazepanyl; tetrahydrothienyl;
homothiomorpholinyl-^^-dioxide; oxazolidinonyl;
dihydropyrazolyl; dihydropyrrolyl; dihydropyrazinyl;
dihydropyridyl; dihydropyrimidinyl; dihydrofuryl;
dihydropyranyl; tetrahydrothienyl-5-oxide;
tetrahydrothienyl- S,S-dioxide;
homothiomorpholmyl-S'-oxide; 2,3-dihydroazet;
2H-pyrrolyl; 4H-pyranyl; 1,4-dihydropyridinyl etc.
bicyclic heterorings (saturated and unsaturated):
8-azabicyclo[3.2.1]octyl; 8-azabicyclo[5.1.0]octyl;
2-oxa-5-azabicyclo[2.2.1]heptyl;
8-oxa-3-aza-bicyclo[3.2.1]octyl;
3,8-diaza-bicyclo[3.2.1]octyl; 2,5-diaza-bicyclo-
[2.2.1]heptyl; l-aza-bicyclo[2.2.2]octyl;
3,8-diaza-bicyclo[3.2.1]octyl; 3,9-diazabicyclo[
4.2.1]nonyl; 2,6-diaza-bicyclo[3.2.2]nonyl etc.
spiro-heterorings (saturated and unsaturated): 



l,4-dioxa-spiro[4.5]decyl;
l-oxa-3.8-diaza-spiro[4.5]decyl; and
2,6-diaza-spiro[3.3]heptyl; 2,7-diaza-spiro[4.4]nonyl;
2,6-diaza-spiro[3.4]octyl;
3,9-diaza-spiro[5.5]undecyl; 2,8-diaza-spiro[4.5]decyl
etc. Heterocycloalkylalkyl denotes the combination of
the alkyl and heterocycloalkyl groups defined
hereinbefore, in each case in their broadest sense.
The alkyl group as substituent is directly linked to
the molecule and is in turn substituted by a
heterocycloalkyl group. The linking of the alkyl and
heterocycloalkyl may be achieved on the alkyl side via
any carbon atoms suitable for this purpose and on the
heterocycloalkyl side by any carbon or nitrogen atoms
suitable for this purpose. The respective sub-groups
of alkyl and heterocycloalkyl are also included in the
combination of the two groups. By the term
"substituted" is meant that a hydrogen atom that is
bound directly to the atom under consideration is
replaced by another atom or another group of atoms.
Alternatively substitution may take place at an atom
if there are free electrons available at this atom.
Depending on the starting conditions (number of
hydrogen atoms, number of free electrons) mono- or
polysubstitution may take place at an atom. Thus, for
example, a free electron pair may be substituted by
two monovalent substituents. Bivalent substituents
such as for example =S, =NR, =NOR, =NNRR,
=NN(R)C(O)NRR, =N or the like may only be substituents
at carbon atoms, while the bivalent substituent =0 may
also be a substituent at heteroatoms. Generally
speaking, substitution by a bivalentsubstituent may
only take place at non-aromatic ring systems and
requires exchange for two geminal hydrogen atoms, i.e.
hydrogen atoms that are bound to the same carbon atom
saturated before the substitution or for a free
electron pair. Substitution by a bivalent substituent
is therefore only possible at the group -CH - or
heteroatoms of a non-aromatic ring system. In addition
to this, the term "suitable substituent" denotes a
substituent which is suitable, on the one hand, on
account of its valency and on the other hand leads to
a system with chemical stability. Groups or
substituents are frequently selected from among
alternative groups/ substituents with a corresponding
group designation (e.g. Ra, Rb etc). If a group of
thus kind used repeatedly to define a compound
according to the invention in different parts of the
molecule, it should always be borne in mind that the
respective uses are to be regarded as being totally
independent of one another. List of
abbreviationsAndrogen-dependent 1-f-aromatase reporter
gene The present invention relates to an
androgen-dependent 1-f-aromatase reporter gene and a
method for the production of the
1-f-aromatase-reporter gene and use thereof in a
method for identifying ligands of the androgen
receptor. Aromatase expression induced by androgens in
the central nervous system and hence the formation of
oestrogens is extraordinarily important in the
establishment of sex-specific behavioural reactions,
including the imprinting of sex identity, and the
regulation of the libido, in particular in the male
sex. In addition, aromatase expression induced by
androgens in the brain appears to have an important
role in processes such as learning and memory
(Wickelgren, I.; Science, Vol. 276: 675-678, 1997).
Positive effects from oestrogens have also been
described in neuroregenerative processes (Abe-Dohmae,
et al., J. Neurochem., Vol. 67: 2087-2095, 1996; I .
Azcoitia et al., 2001 , J. Neurobiol. 47: 3 18-329).
Induction or upregulation of the oestrogen receptor
and of neuronal oestrogen production seems to be part
of a repair mechanism in various neuronal injuries
(Dubai et al., 1999, J Neurosci 19:6385-6393;
Garcia-Segura et al., 1999, Neuroscience 89: 567-578;
Peterson et al., 2001 , J Neuroendocrinol 13: 3
17-323; Carswell et al., 2005, J.Steroid Biochem. MoI.
Biol. 96:89-91 ) . Oestrogens therefore represent an
important pharmacological option for the treatment or
prevention of neurodegenerative diseases. However,
their use, in both sexes, is restricted owing to
possible side effects in other organs. At present, no
in vitro test systems are available for determining
aromatase expression induced by androgens and thus the
brain-specific synthesis of oestrogens and for
identifying and characterizing substances that
influence aromatase activity. In vivo investigations
with the end points oestrogen concentration in the
brain, aromatase expression in the brain, aromatase
activity in brain samples or behavioural testing in
both sexes are known from the prior art.As already
mentioned, androgens induce aromatase expression,
mediated by their binding to the androgen receptor
(AR). The AR can either be activated or inactivated.
Examples of activation in the case of androgen
deficiency occur for example in sarcopenia,
hypogonadism, age-related hypogonadism and forms of
disturbance of libido and in erectile dysfunction in
men. Pharmacological inactivation of the AR is
important e.g. in benign and malignant diseases of the
prostate or in diseases that are linked to androgen
excess, e.g. certain forms of acne, hair loss, or
polycystic ovary and hirsutism in women. As a rule,
however, complete activation or deactivation of the
androgen receptor is not desirable, but rather a
tissue-selective action. For example, in the case of
male hypogonadism, AR-mediated activation of the
libido, of temperament and a bone- or muscle-anabolic
action is desirable, but no activation, rather a
neutral or an attenuating action on the prostate or
the skin. In the case when deactivation of the AR is
desirable, e.g. in malignant prostatic carcinomas or
alopecia, deactivation of the AR is disadvantageous
with respect to libido, bone metabolism etc. (S.S.Wolf
and M.Obendorf, 2004, "Selective androgen receptor
modulators (SARMs)"; in E. Nieschlag & H.M. Behre:
'Testosterone' 3rd. Edition; Cambridge University
Press, ISBN 0521 833809; 623-640). Hitherto, cell
culture or in vitro based assay systems have been
inadequate for finding and characterizing these
tissue-selective androgens or antiandrogens. This also
applies to determination of aromatase expression.
Accordingly, the aim is to provide a method by which
pharmacologically active substances can be identified
and characterized, said substances being characterized
in that they bring about a selective increase in
aromatase expression in the CNS and/or have a
tissue-selective influence on the activity of the AR.
This aim is achieved with a method in which, through
stimulation of aromataseexpression in a reporter gene
assay, substances can be identified that selectively
regulate oestrogen synthesis in the brain and exert a
tissue-selective influence on the androgen receptor.
It has been shown that there is androgendependent
regulation of the 1f-aromatase promoter. Human
aromatase is encoded in a gene that is located on
chromosome 15 (Chen, S. et al., (1988): Molec. Biol.,
Vol. 7 : 27-38). The human P450aromgene (CYP19)
comprises a 30 kb coding region and an approx. 93 kb
regulatory region (Bulun, S.E. et al., Semin Reprod
Med. Vol. 22: 5-9, 2004). The transcript consists of
10 exons, exon I being noncoding. The coding exons Il
to X are expressed identically in all tissues. To
date, splicing variants in the coding regions have not
yet been found in humans. For exon I, several variants
were discovered during sequencing of the mRNA from
various tissues (for a review, see: Harada, N.;
Utsumi, T. and Takagi, Y. Proc. Natl. Acad. Sci. USA,
90: 1131 2-1 1316, 1993, and Simpson, E. R.; Endocrine
Reviews, 15: 341 -355, 1994), which are expressed
tissue-specifically and all can be linked to the same
splicing site located at the start of exon Il (Fig. 1)
. The tissue-specific occurrence of the exon-l
sequences in mRNA can be explained by the use of
alternative promoters, which are located in the gene
before the respective exon-l variants. The activation
of these various promoters is subject to control that
has not yet been fully elucidated. Table 1 lists
examples of currently known uses of certain 5'
-untranslated exons of human aromatase in various
tissues according to Harada et al. ( 1993, Proc. Natl.
Acad. Sci. USA, Vol. 90: 11312-1 131 6).
Investigations to date, in particular of the two teams
around Harada (Harada, N. et al., ( 1993) Proc. Natl.
Acad. Sci. USA, Vol. 90: 11312-1 13 16) and Simpson
(Simpson, E. R.; Endocrine Reviews, Vol. 15: 341-355,
1994) showed, by sequencing the aromatase-mRNA, that
in most tissues several promoters can be used and
conversely one promoter can also be used in different
tissues (Table 1) .An exception to this seems to be
the promoter 1f, which as far as is known is used in
humans exclusively in neuronal tissues. In the brain,
androgens in particular have an effect on aromatase
expression (Abdelgadir, S. E. et al., Endocrinol.,
Vol. 135: 395-401 , 1994; Rosselli, C. E. et al.,
(1996) Endocrine, Vol. 5 : 59-65; Rosselli, C. E. et
al., ( 1997, Brain Research, Vol. 44:351 -357).
Despite this finding, the precise molecular mechanism
by 



which the androgen receptor (AR) regulates aromatase
expression in the brain is still unknown. It is true
that a putative AR responsible element in the
1faromatase promoter is mentioned in the literature,
but a functional involvement of the 1f-promoter in the
AR-mediated regulation of neuronal aromatase
expression has not yet been shown (Honda, S. et al.,
Biochem Biophys Res Commun 198 ( 1994), 1153-1 160. On
the contrary: the team that first described the
1f-aromatase promoter (S. Honda, et al., Biochem
Biophys Res Commun. 198 ( 1994), 1153-1 160) points in
later works to other regulators, which are not further
characterized (Honda, S.I. et al., J Steroid Biochem
MoI Biol. 79:255-60, 2001 ; Honda, S. et al., Brain
Res MoI Brain Res. 66: 122-32, 1999). The basis of the
present invention is the observation that control of
the 1faromatase exon is regulated exclusively by the
activities of the 1f-aromatase promoter and is not
dependent on the cellular context. By means of an in
vitro test system it was now possible to show the
influence of pharmacologically active substances on
the regulation of neuronal aromatase expression,
without having to use neuronal tissue, neuronal cells,
whole animals or extracts from the latter. Use of such
a test system makes possible and simplifies the
discovery and characterization of pharmacologically
active substances that either produce an increase in
aromatase expression selectively in the central
nervous system or are suitable for exerting a
tissue-selective influence on the activity of the AR.
The object of the present invention is therefore an in
vitro test system for theidentification and
characterization of substances that either bring about
an increase in aromatase expression selectively in the
central nervous system or are suitable for exerting a
tissue-selective influence on the activity of the AR,
said test system containing a fusion of reporter gene
and aromatase promoter. The tissue-specific regulation
of aromatase, i.e. the key enzyme in oestrogen
synthesis, is ultimately responsible for the targeted
provision of oestrogens in the various tissues. For
characterization of hormone-controlled aromatase
expression, established human cell lines are suitable
for these in vitro tests, correlation with the
tissuespecific in vivo expression being ensured by the
use of various promoters. The development of a
reporter gene assay is, in the case of the aromatase
promoter, a simple and elegant possibility for testing
the tissue-specific influence of particular substances
on expression by activation of an individual promoter.
In the case of the desired brain-specific expression,
this is the 1f-aromatase promoter according to the
invention. By comparing the activity of the
1f-aromatase promoter (1f-aro-promoter), which is
regulated in neuronal tissue by the AR, with the
activity of a promoter that is regulated in another
tissue by the AR or in general is regulated by AR, in
vitro characterization of substances active on the AR
with respect to tissue-selectivity is possible. The
promoter activity of the 1f-aromatase promoter then
serves as surrogate marker for AR-mediated activity in
neuronal tissues or in an even more generalized manner
as surrogate marker for AR-mediated activity other
than in the gonadal tissue (e.g. in men, other than in
the testis and prostate; in women, other than in the
ovary). By means of a reporter gene assay with the 1f
promoter of human aromatase, it is possible to
determine the regulation of neuronal aromatase
expression. The neuronal 1f-aromatase promoter, whose
sequence is known (Seq ID # 1) , is put in front of a
reporter gene. The promoter-reporter gene fusion is
transfected into a target line in a transient or
stable manner. Expression of luciferase takesplace as
a function of the 1f-promoter, and the activity of the
aromatase promoter can be determined from the amount
of enzyme encoded by the reporter gene. In the present
examples, the firefly and the Renilla luciferase genes
were selected as examples of reporter genes. The
present invention relates to a promoter-reporter gene
fusion consisting of 1f-aromatase promoter according
to Seq ID # 1 and reporter gene, and the reporter gene
can be selected from the group comprising a firefly or
Renilla luciferase gene, although this choice must not
be limiting, and wherein the fusion product can be
expressed in a cell line in a stable or transient
manner. If in addition the AR is expressed in the
cells, the influence of the AR-active test substances
on the activity of the aromatase promoter is exerted
via the AR. The action of the test substances can then
be determined on the basis of the altered luciferase
enzyme activities. Accordingly, pharmacologically
active substances can be sought or characterized
without having to work with primary neuronal tissue or
primary neuronal cells or with whole animals or with
extracts from them. The present invention relates to
the use of a promoter-reporter gene fusion in an in
vitro test system, wherein the promoter-reporter gene
fusion consists of a 1faromatase promoter according to
Seq ID # 1 and reporter gene and wherein the influence
of test substances is determined in a high-throughput
reporter gene assay in cell culture and information
can be obtained concerning the regulation of aromatase
in neuronal tissues. This method is used for
identifying substances that influence aromatase
expression by binding to the androgen receptor. The
present invention also relates to the use of the
promoter-reporter gene fusion, wherein sequences that
have >90%, preferably >95% homology to the sequence
given under Seq ID # 1, are used in a cell culture
system for identifying substances that exert an
influence on aromatase regulation in the brain by
binding to the androgen receptor.Furthermore, using
the test model according to the invention it is also
possible to characterize the properties of androgenic
substances, including AR agonists, antagonists and
SARMs, in which the activity of the 1f-aromatase
promoter is compared with the activity of a promoter
that is regulated in another tissue via the AR or in
general is regulated by AR. The promoter activity of
the 1faromatase promoter then serves as surrogate
marker for AR-mediated activity in neuronal tissues or
in an even more generalized manner as surrogate marker
for AR-mediated activity other than in the gonadal
tissue (e.g. in men other than in the testis and
prostate, in women other than in the ovary). For this,
the test system according to the invention with the
neuronal 1faromatase promoter is combined with another
promoter regulated by the AR. The latter reflects
either a general androgenic action (e.g. the
MMTV-promoter) or an androgenic action in another
androgenic target organ (e.g. promoters that are
activated in the prostate by the androgen receptor).
The simultaneous use of two different reporter genes,
for example Renilla luciferase on the 1f-aromatase
promoter and firefly luciferase on a second promoter,
permits simultaneous measurement of both promoter
activities. This provides, simply and elegantly,
information on the tissue-selective activity of test
substances with pharmacological action via the AR.
Otherwise, both promoters can also be inserted
successively before the same reporter gene, which once
again represents a considerable simplification
relative to the prior art, which as a rule is an
animal test. The neuronal promoter activity can be
abstracted in a more generalized manner as surrogate
activity of a promoter other than in the gonads. The
present invention also relates to a method for
determining the tissueselective action of substances
that bind to the androgen receptor, comprising the
following steps: a . Determination of the modulation
of aromatase regulation using the promoter-reporter
gene fusion in a reporter gene assay in cell culture
systems for identifying both agonistic and
antagonistic activities,b. Determination of the
modulation of another androgen-dependent promoter and
c . Comparison of step a and b, to provide a complete
in vitro characterization of substances with respect
to selective AR modulation on the 1f-aromatase
promoter or in direct comparison with e.g.
prostatespecific or generally acting AR-regulated
promoters. This method can be used for identifying
substances that exert a tissue-selective influence on
the AR. The present invention also relates to the use
of the promoter-reporter gene fusion in a reporter
gene assay, wherein sequences that have > 90%,
preferably > 95% homology to the sequence stated under
Seq ID # 1 are used in a reporter gene assay in cell
culture systems for identifying substances that
modulate the activity of the androgen receptor and
provide tissue-selective modulation of the regulation
of genes regulated by the androgen receptor.
"Antagonists" are to be understood as molecules that
bind to their corresponding 



receptors and which inhibit the initiation of the
signal transduction pathway or pathways coupled with
the receptor by the naturally occurring ligand or
ligands. Usually the antagonists compete with the
naturally occurring ligands of the receptor for
binding to the receptor. However, other modifications
of the receptor by molecules that prevent the signal
transduction pathways coupled with the receptor being
activated by the naturally occurring ligand or ligands
are also possible (e.g. non-competitive, steric
modifications of the receptor). Receptor antagonists
typically bind selectively to their particular
receptor and not to other receptors. Normally they
display greater binding affinity than the natural
ligand. Although antagonists that have greater
affinity for the receptor than the natural ligand are
preferred, antagonists with lower affinity can also be
used. Preferably the antagonists bind reversibly to
their corresponding receptors. "Agonists" are to be
understood as molecules that bind to their
correspondingreceptors and usually compete with the
naturally occurring ligands of the receptor for
binding to the receptor and which stimulate the
initiation of the signal transduction pathway coupled
to the receptor. Agonists can also support the binding
of the natural ligands. Receptor agonists typically
bind selectively to their particular receptor and not
to other receptors. They normally have greater binding
affinity than the natural ligand. Although agonists
that have greater affinity for the receptor than the
natural ligand are preferred, agonists with lower
affinity can also be used. Preferably the agonists
bind reversibly to their corresponding receptors.
Agonists are tested by signal transduction mediated by
initiation of the corresponding receptor and/or
physiological action. "Ligands" denote the compounds
or low-molecular substances that bind to a receptor.
Their binding is usually reversible. The binding of a
ligand to the corresponding receptor activates or
inactivates the signal transduction pathway coupled to
the receptor. This is how the ligand imparts its
intracellular action. Ligands are to be understood as
agonists and antagonists of a receptor.Biological
examples 1. Cloning of the human If-aromatase promoter
in reporter gene plasmids For the reporter gene assay,
the 1f-promoter of human aromatase is amplified from
genomic DNA from human SH-SY5Y cells. Isolation of
genomic DNA is carried out using the QIAamp Blood Kit
according to the protocol specified by the
manufacturer (Qiagen). The 1f-promoter of aromatase is
known from publications (S. Honda, et al., Biochem
Biophys Res Commun 198 ( 1994), pp. 1153-1 160) and
from the gene bank (CYP1 9A1 ) . Using specific primer
pairs (Table 2), portions of the human
aromatase-promoter region including the 1f-promoter
are amplified by PCR. For amplification of
DNA-fragments by PCR, in each case 1 ml of the genomic
DNA samples is used. This is denatured for 2 min at
94C and amplified with the stated DNA primers EbrainB4
and Ebrain-c670 in 35 cycles, analysed by gel
electrophoresis (Fig. 2) and purified of by-products
by DNA extraction from agarose gel. The PCR product of
the 1f-promoter fragment possesses 3' -A overhangs and
is ligated with the linear pTAdv cloning vector (Fig.
3). The pTAdv vector was obtained from Clontech. The
insert of the resultant 1f-pTAdv2 vector (Fig. 4) is
sequenced and the amplified human 1f-aromatase
promoter sequence confirmed (Seq ID # 1) . It differs
from the sequence published previously (S. Honda et
al., N Biochem Biophys Res Commun 198 ( 1994), 1153-1
160), but tallies with more recent gene bank entries.
The reporter gene used is for example the luciferase
gene of the pGI3 vector from Promega. For production
of the promoter-reporter gene construct with the
1f-promoter, the control promoter (SV40) with length
of 2 13 bp is cut out of the vector pGI3-control (Fig.
5) with Hindlll and Xhol. The pGI3 vector thus
linearized and shortened is purified by gel
electrophoresis and DNA extraction, dephosphorylated,
then the fragment of the 1f-promoter that was cut out
withHind 111and Xhol from the 1f-pTAdv2 vector (Fig.
4) and purified, is spliced in and the reporter gene
plasmid 1f-pGI3 is produced (Fig. 6). 2 . Transfection
experiments for determining the influence of
hormonallv active compounds on the 1f-promoter in
reporter gene assays in cell culture PC3 (human
prostate carcinoma) cells (from DSMZ GmbH,
Braunschweig) are passaged in RPMI 1640 medium with
phenol red (Order No.: 31870-025 from Gibco) + 10%
fetal calf serum (FCS) with 20O mM glutamine and 5
mg/l penicillin/streptomycin and cultivated at 37C
with 5% CO2 and 100% relative humidity in incubators
(Heraeus). Before the tests the PC3-cells are passaged
twice with test medium; this contains no phenol red
(Order No.: 32404-014 from Gibco) and fetal calf
serum, which was purified beforehand with activated
carbon to remove hormone residues (DCS). In order to
determine the influence of hormones on the cloned
1f-aromatase promoter in the pGI3 fusion vector
1f-pGI3 on the basis of the luciferase activity, in
6-well plates 200000 cells per well are cotransfected
with 0.2mg of this plasmid with 0.5 mg of the pSG5AR
plasmid. The pSG5AR vector is based on the pSG5
vector, which possesses the SV40 early gene promoter,
which in human cells leads to constitutive expression
of the underlying genes (Breathnach, R. and Harris,
B.A. 1983, Nucleic Acids Res. 11:71 19-36), in this
case of the gene for the AR. Transient transfection
with the reporter gene plasmid and the pSG5AR plasmid
is carried out with lipofectin according to the
instructions of GibcoBRL [Lipofectin-Reagent package
insert, Cat. No.: 18292- 037]. 20 h after
transfection, the androgen dihydrotestosterone (DHT)
is added. After incubation for a further 24 hours in
the incubator, the cells are washed with PBS, lysed
and the reporter gene activity is determined.
Luciferase activity is determined using luciferase
assay substrate according to the instructions of
Promega [Luciferase Assay Substrate package insert,
Cat. No.: E 151A from: Luciferase Assay System with
Reporter Lysis Buffer; Part TB1 6 1, USA 3/98]. To
standardize the measured values, which are stated in
light units, they can bedivided by the amount of
protein used in mg, stating the result in relative
light units (RLU). The 1f-reporter gene product shows,
in the transfection carried out in the prostate cell
line PC3, induction of reporter gene expression with
DHT by a factor of 2.6 (Fig. 7). The regulation by
androgens can be determined here in vitro. 3 .
Androgen-dependent regulation of the 1f-aromatase
promoter In addition to the prostate PC3 cells, a
neuronal cell line is used for analysis of
androgen-regulated reporter gene expression on the
1f-aromatase promoter. The human neuroblastoma cell
line SH-SY5Y (from DSMZ GmbH, Braunschweig) is
passaged in Dulbecco's MOD Eagle Medium with phenol
red (Order No.: 3 1885-023 from Gibco) + 15% fetal
calf serum (FCS) with 5 mg/l penicillin/streptomycin
and cultivated at 37C with 5% CO2 and 100% relative
humidity in incubators (Heraeus). Before the tests,
the SH-SY5Y cells are passaged twice with test medium;
this contains no phenol red (Order No.: 11880-028 from
Gibco) and fetal calf serum, which was purified
beforehand with activated carbon to remove hormone
residues (DCS). In order to determine the influence of
hormones on the cloned 1f-aromatase promoter in the
pGI3 fusion vector 1f-pGI3 on the basis of the
luciferase activity, in 6-well plates 300000 cells per
well are cotransfected with 0.2 mg of this plasmid
with 0.5 mg of the pSG5AR plasmid. The pSG5AR vector
is based on the pSG5 vector, which possesses the SV40
early gene promoter, which in human cells leads to
constitutive expression of the underlying genes
(Breathnach, R. & Harris, B.A. 1983; "Plasmids for the
cloning and expression of full-length double-stranded
cDNAs under control of the SV40 early or late gene
promoter", Nucleic Acids Res. 11:71 19-36), in this
case of the gene for the AR. Transient transfection
with the reporter gene plasmid and the pSG5AR
plasmidis carried out with lipofectin according to the
instructions of GibcoBRL [Lipofectin-Reagent package
insert, Cat.No.: 18292-037]. 20 h after transfection,
the androgen dihydrotestosterone (DHT) is added. After
incubation for a further 24 hours in the incubator,
the cells are washed with PBS, lysed and the reporter
gene activity is determined. Luciferase activity is
determined using luciferase assay substrate according
to the instructions of Promega [Luciferase Assay
Substrate package insert, Cat.No.: E151A from:
Luciferase Assay System with Reporter Lysis Buffer;
Part TB1 6 1, USA 3/98]. To standardize the measured
values, which were stated in light units, they can be
divided by the amount of protein used in mg, stating
the result in relative light units (RLU). The
1f-reporter gene product shows, in the transfection
carried out in the 



neuroblastoma cell line SH-SY5Y,
concentration-dependent induction of reporter gene
expression with DHT (Fig. 8). As similar effects are
measured in both cell lines used, the activity of the
1fpromoter in these test systems is stimulated by
androgens independently of the cellular context. 4 .
Transfection experiments for characterization of
hormonal regulation of the 1faromatase promoter by
pharmacologically active substances As well as DHT, on
the basis of the 1f-luciferase reporter gene construct
(1fpGI3) as further pharmacologically active substance
we tested the influence of estradiol on the expression
of human aromatase in neuronal tissues (Fig. 9). PC3
(human prostate carcinoma) cells (from DSMZ GmbH,
Braunschweig) were passaged in RPMI 1640 medium with
phenol red (Order No.: 31870-025 from Gibco) + 10%
fetal calf serum (FCS) with 20O mM glutamine and 5
mg/l penicillin/streptomycin and cultivated at 37C
with 5% CO2 and 100% relative humidity in incubators
(Heraeus). Before the tests, the PC3-cells are
passaged twice with test medium; this contains no
phenol red (Order No.: 32404-014 from Gibco) and fetal
calf serum, which was purified beforehand with
activated carbon to remove hormone residues (DCS).In
order to determine the influence of estradiol (E2) on
the cloned 1f-aromatase promoter in the pGI3 fusion
vector 1f-pGI3 on the basis of the luciferase
activity, in 6-well plates 200000 cells per well are
cotransfected with 0.2 mg of this plasmid with 0.5 mg
of the pSG5-ER plasmid. The pSG5-ER vector is based on
the pSG5 vector, which possesses the SV40 early gene
promoter, which in human cells leads to constitutive
expression of the underlying genes (Breathnach, R. &
Harris, B.A. 1983; "Plasmids for the cloning and
expression of full-length double-stranded cDNAs under
control of the SV40 early or late gene promoter",
Nucleic Acids Res. 11:71 19-36), in this case of the
gene for human oestrogen receptor alpha (ERa).
Transient transfection with the reporter gene plasmid
and the pSG5-ER plasmid is carried out with lipofectin
according to the instructions of GibcoBRL
[Lipofectin-Reagent package insert, Cat. No.: 18292-
037]. 20 h after transfection, the androgen
dihydrotestosterone (DHT) is added. After incubation
for a further 24 hours in the incubator, the cells are
washed with PBS, lysed and the reporter gene activity
is determined. Luciferase activity is determined using
luciferase assay substrate according to the
instructions of Promega [Luciferase Assay Substrate
package insert, Cat. No.: E 151A from: Luciferase
Assay System with Reporter Lysis Buffer; Part TB1 6 1,
USA 3/98]. To standardize the measured values, which
are stated in light units, they can be divided by the
amount of protein used in mg, stating the result in
relative light units (RLU). Direct influencing of
neuronal aromatase expression or activity by means of
oestrogens is not described in the literature. Also in
the 1f-reporter gene assay according to the invention,
no effect of estradiol on 1f-promoter activity can be
measured (Fig. 9). This finding also coincides with a
sequence analysis of the 1f-promoter, in which at
least no known ERE sequences are contained. An
influence of the oestrogen concentration on aromatase
activity in the brain is admittedly discussed in the
literature (Rosselli, C. E. and Resko, J. A. ( 1993):
Aromatase activity in the rat brain: hormonal
regulation and sex differences; J. Steroid. Biochem.,
Vol. 44: 499-508), although to the effect that this
influence is mediated by a feedback mechanism. The
oestrogens produced by thearomatase lower the
expression of the androgen receptors and hence
indirectly also the expression of aromatase, as the
presence of the androgen receptor is essential for the
androgenic action to take effect. This feedback
regulation is not present in the in vitro reporter
gene assay according to the invention, as the receptor
gene plasmids based on the pSG5 vector lead to
expression of the receptors independently of the
oestrogen concentration. This switch ing-off of the
feedback mechanisms present in the complex in vivo
system permits, in the transactivation assays that
were carried out, investigation of the direct
regulation of aromatase expression at promoter level.
The reporter gene assay according to the invention is
therefore the most suitable for further more detailed
elucidation of the necessary stimuli for direct
regulation of neuronal aromatase expression. 5 .
Transfection experiments for identification and
characterization of pharmacologically active
substances that regulate neuronal aromatase expression
As well as DHT, other pharmacologically active
androgens are tested with the 1f-luciferase-reporter
gene construct (Fig. 10). The human neuroblastoma cell
line SH-SY5Y (from DSMZ GmbH, Braunschweig) was
passaged in Dulbecco's MOD Eagle Medium with phenol
red (Order No.: 3 1885-023 from Gibco) + 15% fetal
calf serum (FCS) with 5 mg/l penicillin/streptomycin
and cultivated at 37C with 5% CO2 and 100% relative
humidity in incubators (Heraeus). Before the tests,
the SH-SY5Y cells are passaged twice with test medium;
this contains no phenol red (Order No.: 11880-028 from
Gibco) and fetal calf serum, which was purified
beforehand with activated carbon to remove hormone
residues (DCS). In order to determine the influence of
hormones on the cloned 1f-aromatase promoter in the
pGI3 fusion vector 1f-pGI3 on the basis of the
luciferase activity, in 6-well plates 300000 cells per
well are cotransfected with 0.4 mg of this plasmid
with 0.5 mg of the pSG5AR plasmid. The pSG5AR vector
is based onthe pSG5 vector, which possesses the SV40
early gene promoter, which in human cells leads to
constitutive expression of the underlying genes
(Breathnach, R. & Harris, B.A. 1983; "Plasmids for the
cloning and expression of full-length double-stranded
cDNAs under control of the SV40 early or late gene
promoter", Nucleic Acids Res. 11:71 19-36), in this
case the gene for the AR. Transient transfection with
the reporter gene plasmid and the pSG5AR plasmid is
carried out with lipofectin according to the
instructions of GibcoBRL [Lipofectin-Reagent package
insert, Cat.No.: 18292-037]. 20 h after transfection,
the test substances are added. After incubation for a
further 24 hours in the incubator, the cells are
washed with PBS, lysed and the reporter gene activity
is determined. Luciferase activity is determined using
luciferase assay substrate according to the
instructions of Promega [Luciferase Assay Substrate
package insert, Cat.No.: E 151A from: Luciferase Assay
System with Reporter Lysis Buffer; Part TB1 6 1, USA
3/98]. To standardize the measured values, which are
stated in light units, they can be divided by the
amount of protein used in mg, stating the result in
relative light units (RLU). In the transfection that
was carried out, the 1f-reporter gene plasmid shows a
concentration-dependent induction of reporter gene
expression with DHT (Fig. 8). As well as DHT, other
androgens are also tested with the
1f-luciferasereporter gene construct (Fig. 10). All
androgens stimulate the 1f-promoter, but with slightly
different potency in each case. Activation can also be
observed with MENT and testosterone propionate. The
very potent stimulation by testosterone propionate in
the relative comparison tallies with the good clinical
effects of testosterone derivatives on male libido
(Gooren, 1987, Arch. Sex. Beh. 16:463- 473; Bancroft
1988, In Handbook of Sexology 6, 297-315 Elsevier,
Amsterdam, Buna et al..1 993, Fertil. Steril. 59:
1118-1 123), which in primates is controlled primarily
by activation of neuronal aromatase expression (Zumpe
et al., 1993, Horm. Behav. 27:200-21 5).36.
Transfection experiments for identification and
characterization of tissueselective androgens, which
regulate AR-regulated genes in neuronal tissue
differently compared with other tissues The test
system according to the invention with the neuronal
1f-aromatase promoter is combined with the
MMTV-promoter, which reflects a general androgenic
action (Parker, M.G. et al., J Cell Biochem. 1987,
35:285-92). The hormone-regulated MMTV-promoter is
cloned in front of the firefly luciferase gene of the
pGL3control vector from Promega, to produce the vector
MMTV-luc. The human neuroblastoma cell line SH-SY5Y
(from DSMZ GmbH, Braunschweig) is passaged in
Dulbecco's MOD Eagle Medium with phenol red (Order
No.: 3 1885-023 from Gibco) + 15% fetal calf serum
(FCS) with 5 mg/l penicillin/streptomycin and
cultivated at 37C with 5% CO2 and 100% relative
humidity in incubators (Heraeus). Before the tests,
the SH-SY5Y cells are passaged twice with test medium;
this contains no phenol red (Order No.: 11880-028 from
Gibco) and fetal calf serum, which was purified
beforehand with activated carbon to remove hormone
residues (DCS). In order to determine the influence of
hormones on the cloned 1f-aromatase 



promoter in the pGI3 fusion vector on the basis of the
luciferase activity in comparison with the
MMTV-promoter, in parallel transfection experiments
1.5 mg of the 1f-pGI3 plasmid or of the MMTV-luc
plasmid is transfected together with 0.75 mg of the
pSG5AR plasmid in 300000 SH-SY5Y cells per well of a
6-well plate. Transient transfection with the reporter
gene plasmids is carried out with lipofectin according
to the instructions of GibcoBRL [Lipofectin-Reagent
package insert, Cat. No.: 18292-037]. 2O h after
transfection, the test substances are added. After
incubation for a further 24 hours in the incubator,
the cells are washed with PBS, lysed and the reporter
gene activity is determined. Luciferase activity is
determined using luciferase assay substrate according
to the instructions of Promega [Luciferase Assay
Substrate package insert, Cat. No.: E 151A from:
Luciferase Assay System with Reporter Lysis Buffer;
Part TB161 , USA 3/98]. To standardize the measured
values, which were stated in lightunits, they are
divided by the amount of protein used in mg and the
relative light units per mg of protein used are stated
as a percentage of the maximum stimulation. In the
transfections carried out in the neuroblastoma cell
line SH-SY5Y, the 1freporter gene plasmid shows
induction of reporter gene expression with the
androgens tested, in this example DHT and
oxymetholone. The MMTV-reporter gene plasmid also
shows induction of reporter gene expression in both
cases (Fig. 12). As expected, oxymetholone is weaker
than DHT. Surprisingly and unpredictably, the
substances differ, sometimes considerably, with
respect to induction on the two promoter constructs
(Fig. 11) . Whereas oxymetholone produces very similar
activation on both promoters tested, DHT shows marked
differences between the two promoters and is less
potent on the neuronal 1faromatase promoter compared
with the MMTV promoter. These differences point to a
possible tissue-selective difference in vivo and
therefore in humans. It is known from animal tests
that DHT, in comparison with testosterone for example,
has considerably less action on male sexual behaviour,
whereas it acts as a very strong androgen on the
prostate (Arteaga-Silva, M. et al., 2005, Physiol
Behav. 85: 571-80). This behaviour of DHT was also
confirmed in comparison with oxandrolone in an
extensive in vivo experiment, which took 4 months
(Fig. 12). The in vitro test system according to the
invention therefore permits, simply and elegantly,
rapid identification and characterization of androgens
with a possible tissue-selective action. It is
therefore an ideal test system, with potential for
high-throughput testing. 7 . Transfection experiment
for simultaneous identification and characterization,
also with respect to partial-agonistic and
partial-antagonistic effects, of tissueselective
androgens providing tissue-selective differential
regulation of ARregulated genes The test system
according to the invention with the neuronal
1f-aromatase promoter is combined with the
MMTV-promoter, which reflects a generalandrogenic
action (Parker, M.G. et al., J Cell Biochem. 1987,
35:285-92). Both androgen-regulated promoter
activities can be measured simultaneously in a
transfection assay or optionally in a stably
transfected cell line, using two different reporter
gene constructs. In the present example the
hormoneregulated MMTV-promoter is cloned in front of
the firefly luciferase gene of the pGL3control vector
from Promega, to produce the vector MMTV-luc, whereas
the 1f-aromatase promoter is cloned in front of the
Renilla luciferase gene of the pRL vector from
Promega, to produce the vector 1f-aromatase-pRL For
optional simplification of the experimental setup, the
AR is first transfected stably in a cell line. The
cDNA of the AR is cloned into the expression plasmid
pSG5, to generate the plasmid pSG5AR. This vector
possesses the SV40 early gene promoter, which in human
cells leads to constitutive expression of the
underlying genes (Breathnach, R. and Harris, B.A.
1983, Nucleic Acids Res. 11:71 19-36), in this case
the gene of the AR. PC3 (human prostate carcinoma)
cells (from DSMZ GmbH, Braunschweig) are stably
transfected with the pSG5AR vector, with the
additional use of a plasmid that encodes a resistance
gene for the antibiotic G418. The resultant PC3-AR+
cells stably express human AR. PC3AR+ cells are
passaged in RPMI 1640 medium with phenol red (Order
No.: 31870-025 from Gibco) + 10% fetal calf serum
(FCS) with 20O mM glutamine, 5 mg/l
penicillin/streptomycin and 200mg/ml Geniticin and
cultivated at 37C with 5% CO2 and 100% relative
humidity in incubators (Heraeus). Before the tests the
PC3-AR+ were passaged twice with test medium; this
contains no Geniticin, no phenol red (Order No.:
32404-014 from Gibco) and fetal calf serum, which is
purified on activated carbon to remove hormone
residues (DCS). In order to determine the influence of
hormones on the cloned 1f-aromatase promoter in the
pRL fusion vector on the basis of Renilla activity in
comparison with firefly luciferase activity of the
MMTV-promoter, in transfection experiments 8 mg of the
1f-aromatase-pRL plasmid and 20 mg of the MMTV-luc
plasmid are transfected in 300000 PC3-AR+ cells per
175 ml bottle. Transient transfection with the
reporter gene plasmids is carried out with lipofectin
according to theinstructions of GibcoBRL
[Lipofectin-Reagent package insert, Cat. No.: 18292-
037]. 6h after transfection, the cells are washed and
distributed on 96-well microtitre plates, with 10000
cells per well. 16 h after transfer to 96-well plates,
a selective androgen receptor modulator (SARM) is
added, both on its own for measurement of agonistic
activities and in the presence of 10 x e 10 M
testosterone for measurement of antagonistic
activities. After incubation in the incubator for a
further 20 hours, the cells are washed with PBS, lysed
and the reporter gene activities are determined. The
firefly and Renilla luciferase activities are
determined in relative light units with a dual
Luciferase Assay Kit (Order No.: E 1960 from Promega)
in accordance with the manufacturer's instructions
[Promega; Luciferase Assay Substrate package insert,
Cat. No.: E 151A from: Luciferase Assay System with
Reporter Lysis Buffer; Part TB161 , USA 3/98]. For
optional standardization of the measured values, which
were stated in light units, they can be divided by the
amount of protein used in mg, stating the result in
relative light units (RLU). In the test for agonism,
the SARM tested here, like the DHT already presented
in the previous example, acts very differently on the
two AR-dependent promoters (Fig. 13). In contrast to
DHT, however, in this case there is no activation of
the general MMTV promoter, whereas the neuronal
1f-aromatase promoter, which serves as an example of
promoter of an AR-regulated promoter other than in the
gonads, is activated. Like the previous example with
DHT, this points to a possible tissue-selectivity also
in vivo and in humans. Furthermore, the parallel
measurements of antagonism can provide indications of
possible selective modulation of AR activity. That is,
beyond the state of the art, it is possible to obtain
indications of SARM activity with respect to possible
tissueselective action. As has also been clearly
demonstrated in this example, the measurements can
take place in the microtitre format, which underlines
the basic high-throughput capability of the test
system according to the invention. SARMs, which as in
this example generally have clearly antagonistic
action, but in specific tissues also display a certain
agonistic action, are of particular interest for a
great variety ofindications (S.S. Wolf and M.
Obendorf, 2004, in E. Nieschlag & H. M. Behre:
Testosterone' 3rd Edition; Cambridge University Press,
ISBN 0521833809; 623- 640).Figures Fig. 1: Genomic
promoter region of the human aromatase gene with the
known splicing variants of the alternative exon-l
variants (simplified representation). For greater
clarity, portions of the 5'-region have been cut out
and shown as omissions (modified from Harada, N. et
al., Proc. Natl. Acad. Sci. USA, Vol. 90: 11312- 113
16, 1993 and Simpson, E.R. Endocrine Reviews, Vol. 15
: 341 -355, 1994). Fig. 2 : PCR product with the
1f-aro-promoter, amplified from genomic DNA from
SHSY5Y cells a : length standard b: PCR amplificate of
1f-aromatase promoter. Fig. 3 : Map of the pTAdv
vector. This linearized vector, provided with a 3' -T
overhang at both ends , was used for the ligations
with PCR fragments. Fig. 4 : Vector map of the
1f-pTadv" vector with the amplified 1f-aromatase
promoter- DNA in the pTAdv vector. Hindlll and Xhol
mark cleavage sites that were used for further
cloning. 



Fig. 5 : Vector map of the pGI3-control vector.
Hind\\\ and Xho\ mark cleavage sites that were used
for further cloning. Fig. 6 : Vector map of the
1f-pGI3 vector. Hindlll and Xhol mark cleavage sites
thatwere used for production of the vector. Fig. 7 :
Dependence of activation of the 1f-promoter on the
concentration of dihydrotestosterone (DHT) in
PC3-cells. 0.2 mg of the 1f-pGI3 plasmid and 0.5 mg of
the pSG5-AR plasmid are transfected. Incubation with
DHT for 2Oh. The mean values of double determinations
are shown in relative light units (RLU) per mg total
protein. Fig. 8 : Dependence of activation of the
1f-promoter on the concentration of
dihydrotestosterone (DHT) in SH-SY5Y cells. 0.2mg of
the 1f-pGI3 plasmid and 0.5mg of the pSG5-AR plasmid
are transfected. Incubation with DHT for 2Oh. The mean
values of double determinations are shown in relative
light units (RLU) per mg total protein. Fig. 9 : This
shows that activation of the 1f-promoter is
independent of the concentration of estradiol (E2) in
PC3-cells. 0.2 mg of the 1f-pGI3 plasmid and 0.5 mg of
the pSG5-ER plasmid are transfected. Incubation with
E2 for 2Oh. The mean values of double determinations
are shown in relative light units (RLU) per mg total
protein. Fig. 10 : Influence of various androgens on
the 1f-promoter in neuronal SH-SY5Y cells. 0.4 mg of
the 1f-pGI3 and 0.5 mg of the pSG5-AR plasmid are
transfected. Incubation with a) T (testosterone
propionate), b) MENT (7a-methyl-1 9- nortestosterone)
and c) DHT (dihydrotestosterone) for 2Oh. The mean
values from double determinations are shown in
relative light units (RLU) per mg totalprotein. Fig.
11: Influence of various androgens on the 1f-promoter
and the MMTV-promoter in neuronal SH-SY5Y cells. 1.5
mg of the 1f-pGI3 and of the MMTV-luc promoter and
0.75 mg of the pSG5-AR plasmid are transfected.
Incubation with oxymetholone or DHT
(dihydrotestosterone) for 2Oh. The standardized mean
values of the relative light units (RLU) are shown as
percentage from quadruple determinations with standard
deviations. Fig. 12 : In vivo influence of various
androgens on male sexual behaviour (A), which
represents a neuronal end point of the androgenic
action, and on the weight of the prostate (B), which
represents a gonadal end point of the androgenic
action. Intact male rats with sexual experience are
selected and castrated. After 7 weeks and loss of
sexual activity, the animals are divided into three
groups with 9-1 0 animals per group and are treated
for one week with 1050 mg oxymetholone, DHT or
vehicle. From day 8 to day 120, the animals receive
daily 70 mg oxymetholone (black), DHT (dark grey) or
vehicle (light grey). Each animal was tested 7 times
for sexual behaviour (mounting behaviour). 4 months
after the start of the study, the organs were removed
and prostate and body weights were determined. Fig. 13
: Testing for agonism (A+C) and antagonism (B+D) of a
selective AR modulator (SARM) simultaneously on the
nonspecific MMTV-promoter (A+B) and on the neuronal
1f-aromatase promoter (C+D) in pC3AR+ cells. 1.5 mg of
the 1f-pGI3 and of the MMTV-luc promoter and 0.75 mg
of the pSG5-AR plasmid are transfected. Incubation
with the SARM for 20 h. In the tests for antagonism
(B+D) the SARMis incubated at the stated concentration
in the presence of 4x10 e 10 M testosterone. The
individual values are shown as squares and the mean
values of the relative light units from quadruple
determinations as circles with standard deviations.
The values for testosterone without addition of the
SARM are shown as triangles. On the nonspecific
MMTV-promoter (A+B) the SARM tested here behaves as
pure antagonist of AR-mediated transactivation,
whereas on the neuronal 1f-aromatase promoter (C+D)
the partial agonistic/partial antagonistic action
comes to the fore.Patent claims: 1. Promoter-reporter
gene fusion consisting of 1f-aromatase promoter
according to Seq ID # 1 and reporter gene. 2 .
Promoter-reporter gene fusion according to Claim 1,
characterized in that the reporter gene can be
selected from the group comprising a firefly or
Renilla luciferase gene and in that the fusion product
can be expressed stably or transiently in a cell line.
3 . Use of the promoter-reporter gene fusion according
to Claim 1 or 2, characterized in that, in a cell
culture system, substances can be identified that have
an influence on aromatase regulation in neuronal
tissues by binding to the androgen receptor. 4 . Use
according to Claim 3, characterized in that sequences
having > 90%, preferably > 95% homology to the
sequence stated under Seq ID # 1 are used in a cell
culture system for identifying substances that have an
influence on aromatase regulation in the brain by
binding to the androgen receptor. 5 . Determination of
the tissue-selective action of substances that bind to
the androgen receptor, comprising the following steps:
a . Determination of the modulation of aromatase
regulation using the promoter-reporter gene fusion in
a reporter gene assay in cell culture systems for
identifying both agonistic and antagonistic
activities, b. Determination of the modulation of
another androgen-regulated promoter and c . Comparison
of step a and b, to achieve a complete in vitro
characterization of substances with respect to
selective AR modulation on the 1f-aromatase promoter
or in direct comparison with other AR-regulated
promoters.6 . Determination of the tissue-selective
action of substances according to Claim 5,
characterized in that sequences having >90%,
preferably >95% homology to the sequence stated under
Seq ID # 1 are used in step a). 7 . In vitro test
system for the identification and characterization of
substances that bring about an increase in aromatase
expression selectively in the central nervous system
and/or are suitable for exerting a tissue-selective
influence on the activity of the AR, characterized in
that the test system contains a fusion of reporter
gene and aromatase promoter according to Claim 1 or 2
. 


